May 6, 2019
The Honorable City Council
City of Wildwood, Missouri
16860 Main Street
Wildwood, Missouri 63040
The Planning and Zoning Commission has completed its review of the requested application for a
Conditional Use Permit (CUP) to authorize solar panels facing a public street and prepared the
following recommendation report in this regard. This recommendation report reflects the Planning
and Zoning Commission’s action upon this item is now being forwarded for receipt and filing by the
City Council. This recommendation and action were completed in accordance with the requirements
of Chapter 89 of Missouri Revised Statutes, the City’s Charter, and those regulations of the City
relating to public notice and publications (Chapter 415.560 of the City of Wildwood Zoning
Ordinance). The details associated with this request, and the Commission’s related action, are as
follows:
Petition No.:
Petitioner:

Request:

Location:
Zoning:
Public
Hearing Date:
Letter of Recommendation
Decision Date and Vote:
Report:
Background
Information:
School District:
Fire District:
Ward:

P.Z. 2-19
Doug Gray, 16709 Westglen Farms Drive, Wildwood, Missouri, 63011, c/o
Straight Up Solar, Valerie A. Corey, 10330 Page Industrial Boulevard, St.
Louis, Missouri 63132
A request for a Conditional Use Permit (CUP) to allow for the installation
of roof-mounted solar panels, which are to be so situated on the
dwelling as to be visible from an adjoining roadway.
16709 Westglen Farms Drive, 63011 (St. Louis County Locator Number:
23V631055)
R-1A 22,000 square foot Residence District and R-3 10,000 square foot
Residence District, with Planned Environment Unit (PEU)
April 1, 2019
May 6, 2019 - TBD
Attachment A
Attachment B
Rockwood
Metro West
Five

Copies of the City of Wildwood’s Master Plan, Charter, and Zoning Ordinance are all on file with the
City Clerk’s Office.
Respectfully submitted,
CITY OF WILDWOOD PLANNING AND ZONING COMMISSION
Michael Lee, Acting Chair
ATTEST:
Joe Vujnich, Director
Department of Planning
Cc:

The Honorable James R. Bowlin, Mayor
Steve Cross, Co-City Administrator
John A. Young, City Attorney
Kathy Arnett, Assistant Director of Planning and Parks
Travis Newberry, Planner
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ATTACHMENT A
CURRENT REQUEST:
P.Z. 2-19 Doug Gray, 16709 Westglen Farms Drive, Wildwood, Missouri, 63011, c/o Straight Up Solar, Valerie A.
Corey, 10330 Page Industrial Boulevard, St. Louis, Missouri 63132 – A request for a Conditional Use Permit
(CUP) in the R-1A 22,000 square foot Residence District and R-3 10,000 square foot Residence District, with
Planned Environment Units (PEU) (Street Address: 16709 Westglen Farms Drive/Locator Number: 23V631055),
for the installation of roof-mounted solar panels, which are to be so situated on the dwelling as to be visible
from an adjoining roadway. This request is to be reviewed in accordance with Chapter 415.120 R-1A 22,000
square foot Residence District and Chapter 415.140 R-3 10, 000 square foot Residence District Regulations of
the City of Wildwood Zoning Ordinance, which establishes standards and requirements for the installation of
solar panels. The requested permit is required due to the panels’ placement on the front facing area of the
dwelling’s roof. (Ward Five)

BACKGROUND REGARDING REGULATIONS:
The consideration of the current regulations for solar panels was prompted a number of years ago by a request
for a large array of ground-mounted types on a tract of land located in a rural area of the City. The tract of land
was approximately thirty (30) acres in size and had one (1) dwelling located upon it. Despite the size of the
tract of land, the owner requested the placement of the array on the westernmost boundary line of the lot
and, in fact, sought a variance from the City’s Board of Adjustment to place it within the required thirty (30)
foot setback area. The City’s Board of Adjustment denied this request, based upon the size of the tract of land
and the existence of other locations for them on this lot, while also noting with noting the major impact to the
neighboring property in the abutting residential subdivision. Thereafter, with the action of the City’s Board of
Adjustment, the property owner submitted the required information to the City for its zoning authorization
process to allow the installation of these solar panels, which did meet all of the requirements for setback
distances and other regulations for this type of construction.
Thereafter, the owner installed the solar panel arrays and placed them in the side yard setback area, thereby
violating the requirements of the City, and the approved plans for their respective installations. Since the
encroachment resulted in the removal of the established woodland buffer, between the subject lot and the
adjoining property to the west, that impacted owner was concerned with the limited nature of the City’s
regulations for solar panel arrays and foresaw this situation happening again elsewhere in Wildwood. To that
end, the impacted property owner (the neighbor to that installation) submitted information to the City
regarding other communities’ regulations relating to solar panel arrays and requested their implementation
here in Wildwood, given the need for such to be more detailed and comprehensive, thereby addressing these
structures and their related impacts.
On June 2, 2014, the Planning and Zoning Commission held a public hearing on solar panels to solicit input on
the matter from the public. The consideration of this matter was based upon the question that, if solar panel
arrays are placed on a residential lot, do they have a greater impact than a normal accessory structure, which
are the guidelines that are used for such, so as to justify special provisions or conditions in association with
them. During this consideration, the Commission believed solar panel arrays and their respective installations
did create a greater set of impacts than typical accessory structures, such as swimming pools, storage
buildings, and decks. With the belief that solar panel arrays, both ground and roof-mounted types, have a
greater impact on properties, when placed in residential settings, i.e. all residential zoning districts and the NU
Non-Urban Residence District, the need for increased oversight and control by the City was necessary, which
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would ensure the impacts are minimized to the site itself, while protecting those homesites that have view
lines to them.
The Commission also believed this additional, and more detailed, review needed to be tiered to address the
impacts caused by the different types of mountings associated with solar panels. Thus, the Commission
recommended, and the City Council concurred, that all ground-mounted types of these structures would be
categorized as “conditional uses”, while roof-mounted types would be either an “accessory” structure, if not
visible from an adjoining/adjacent roadway, but, if so, a “conditional use”, thus requiring a permit. In July 2014,
the Planning and Zoning Commission completed its review of the proposed regulations governing solar panel
arrays and forwarded its recommendation to City Council for consideration and action. The City Council
concurred with the Commission’s recommendation, adopted these changes, and passed the legislation
(Ordinance #2028), thereby implementing these regulations for ground and roof-mounted solar panels.
Additionally, the following regulations apply to ground and roof-mounted solar panels:
1.

The support rack and framing that is to be installed be flush mounted on the roof of the dwelling, in
association with the solar panel arrays, and match the color of the shingles or other roofing
materials, as closely as possible.
2. The capping of the solar panel arrays that are used in this support rack and framing be a dark color
and/or match that of the roofing materials in use, as closely as possible.
3. Compliance with all subdivision declarations, covenants, restrictions, or rules/regulations is required
for any solar panel array installation.
4. The removal of woodlands to accommodate access to the sun be minimized and comply with all City
codes in this regard.
Again, the current request (P.Z. 2-19 Doug Gray, 16709 Westglen Farms Drive, Wildwood, Missouri, 63011, c/o Straight
Up Solar, Valerie A. Corey, 10330 Page Industrial Boulevard, St. Louis, Missouri 63132) is for roof-mounted solar panels,
which are to be placed, so as to be visible from the adjoining roadway in the R-1A 22,000 square foot Residence
District and R-3 10,000 square foot Residence District, with Planned Environment Units (PEU) approved by St.
Louis County in 1978. Thus, this request is subject to the Conditional Use Permit (CUP) process, which began
with the public hearing that was held on April 1, 2019, where the petitioner and his representative stated the
basis for the selected location for the panels, the environmental benefits the roof-mounted solar panels will
provide to the property owner and the overall environment, answered questions relating to their placement
and installation, and accepted any comments from interested parties. This permit process places the impetus
on the applicant to justify the request, along with allowing input from the applicant and surrounding property
owners, to ensure the request is fully considered, before a decision is made by the Planning and Zoning
Commission and City Council.

ZONING AND DEVELOPMENT HISTORY:
The site of this proposed request for a Conditional Use Permit (CUP) is an approximately 12,000 square foot
lot located on Westglen Farms Drive, a City-maintained arterial roadway, which is part of the Westglen Farms
Subdivision. The subject site is generally triangular in shape and has ninety-three (93) feet of frontage along
Westglen Farms Drive, and two hundred six (206) feet of depth. The dwelling on the subject lot was
constructed in 1995 and has 1,016 square feet of gross floor living area associated with it (St. Louis County
Assessor Records). The orientation of the dwelling is parallel to the street, which, at this location, is in a
southeast-northwest direction. As situated on the lot, the southernmost facing roofline is the front of the
dwelling and abuts the street. The lot itself is primarily turf, with several, large mature trees located around it,
two (2) of which are located in the front yard area. The residence is at an equal elevation with the street level,
with the lot sloping gradually to the rear.
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St. Louis County approved the Westglen Farms Subdivision in 1978. The zoning district designation of the
property includes the aforementioned R1-A 22,000 square foot and R-3 10,000 square foot Residence
District, with a Planned Environment Unit (PEU). This Planned Environment Unit (PEU) authorized in the
overall development’s boundaries a total of 414 single family dwellings on individual lots. This subdivision,
along with Evergreen Subdivision, located to the west of the Westglen Farms Subdivision, were the first two
(2) major residential developments in this part of west St. Louis County to be authorized by St. Louis County.
Combined these two (2) subdivisions added over 1,065 housing units in this general area, where low-density
development had been the predominant pattern for many, many years.
The R1-A 22,000 square foot and R-3 10,000 square foot Residence Districts allow a limited range of uses, of
which, single family dwellings on individual lots are most prevalent. Along with the primary use, these zoning
district designations also accommodate some institutional uses and certain non-residential types as well. The
City, by the granting of a Conditional Use Permit (CUP), may authorize solar panels – ground mounted and
roof-mounted types – in this residential setting. The roof-mounted types require a Conditional Use Permit
(CUP), if their installations are visible from an adjoining/adjacent street, such as this current request.

APPLICABLE REGULATIONS:
The current zoning district designation of this property limits potential permitted and conditional uses.
Accordingly, for the NU Non-Urban Residence District, the applicable regulations and list of potential
conditional uses includes the following from the City's Zoning Ordinance:
Chapter 415. Zoning Regulations
Section 415.140. "R-3" Residence District Regulations and Section 415.120 “R-1A” Residence District
Regulations
[Ord. No. 1324 App. A §1003.115, 8-14-2006; Ord. No. 1874 §1, 6-25-2012; Ord. No. 1880 §1, 8-13-2012; Ord. No. 1934
§1, 5-13-2013]
A. Scope Of Provisions. This Section contains the district regulations of the "R-3" Residence District. These
regulations are supplemented and qualified by additional general regulations appearing elsewhere in this
Chapter (Appendix), which are incorporated as part of this Section by reference.
C. Conditional Land Use And Development Permits Issued By The Commission. The following land uses and
developments may be permitted under conditions and requirements specified in Section 415.500
"Conditional Use Permits":
16a. Solar panels, all ground-mounted types. All roof-mounted types, if said installations are visible from
an adjoining/adjacent street(s).
[Ord. No. 2028 §§1 — 2, 4, 8-25-2014]
D. Accessory Land Uses And Developments. Subject to compliance with the procedures of this Section,
accessory buildings, structures and uses are permitted in conjunction with a permitted land use or
development or (unless restricted by applicable condition) a conditional land use or development when
such accessory building, structure or use is customarily found in conjunction with the primary use, is a
reasonably necessary incident to the primary use, is clearly subordinate to the primary use and serves only
to further the successful utilization of the primary use. Accessory uses include the following:
1.

Devices for the generation of energy, such as solar panels (roof-mounted types on rear and/or side of
dwellings and not visible from the adjoining/adjacent street(s) only), wind generators and similar
devices.
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[Ord. No. 2028 §§1 — 2, 4, 8-25-2014]
a. The support rack and framing that is to be installed be flush mounted on the roof of the dwelling,
in association with the solar panel arrays, and match the color of the shingles or other roofing
materials, as closely as possible.
b. The capping of the solar panel arrays that are used in this support rack and framing be a dark color
and/or match that of the roofing materials in use, as closely as possible.
c. Compliance with all subdivision declarations, covenants, restrictions, or rules/regulations is
required of any solar panel array installation.
d. The removal of woodlands to accommodate access to the sun be minimized and comply with all
City codes in this regard.

ANALYSIS:
The Planning and Zoning Commission utilizes many sources in making a determination relative to whether or
not a permit of this nature should be supported. The primary source in this case is compliance to the four (4)
criteria of Chapter 415.500 of the City’s Zoning Ordinance. If these conditions are met, then the Commission
can make a favorable recommendation on this matter and act accordingly. The following analysis focuses on
these four (4) criteria.
Four (4) Criteria of Zoning Ordinance: With regards to the review process required in determining the
appropriateness of a Conditional Use Permit (CUP) on a particular property (Chapter 415.500), the Commission
would note the following criteria must be addressed: (1.) the proposed developments and uses must be
consistent with good planning practice; (2.) the proposed developments and uses can be operated in a manner
that is not detrimental to the permitted activities in the district; (3.) the proposed developments and uses can
be developed and operated in a manner that is visually compatible with the permitted uses in the surrounding
area; and (4.) the proposed developments and uses are deemed essential or desirable to preserve or promote
the public health, safety, and welfare of the City. The petitioner has the burden of establishing the requested
use satisfies these standards and that there is a clear public necessity for it.
1.

The proposed developments and uses must be consistent with good planning practice >>> The
allowance for certain conditional types of uses in areas of Wildwood is often based upon the
surrounding land use pattern, the access to them from the system of public roadways, the availability
of a utility network, and their characteristics relative to noise, odor, and other potential nuisance
impacts. These considerations form the basis to determine if a conditional use is appropriate or not at
the requested location and consistent with good planning practice. If these considerations are
determined to be at such levels that even a slight intensification of the use of the property would be
detrimental to the area, then such is not consistent with good planning practice.
In the case of this requested conditional use, the intensification caused by the addition of the panels
to the dwelling has an environmental benefit, while not adding any additional noise, odor, traffic to
the area, or changing land use conditions in its vicinity. Preservation and conservation of the natural
environment is the first of the five (5) polices highlighted in the Plan of Intent, as the reason for the
incorporation of the City of Wildwood.
Thus, the proposed use of solar panels will reduce the petitioner’s carbon footprint and allow him to
create his own on-site renewable energy source. This renewable source will produce clean energy that
will decrease fossil fuel consumption and pollution. These aspects and benefits of the use of solar
panel arrays are in keeping with certain environmental goals of the City. These goals include the
following: Wildwood’s unique environment is one of its greatest assets and needs to be preserved and
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protected; and Wildwood can and should be a model for sustainable development practices. Based on
these goals, the decrease in pollution that results from the use of solar panels and their use as a
sustainable development practice protects the City’s unique environment and is in keeping with good
planning practices.
2. The proposed developments and uses can be operated in a manner that is not detrimental to the
permitted activities in the district >>> The petitioner currently resides in the subject dwelling
associated with this request and plans to remain, which is indicative of the compatibility of the
requested conditional use with the permitted land uses of the underlying zoning district designations
and their associated allowable uses. It is the Commission’s opinion the requested conditional use can
be granted to this property and not determinately affect any of the permitted uses in this zoning
district designation.
A table has been developed for the Planning and Zoning Commission by the Department of Planning
that indicates all authorizations by the City of solar panels. The table reflects widespread use in the
City, in all wards, and locations throughout it. The table is attached to this report. The acceptance and
use of solar panels, in conjunction with individual single-family dwellings, appears to indicate to this
Commission their suitability in residential settings and non-impact they have on their development,
sale, and re-sale.
Speakers at the public hearing and the comments received from the City’s website noted concerns
about the appearance of solar panels, i.e. degrading the character of the neighborhood, with some
residents of the subdivision noting them as unattractive; however, the Department did receive some
comments in support. More specifically, speakers at the public hearing, as well as Commission
Members, requested the Department conduct research relating to whether or not there is a
demonstrated impact on surrounding property values, when roof-mounted solar installations are
allowed in a residential neighborhood. The Department commissioned such research from the
American Planning Association’s (APA) Answer Inquiry Service. The research, which is attached as part
of the Background Information of this report, was summarized by the American Planning Association
(APA), in part, as follows:
“We [did not] find any studies looking specifically at the effects of the residential solar
installations on surrounding property values. While there are many anecdotal
references to neighboring property owners protesting solar installations based (at
least in part) on concerns that residential solar installations will lower nearby property
values, there does not seem to be any evidence to support this concern.”
The Department has reviewed the research materials provided by the American Planning Association
(APA) and concurs with its summary of the research. Other research provided studied various
comparisons of the values and sale prices of homes, with solar installations, over time and compared
to comparable homes without solar installations. Again, this research has been provided as part of the
Background Information of this report.
The Commission is acutely aware of those concerns expressed by nearby residents regarding solar
panel installations having an impact of the character of a neighborhood. These concerns are the
principal reason it created the requirements relating to solar panels and the conditions for their
installation on any lot in the City of Wildwood. The Planning and Zoning Commission does not desire
to authorize a permit that negatively impact an area, unless mandated by either the court system
and/or federal or State laws, none of which apply here. Additionally, given the results of the above
referenced research, the Commission believes the concerns regarding the impact of residential solar
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installations on adjacent property values would benefit from further study, but does not clearly cause
a reduction in property values, per the research.
Additionally, the Department of Planning visited the area to determine, as reasonably as possible, the
impacts of the installation of solar panels on this dwelling. The Department of Planning would note,
there are two (2) large trees in the front yard, which are planned to remain in place, that will provide
some screening of the proposed solar arrays as people travel in either direction along Westglen Farms
Drive.
3. The proposed developments and uses can be developed and operated in a manner that is visually
compatible with the permitted uses in the surrounding area >>> Based upon the petitioner’s
information submitted in support of this request, the planned changes to the property, if the
Conditional Use Permit (CUP) were granted, do comply with the requirements associated with all solar
panels to be placed in the City of Wildwood, with the intent to lessen the visual impact associated in
their placement and not change the surrounding area. These requirements include the following
items:
1.

The support rack and framing that is to be installed be flush mounted on the roof of the dwelling,
in association with the solar panel arrays, and match the color of the shingles or other roofing
materials, as closely as possible.
Complies - The petitioner’s representative has indicated the solar panel modules will be flushmounted and low-profile, which is also shown in the manufacturer cut-sheets that were provided.
Additionally, the proposed solar modules are dark in color, in order to complement the existing
dark colored (dark grey/black) roof and blend with its appearance.
2. The capping of the solar panel arrays that are used in this support rack and framing be a dark
color and/or match that of the roofing materials in use, as closely as possible.
Complies – The information provided by the petitioner’s representative indicated the capping and
support racks are black in color and intended to complement the proposed solar panel modules.
3. Compliance with all subdivision declarations, covenants, restrictions, or rules/regulations is
required for any solar panel array installation.
Complies – The petitioner’s representative has provided written approval of the proposed roofmounted solar panels from the Homeowner’s Association. This approval letter noted the trustees
unanimously endorse the installation of the solar panels. The trustees reached this decision based
on the results of a survey of the subdivision, which, although unscientific, appeared to be very
thorough, with one hundred thirty-five (135) responses. Additionally, the Department completed
two (2) mailing notifications regarding this request, which did lead to seven (7) comments of
opposition being received to date, two (2) of which were heard at the public hearing in April, and
three (3) supportive comments. The Department would note that, those most impacted homes,
those directly across the street from the subject site, did not respond to these two (2) mailing
notifications, either in support or opposition.
4. The removal of woodlands to accommodate access to the sun be minimized and comply with all
City codes in this regard.
Complies – The petitioner and his representative indicated no trees would be removed, as part of
the installation of the proposed roof-mounted arrays.
4. The proposed developments and uses are deemed essential or desirable to preserve or promote the
public health, safety, and welfare of the City >>> The granting of this Conditional Use Permit (CUP)
achieves several goals of the City in regard to its environmental objectives and policies. These
objectives and policies strive to limit impacts on the fragile environment and promote sustainable
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practices in terms of its resource base. Thus, roof-mounted solar panels that reduce such impacts, not
only benefit the homeowner directly in terms of long-term costs, but also the surrounding community
by lessening the amount of pollution caused by the use of fossil fuels. As noted by the petitioner at
the Public Hearing, the panel installation also has the potential to send excess power to Ameren UE,
thereby assisting it in electrical generation, resulting in a larger benefit than just to the subject
property.
Through the Commission’s review, it has determined the four (4) criteria set forth for the granting of a
Conditional Use Permit (CUP) are met by this low impact proposal to allow roof-mounted solar panels on this
single-family dwelling that will be visible from the adjacent roadway. The petitioner achieves this level of
compliance by adhering to the criteria associated for the installation and use of solar panels in this residential
setting. Additionally, as set forth in the regulations for Conditional Use Permits (CUPs), the underlying
requirements of the R-1A 22,000 square foot Residence District and R-3 10,000 square foot Residence District
cannot be lessened, so the single-family dwelling will retain the same characteristics of the properties in its
vicinity in terms of setback distances, height regulations, and other land use considerations of a similar nature.
SUMMARY AND RECOMMENDATION:
The Commission has determined the requested Conditional Use Permit (CUP) is consistent with the four (4)
required criteria for granting a Conditional Use Permit (CUP) it is required to consider from the Zoning
Ordinance. Therefore, the Planning and Zoning Commission hereby grants the Conditional Use Permit (CUP)
to the petitioner and recommends a favorable review of this action by the City Council.
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An Analysis of Solar Home
Paired Sales across Six States
by Sandra K. Adomatis, SRA, and Ben Hoen
Abstract
Solar photovoltaic (PV) installations on some US homes still receive no value during an appraisal because
comparable home sales are lacking. This first-of-its-kind study uses appraisal methods to evaluate sale price
premiums for owned PV systems on single-unit detached houses across six states that were also evaluated in
a large statistical study. The results provide strong, appraisal-based evidence of PV premiums in all the states
studied, and the results support use of cost- and income-based PV premium estimates when paired sales
analysis is impossible. The appraised premiums agree with statistical modeling results, which bolsters the
suitability of both approaches for estimating PV home premiums.

Introduction
As of the second quarter of 2015, over 725,000
residential properties had a solar photovoltaic
(PV) system installed, and almost 135,000 of
these systems had been installed in the first two
quarters of 2015 alone.1 Approximately 50% of
these properties are in California, but Hawaii,
Arizona, New Jersey, Colorado, and New York,
among others, are seeing robust markets for PV
installation as well. This rapid growth is related
to the dramatic reduction in installed PV costs
over the last ten years2 as well as federal, state,
and utility PV incentives and the rise of inno
vative financing, such as leased PV and zeromoney-down options.3 The growth in installations
has raised the question, How much value do PV
systems add to homes?
Valuing residential PV systems is a complex
appraisal assignment, and data are rarely ade
quate to provide accurate premium estimates.4 In
some market areas this is due to the lack of com

1.
2.
3.
4.
5.

parable PV home sales. If the lender’s underwriter
requires that the sales comparison approach use
the sale of a similar property with a PV system,
and such a comparable sale is not available, this
can result in zero value assigned to the PV sys
tem. Such a requirement is an individual lender’s
underwriting guideline, not a secondary mort
gage market guideline.5
Underwriters reviewing residential real estate
transactions prefer to support the value of a fea
ture using a paired sales analysis in which at least
one sale includes the same feature as the home in
question. It is difficult, however, to pair sales
accurately in a market that has incomplete report
ing of property conditions, varying seller and
buyer motivations, and sale prices that may not
reflect the definition of market value.
Literature Review

A limited number of PV home value studies
have been published in the past ten years. Only a
few of these have been by real estate appraisers

Solar Energy Industries Association (SEIA) and GTM Research, U.S. Solar Market Insight: Q2 2015 (Washington, DC: Solar Energy
Industries Association, 2015).
Galen Barbose and Naïm Darghouth, Tracking the Sun VII: An Historical Summary of the Installed Price of Photovoltaics in the
United States from 1998 to 2014 (Berkeley, CA: Lawrence Berkeley National Laboratory, August 2015).
SEIA and GTM Research, U.S. Solar Market Insight.
Ibid.
That is, it is not a Fannie Mae, Freddie Mac, Federal Housing Administration (FHA), or Department of Veterans Affairs (VA) guideline
for lending.
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using standard appraisal methods, including stud
ies of Oregon6 and the Denver metro area.7 Both
of these studies find evidence of PV home price
premiums.
In addition, three large-scale statistical analyses
using hedonic pricing models have been con
ducted. A study by Hoen, Cappers, Wiser, and
Thayer8 investigates almost 4,000 sales across
eight states, with most sales in California. Other
studies analyze a smaller data set of homes in
California9 and in San Diego and Sacramento.10
Each of these studies shows premiums for homes
with PV systems.
Hedonic pricing models employ accepted sta
tistical measures of confidence to provide statisti
cally defensible estimates of the marginal price
differences associated with various home charac
teristics across a large sample of homes. Although
researchers prefer such models, many appraisers
and their lending clients do not, because they are
often unfamiliar with the statistical methodol
ogy. In addition, they would be unable to easily
access a large enough sample size (hundreds of
sales or more) for the analysis. Moreover, paired
sales methodology is well suited to examine the
effects on a single home, which is often the
assignment, rather than a broad group of homes
as would be the case for the hedonic models.
Finally, appraisers are forbidden to use the work
of others if they do not understand the methodol
ogy and cannot attest to its credibility, per the
Uniform Standards of Professional Appraisal
Practice (USPAP); this would be the case with
most appraisers and hedonic modeling.11 There
fore, although both methods are similar—in that
they both adjust for differences in selling price
based on the underlying characteristics—apprais
ers and their lending clients typically employ

studies that use paired sales.
The current study helps bridge this gap between
the two methods by comparing them directly
through the analysis of a sampling of data
from Hoen et al.,12 using paired sales techniques.
This first-of-its-kind research effort draws on
evaluations of individual market areas by local
appraisers, who are intimately aware of the
local market conditions and the relationship
between prices and home features. After detail
ing the paired sales results, those results are
compared to the hedonic modeling results from
Hoen et al. and conclusions are drawn. Recom
mendations are also provided for improving PV
system valuation techniques.

Methodology
This study uses appraisal methods to evaluate sale
price premiums for owned PV systems on sin
gle-unit detached houses in areas covered by the
recent Lawrence Berkeley National Laboratory
(LBNL) study.13 LBNL provided data for a large
number of PV home sales that took place between
2011 and 2013, clustered in relatively populous
areas across six states: California, Oregon, Flor
ida, Maryland, North Carolina, and Pennsylva
nia. Seven appraisers were selected to analyze
these data based on their knowledge of the local
markets, access to multiple listing service (MLS)
data, and experience with PV sales. These apprais
ers developed the 43 home sales pairs used for this
study across the six states. All the pairs were
reviewed and, in some cases, other local apprais
ers were consulted to enhance the accuracy of
value estimates. Each of the seven appraisers were
asked to perform the following tasks:

6. Taylor Watkins, Market-Based Investigation of Residential Solar Installation Values in Oregon (Portland, OR: Energy Trust of Oregon,
September 2011).
7. Lisa K. Desmarais, The Impact of Photovoltaic Systems on Market Value and Marketability: A Case Study of 30 Single-Family Homes
in the North and Northwest Denver Metro Area (Denver: Colorado Energy Office, 2013).
8. Ben Hoen et al., Price Premium Analysis of a Multi-State Dataset of Solar Homes: Host-Owned Rooftop Solar Adds Significant Value
to U.S. Homes across 8 States (Berkeley, CA: Lawrence Berkeley National Laboratory, 2015).
9. Ben Hoen et al., An Analysis of the Effects of Photovoltaic Energy Systems on Residential Selling Prices in California (Berkeley, CA:
Lawrence Berkeley National Laboratory, 2011); and Ben Hoen et al., “Residential Photovoltaic Energy Systems in California: The
Effect on Home Sales Prices,” Contemporary Economic Policy 31, no. 4 (October 2013): 708–718.
10. Barbara C. Farhar, “Advancing a Market for Zero-Energy Homes,” Solar Today 22, no. 1 (January/February 2008): 24–29; and Samuel
R. Dastrup et al., “Understanding the Solar Home Price Premium: Electricity Generation and ‘Green’ Social Status,” European Economic
Review 56, no. 5 (2012): 961–973.
11. Appraisal Standards Board, Uniform Standards of Professional Appraisal Practice, 2016–2017, Standards Rule 2-3, lines 858–862.
12. Hoen et al., Price Premium Analysis of a Multi-State Dataset.
13. Ibid.
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• Research the PV sales to establish they met
the definition of market value
• Identify sales that included PV systems that
were not mentioned in the MLS listing
• Compare MLS data to public record data on
the PV sale and any sale used in the analysis
• Develop a credible paired sales analysis using
a sample table to estimate the difference in
value between PV and non-PV properties
• Collect information about time on the mar
ket for all transactions
• Estimate gross costs of the PV system as of
the date of the PV home sale
• Identify incentives as of the date of the sale
and estimate the net cost of the system
In addition to the appraisers’ paired sales and
cost estimates, contributory value income esti
mates are developed using the Photovoltaic
Energy Valuation Model, or PV Value® tool.14
This section describes the paired sales, cost, and
income methods as well as the method for calcu
lating time on the market.
Paired Sales Analysis

A paired sales analysis compares the sale price of
a property with a feature of interest (here, a PV
system) to the price of a similar property sold
recently without the feature. After adjusting for
home differences, the difference in the sale prices
attributed to the study feature can be identified.15
Increasing the number of pairs evaluated increases
the certainty of the feature’s influence on value,
as does a tight range of price premium results. A
study that is inconclusive owing to a wide range of
premiums can occur for a variety of reasons, most
often because the paired homes are too different
to be compared accurately. Paired sales analysis is
difficult and time-consuming for the following
reasons:
• Few sales of almost-identical properties, in
the same area and selling within a reasonable
period, occur on a regular basis.
• Home condition, motivation of buyer and
seller, and financing can affect prices paid;

these factors must be accounted for to ensure
both sales meet the definition of market
value and do not skew the results.
• Just as with the study feature (PV system),
adjustments for non-study features must be
quantifiable and market based to provide
credible results.
Cost Approach

The cost approach estimates the replacement cost
of the PV system. A typical buyer would consider
the replacement cost of a system as of the date of
the house purchase, and not the original price
paid for the system. Therefore, the appraiser must
use cost estimates as of the sale date or appraisal
date, not the date of installation. This is espe
cially important because, over the past three
years, installed PV system prices have declined
dramatically as have the incentives paid by fed
eral, state, and local governments to spur solar
deployment.
A variety of resources can help appraisers estab
lish the gross PV replacement cost as of the sale
date. Such resources include the publicly avail
able incentive databases, the Solar Energy Indus
tries Association (SEIA), local installers, the
National Renewable Energy Laboratory (NREL),
and records of known purchases. The cost
approach considers depreciation, which is the dif
ference between the new cost and the amount the
market is willing to pay on the specified date (also
known as contributory value). Depreciation is dif
ficult to calculate when a feature is new to the
market and limited sales are available.
For this study, a gross cost and a net cost are
established. The net cost is calculated as the gross
cost less federal, state, and utility incentives
available at the time of sale. It is assumed that
homeowners consider the incentives at the time
of sale; thus, the net cost is used to represent
the depreciated value that best captures what the
market is willing to pay. The gross and net costs
are not depreciated in this study. Some data
suggest the sale price premium for PV system is
similar to the net cost; therefore, the incentives

14. One anonymous reviewer noted the PV in PV Value could be misconstrued as meaning present value. In this case it refers to photovoltaic,
but coincidently, the tool does employ a present value calculation. For more information on the PV Value tool, see Geoffrey T. Klise, Jamie
L. Johnson, and Sandra K. Adomatis, “Valuation of Solar Photovoltaic Systems Using a Discounted Cash Flow Approach,” The Appraisal
Journal (Fall 2013): 316–331, and Energy Sense Finance at http://www.energysensefinance.com/products.
15. The types of features requiring adjustment in the paired sales analysis include market conditions (such as date of sale), concessions paid
by the seller, site size, view amenities, age, gross living area, bathrooms, bedrooms, pools, porches, garage size, quality, and condition.
The adjustments are based on the local market’s reaction to the feature, and they would vary with the market and housing price range.
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and rebates are taking the place of depreciation
normally applied in the appraisal process.16 By
examining premiums in relation to net and gross
cost estimates, this study can provide valuable
support for potential rates of PV system deprecia
tion in the market.17
Income Capitalization Approach

The income capitalization approach18 is useful for
valuing items with a quantifiable income stream,
such as a rental property or PV system. The value
of income received over time is discounted and
summed to a present value, because money
received in the future is not worth the same as
money received today, and a homeowner is
expected to discount the income stream using a
rate similar to an alternative investment with
similar risks.
In the study, PV income values are estimated
for each PV sale in the paired sales analysis using
the PV Value tool, a free web-based valuation
tool developed by Energy Sense Finance based on
prior work.19 PV Value estimates PV energy out
put, discounts the value of the energy produced to
the present, and then sums the discounted savings
over the PV system’s expected lifetime—based on
the remaining warranty period of the PV panels—
to provide a present value estimate.20 Most war
ranties are 25–30 years, and in the study a 25-year
warranty is assumed when the actual warranty
term is not available. Other inputs include the
size and age of the system, home site address (to
derive geographic characteristics such as weather,

latitude, and longitude), the estimated tilt and
azimuth of the system,21 the electric retail rate at
the time of sale, the estimated utility rate escala
tion similar to the historical escalation, and the
discount rates as of the time of sale. The discount
rate used is equivalent to 50–200 basis points over
the 90-day Fannie Mae fixed-rate 30-year mort
gage.22 The copyrighted algorithm default param
eters assume a module degradation factor of 0.5%
per year and an expected inverter replacement at
15 years. Data from the NREL’s PVWatts and
Developer Network websites,23 and from the US
Energy Information Administration “Average
Price by State Provider” website are used to esti
mate the energy produced by the system, average
retail electric rates, and average electrical escala
tion rate.
The estimation procedure produces a set of low,
average, and high estimates of the present value
of expected energy output, based on a risk pre
mium of 200, 125, and 50 basis points above the
base interest rate or weighted average cost of cap
ital, respectively. The average value was used
throughout this study. For California homes,
where a tiered volumetric rate structure is pres
ent, the PV Value “default” average electric rate is
likely lower than rates paid by the typical PV
homeowner in this market.24 Therefore, for Cali
fornia homes, the high estimate might better
compensate for this difference. Although not
employed for this study, PV Value provides an
option to input a custom electric rate to match
the homeowner’s actual utility rate.25

16. For example, see Hoen et al., Price Premium Analysis of a Multi-State Dataset, which shows that PV premiums are highly correlated
with net cost estimates.
17. Depreciation, as used by appraisers, is the cost new without any reductions for incentives, less the value the market is willing to pay.
Therefore, this study examines if the net cost is similar to the depreciated amount.
18. Also known as discounted cash flow analysis.
19. Jamie L. Johnson and Geoffrey T. Klise, PV Value® User Manual v. 1.1 (Albuquerque: Sandia National Laboratories, September 1, 2012),
http://energy.sandia.gov/wp-content/gallery/uploads/PV_Value_v1_1_user_manual.pdf; Jamie L. Johnson, Factors to Consider for a
PV Valuation Model (Tampa: Solar Power Electric, 2010).
20. Klise, Johnson, and Adomatis, “Valuation of Solar Photovoltaic Systems.”
21. When the tilt and azimuth were not available, they were estimated based on Google Satellite Maps and the Solmetric Roof Azimuth
Tool, http://tools.solmetric.com/Tools/RoofAzimuthTool.
22. Fannie Mae, “Required Net Yields to 1985,” https://www.fanniemae.com/singlefamily/required-net-yields-to-1985.
23. The PVWatts calculator is a basic solar modeling tool that calculates PV energy production based on minimal inputs; see
http://pvwatts.nrel.gov and https://developer.nrel.gov.
24. Naïm R. Darghouth, Galen L. Barbose, and Ryan H. Wiser, “The Impact of Rate Design and Net Metering on the Bill Savings from Distributed PV for Residential Customers in California,” Energy Policy 39, no. 9 (2011): 5243–5253. California Public Utilities Commission,
California Net Energy Metering Ratepayer Impacts Evaluation (San Francisco: California Public Utilities Commission, 2013).
25. One reviewer suggested it would be best to use a blended rate that takes into account the weighting by tier, which would better reflect
the average rate of the homeowner. Although this would be appropriate for future users of the tool, doing so is beyond the scope of the
current analysis because we could not obtain individual home consumption and, therefore, the appropriate weighted rate.
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Exhibit 1  Summary of Paired Sales Preparation Process

State
CA

Market
San Diego Metro Area

Step 1

Step 2

Step 3

Step 4

Original
Sales

Non-Market
Value

PV System
Not Identified
in MLS

Comparable
Home Not
Available

Additional
Sales
Discovered

76

-28

-2

-33

13

Final Set
of Paired PV
Home Sales

FL

Gulf Coast

13

-3

-5

4

MD

Baltimore Metro Area

13

-4

-6

3

NC

Raleigh Metro Area

23

-6

-2

-8

7

OR

Portland Metro Area

39

-9

-2

-19

9

OR

Bend Metro Area

22

-20

2

PA

Southeast Portion
Total

22
208

-50

Days on the Market

The appraisers hired for this study examined the
number of days a property was listed before selling
to determine if PV homes sell at a different rate
than paired non-PV homes. They calculated the
time between the contract date and the most
recent MLS listing date. If a listed home price
changed, or if the listing was removed and the
home was relisted, only the most recent change
was used. The same rules were applied to PV and
non-PV homes.26
Data

This analysis uses a subset of the almost 4,000 PV
home transactions analyzed by Hoen et al., con
sisting of sales from the following markets: San
Diego metro area; Florida Gulf Coast area; Balti
more metro area; Raleigh metro area (North Car
olina); Portland and Bend metro areas (Oregon);
and the southeast portion of Pennsylvania.27
In each market area, the local appraiser was
given data on PV home sales drawn from the
larger data set, almost entirely from the most
recent years (2011 through 2013). The sales for
the hedonic analysis were drawn from public
records (mostly from county assessor and deed
recorders offices) and were not separately verified.
Therefore, the appraiser in each area culled the
transactions to produce a final set appropriate for

-7

-19

2

5

-110

2

43

the paired sales analysis. Although this resulted in
a smaller data set, it enabled the appraisers to be
more confident in the results.28
Exhibit 1 summarizes the data preparation pro
cess for each market area. In Step 1, the apprais
ers determined if sales would be considered
market value29 transactions. Sales not considered
market value were eliminated, including short
sales, sales between private parties, and, more
commonly, sales not listed in the MLS that were
thus unverifiable. In Step 2, the appraisers elimi
nated sales for which PV systems were not listed
in the MLS to ensure that the system was mar
keted properly to all potential buyers. In addi
tion, for two sales the sale date preceded the
reported installation date; thus the sales could
not be considered PV home sales, and these sales
were eliminated. In Step 3, the appraisers elimi
nated all PV home sales for which a comparable
non-PV home sale could not be identified. In
addition, homes that were not single-family,
detached structures—such as townhouses and
manufactured homes—were eliminated, because
those are not the focus of this study. Finally, in
Step 4, the appraisers added homes to the data set
in areas where additional appropriate PV homes
were discovered.
Out of the 208 sales provided to appraisers in
all market areas, 50 sales (24%) were eliminated

26. An anonymous reviewer noted that if prior listings are ignored it is much less likely to find a difference in days on the market.
27. Hoen et al., Price Premium Analysis of a Multi-State Dataset. The Portland and Bend metro areas were not included in that analysis because
of limitations to the data for those areas, but those metro areas were appropriate for this analysis and therefore have been included.
28. This screening process was in addition to the one employed in Hoen et al. Price Premium Analysis of a Multi-State Dataset as described
in Section 3 and footnote 17 of that report.
29. Rules and Regulations, 55 Fed. Reg. 65 (August 24, 1990).
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because they were not considered market value
transactions or information about the transac
tion was not readily available, 7 sales (3%) were
eliminated because information about the PV
system was not shown in the MLS listing or the
sale preceded the PV installation date, and 110
sales (53%) were eliminated because no compa
rable non-PV home sales were found or they were
not single-family detached structures. Two PV
home pairs were added that were not part of the
original data set. None of the homes had leased
PV systems.
The percentage of non-usable sales, therefore,
was higher than 75%. This underscores how
difficult it is for appraisers to develop usable
paired sales of PV homes.30 Thus, it is essential
to have other methods to value PV, such as the
income or cost approaches; this is discussed later
in this article in the context of recommended
future work.
The final data set consists of 43 PV home trans
actions and a similar number of comparable
non-PV home transactions. Of these, 13 PV home
sales were in California, and 30 sales were outside
of California.
A summary of the full data set is shown in
Exhibits 2 and 3. The average PV home in
the data set sold for $431,964 (median $405,000)
in November 2012. The earliest sale occurred
in May 2010 and the most recent in October
2014, with 90% occurring between July 2011
and December 2013. The minimum sale price
for PV and non-PV homes was $139,900, and
the maximum was $1,050,000, with 90% of
the sales ranging from $180,000 to $680,000.
The gross adjustments of the non-PV homes
ranged from 0% to 16.87%, with 80% being
below 9%.31 The average PV system size was
3.8 kW (median 3.9 kW), and the average age
was 2.7 years (median 2.2 years). The sizes of
the systems ranged from 1 kW to almost 10 kW,
but 90% fell between 2 kW and 6.25 kW. The
ages of the systems ranged from new (0 years) to
more than 11 years, with 90% between just less
than 1 year and 7.25 years.

Results
Warning to Users of This Study

This study includes sales mostly occurring
between 2011 and 2013, and it may not be appro
priate to apply these premiums to sales outside
this timeframe.
This study focuses on homes with host-owned
PV systems, thus its results are not applicable to
homes with leased/third-party-owned PV systems.
Additionally, this study only includes PV systems
that use crystalline-silicon panels. It does not
address thin-film PV or PV systems built into
asphalt shingles or tile roofing. Thin-film PV and
PV systems built into asphalt shingles or tile roof
ing may vary in efficiency from the systems in this
study, and adjustments to the derate factor and
degradation rates used in the PV Value tool might
need to be made.
Finally, this study does not address potential
sale price implications related to the location of
the PV systems. Future study is necessary to
understand if locating PV panels on the front of a
house versus the rear of the house or orienting
them differently (e.g., east or west facing instead
of south facing) impacts the sale price premium.
State-Level Results

Southern California—San Diego Metro Area. All

paired sales in the San Diego metro area show a
price premium for homes with PV systems. The
average premium is $17,127, which is 3.37% of
the sale price or $4.31 per watt (W) of the
installed PV system. The per-watt premium is
considerably lower than the average gross cost
estimate of $5.96/W but similar to the average net
cost ($4.00/W) and average income ($3.67/W)
estimates.32 This California market is the most
mature of all the markets studied, with an oldest
PV system of 11.4 years old, but the mean age is
only 4.2 years. Therefore, although the data span
a relatively large set of ages, most systems are rel
atively young. Further study is required to track
market reaction to older systems, e.g., those more
than 10 years old.

30. This issue will continue to persist until adoption rates of solar increase to levels found for other non-standard home amenities.
31. The gross adjustment to each comparable non-PV sale price is calculated by adding the absolute values of all positive and
negative adjustments. Appraisal Institute, The Dictionary of Real Estate Appraisal, 6th ed. (Chicago: Appraisal Institute, 2015),
s.v. gross adjustment.
32. For all income estimates noted in this section, the average PV Value estimate is used. However, the default PV Value average electric
rate is likely lower than rates paid by the typical PV homeowner in this California market, where tiered volumetric rates are prevalent.
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Exhibit 2  Combined Set of Paired Sales Premiums and Contributory Value Estimates

Paired
Sale

ST

Location

Total PV
Premium
($)

Sale
Price
Premium
($/W)

Gross
Cost
($/W)

Net Cost
($/W)

Low
Income
Estimate
($/W)

Average
Income
Estimate
($/W)

High
Income
Estimate
($/W)

Sale Price
of PV
Home ($)

Premium
as %
of Sale
Price

1

CA

Chula Vista

20,700

5.05

6.11

4.14

3.61

3.89

4.20

400,000

2

CA

Chula Vista

11,000

3.67

6.37

4.32

3.62

3.91

4.23

836,000

5.18
1.32

3

CA

El Cajon

16,800

3.72

6.11

4.14

3.61

3.90

4.22

575,000

2.92

4

CA

LaJolla

15,000

3.21

5.63

3.80

2.17

2.30

2.43

1,050,000

1.43

5

CA

San Diego

5,850

4.09

6.37

4.32

2.06

2.18

2.31

675,000

0.87

6

CA

San Diego

30,850

6.02

6.37

4.32

2.95

3.14

3.36

499,000

6.18

7

CA

San Diego

52,500

7.53

6.37

4.32

4.07

4.40

4.78

500,000

10.50

8

CA

San Diego

16,580

6.09

6.11

3.77

3.72

4.02

4.34

535,000

3.10

9

CA

Chula Vista

5,000

2.46

5.59

3.77

3.95

4.28

4.65

455,000

1.10

10

CA

El Cajon

5,000

1.46

5.59

3.77

3.31

3.56

3.82

475,000

1.05
2.39

11

CA

El Cajon

11,970

5.70

5.59

3.77

4.02

4.37

4.75

500,000

12

CA

Alpine

14,500

2.80

5.63

3.80

4.08

4.42

4.80

436,500

3.32

13

CA

Lemon Grove

16,900

4.27

5.59

3.77

3.14

3.38

3.64

379,000

4.46
10.87

14

FL

Davenport

17,941

3.62

5.60

3.81

2.24

2.42

2.62

165,000

15

FL

North Port

10,100

4.83

5.60

3.92

1.68

1.82

1.98

150,000

6.73

16

FL

Palm Harbor

15,000

3.75

4.00

2.80

2.44

2.63

2.84

405,000

3.70

17

FL

Lakewood Ranch

8,000

1.60

5.30

3.57

1.58

1.69

1.82

188,000

4.26

18

PA

Ambler

15,224

3.55

4.58

3.21

2.49

2.70

2.92

645,124

2.36
2.34

19

PA

Ambler

15,124

3.53

4.58

3.21

2.49

2.70

2.92

645,124

20

PA

Flourtown

18,000

2.87

5.44

3.80

1.85

1.99

2.15

344,000

5.23

21

PA

Macungie

17,575

4.57

6.10

4.27

1.60

1.75

1.91

290,000

6.06
2.66

22

PA

Garnett Valley

15,960

1.66

5.44

3.80

1.58

1.70

1.84

600,000

23

NC

Cary

3,400

1.06

6.60

3.00

1.39

1.50

1.63

250,900

1.36

24

NC

Cary

15,499

3.23

5.30

2.41

1.60

1.75

1.92

309,999

5.00

25

NC

Durham

8,400

1.83

5.30

2.41

1.54

1.67

1.82

289,000

2.91

26

NC

Durham

6,775

3.07

5.70

2.59

1.80

1.97

2.15

352,117

1.92
0.71

27

NC

Durham

2,431

1.10

5.70

2.59

1.81

1.98

2.17

344,273

28

NC

Durham

4,000

0.96

7.30

3.32

1.46

1.58

1.71

243,000

1.65

29

NC

Holly Springs

38,100

7.53

5.30

2.41

1.51

1.64

1.77

325,000

11.72
0.95

30

MD

Laurel

3,900

3.90

4.80

3.80

2,34

2.55

2.79

411,000

31

MD

Timonium

23,800

4.05

4.80

3.24

2.32

2.51

2.71

575,000

4.14

32

MD

Gambrills

13,300

3.50

4.80

3.18

1.89

2.03

2.19

535,000

2.49
1.97

33

OR

Portland

7,900

3.32

5.46

3.32

0.93

1.01

1.11

401,000

34

OR

Portland

6,900

2.35

5.46

1.83

1.64

1.80

1.98

467,900

1.47

35

OR

Portland

0

0.00

4.97

1.48

1.78

1.96

2.15

274,000

0.00

36

OR

Portland

7,400

2.58

4.97

1.83

1.64

1.80

1.98

444,500

1.66

37

OR

Portland

8,000

3.33

4.97

1.48

1.70

1.85

2.03

475,000

1.68

38

OR

Beaverton

18,800

6.27

4.97

1.48

0.98

1.06

1.15

300,000

6.27

39

OR

Oregon City

14,400

3.48

5.46

2.14

1.84

2.03

2.25

240,000

6.00

40

OR

King City

16,100

6.56

4.97

1.48

1.44

1.56

1.70

290,000

5.55

41

OR

North Plains

15,900

7.36

4.97

1.48

1.54

1.67

1.82

345,000

4.61

42

OR

Bend

9,500

4.04

4.97

1.48

2.05

2.23

2.43

559,000

1.70

43

OR

Bend

36,050

6.96

4.97

2.00

2.42

2.64

2.89

395,000

9.13

14,329

3.78

5.48

3.10

2.27

2.46

2.67

431,964

3.74

14,500

3.55

5.46

3.32

1.87

2.03

2.25

405,000

2.91

Mean
Median
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Exhibit 3  Combined Set of Days on Market, PV System Information, and Electric Rate Information

Paired
Sale

Total PV
Premium
($)

Size
System
(kW)

Age
System
(yrs)

Sale
Date

PV Home
Days on
Market

Non-PV
Home
Days on
Market

Electric
Cost
($/kWh)

Est. Yrly
Electric
Escalation
Rate (%)

Sale Price
of Comp.
House ($)

Adjustment
of Comp.
(%)
13.4

1

20,700

4.1

3.60

8/31/2012

10

113

0.164

2.89

339,000

2

11,000

3.0

2.20

4/3/2012

30

7

0.164

2.89

825,000

0.0

3

16,800

4.5

2.50

7/21/2012

9

10

0.164

2.89

550,000

10.6

4

15,000

4.7

11.41

11/16/2012

50

56

0.167

4.24

1,050,000

1.4

5

5,850

1.4

10.58

4/17/2012

35

8

0.164

2.93

665,000

8.1

6

30,850

5.1

7.12

5/24/2012

77

2

0.164

2.93

440,000

12.1
16.9

7

52,500

6.3

1.20

6/26/2012

18

21

0.164

2.93

440,000

8

16,580

2.7

2.50

6/15/2012

24

35

0.164

2.93

529,000

2.0

9

5,000

2.0

1.67

5/13/2013

4

5

0.167

2.85

450,000

0.0

10

5,000

3.4

4.75

4/20/2013

10

7

0.167

2.82

470,000

0.0

11

11,970

2.1

0.50

5/11/2013

21

9

0.167

2.85

520,000

6.1

12

14,500

5.2
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Florida—Gulf Coast Area. All paired sales in the

Florida Gulf Coast area show a price premium for
homes with PV systems. The average premium is
$12,760, which is 6.39% of the sale price or
$3.45/W of the installed PV system. The per-watt
premium is considerably lower than the average
gross cost estimate of $5.13/W, similar to the aver
age net cost estimate ($3.53/W), and considerably
higher than the average income estimate ($2.14/W).
This is a young PV market—the average PV system
is around 3 years old, and none is more than 4 years
old. Future efforts should be made to understand
the market’s reaction to these PV systems over the
next five years, when data should be more preva
lent, especially for older systems.

Maryland—Baltimore Metro Area. All paired sales

in the Baltimore metro area show a price premium
for homes with PV systems. The average premium
is $13,667, which is 2.52% of the sale price or
$3.82/W of the installed PV system. The per-watt
premium is considerably lower than the average
gross cost estimate of $4.80/W, similar to the aver
age net cost estimate ($3.41/W), and higher than
the average income estimate ($2.36/W).

North Carolina—Raleigh Metro Area. All paired

sales in the Raleigh metro area show a price pre
mium for homes with PV systems. The average
premium is $11,229, which is 3.61% of the sale
price or $2.68/W of the installed PV system. The
per-watt premium is considerably lower than the
average gross cost estimate of $5.89/W, identical to
the average net cost estimate ($2.68/W), and con
siderably higher than the average income estimate
($1.73/W). PV systems in this region are less than
3 years old, suggesting the area is new to residential
PV systems. Some of the PV sales were in new sub
divisions where all homes included PV systems.
These sales could not be paired owing to a lack of
similar non-PV home sales. As this market grows
with new construction including PV systems, sale
price premiums should become easier to identify.

Oregon—Portland Metro Area. Eight of the

nine paired sales in the Portland, Oregon, metro

area show a price premium for homes with PV
systems. The average premium is $10,600, which
is 3.25% of the sale price or $3.92/W of the
installed PV system. The per-watt premium is
considerably lower than the average gross cost
estimate of $5.13/W but considerably higher
than the average net cost ($1.84/W) and income
($1.64/W) estimates. The net costs are much
lower than net costs in other areas; however, the
net cost in this area includes an incentive that is
paid back over a four-year period, although the
full amount was included in the net cost esti
mate. The typical buyer may only be considering
the first-year incentive amount.33 The local
appraiser in the study suggested the market also
might be inflating prices based on green cachet,
which would occur when additional value is
placed on green energy items that are scarce in
the market.34
Oregon—Bend Metro Area. Both paired sales in

the Bend, Oregon, metro area show a price pre
mium for homes with PV systems. The average
premium is $22,775, which is 5.41% of the sale
price or $5.50/W of the installed PV system. This
premium is similar to the gross cost contributory
value estimate of $4.97/W, yet considerably
higher than both the net cost ($1.74/W) and the
average income ($2.44/W) estimate.

Southeastern Pennsylvania Area. All paired sales
in the Southeastern Pennsylvania area show a
price premium for homes with PV systems. The
average premium is $16,377, which is 3.73% of
the sale price or $3.24/W of the installed PV sys
tem. The per-watt premium is considerably lower
than the average gross cost estimate of $5.23/W,
similar to the average net cost estimate ($3.66/W),
and considerably higher than the average income
estimate ($2.17/W). All the PV systems are 2.5
years old or younger. This is a new market to resi
dential PV. The appraiser reported a frequent
motivation for installing PV in this area was to
provide power during blackouts, which are com
mon in the area. The average PV system size is
larger than in the other states studied.

33. Oregon’s state solar tax credit is the lower of $1.90/W or $6,000, which would be applied for any system larger than 3,157 W. The
incentive is taken over 4 years. If the market heavily or entirely discounts the payments received in years 2 through 4, then it would
be appropriate to adjust the net cost up. Assuming a 100% discounting of these payments, the net cost would be 1.43/W higher or
$3.27/W. This is more in line with the paired sale premium.
34. Dastrup et al., “Understanding the Solar Home Price Premium.”
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Exhibit 4 Average PV Home Premium and Contributory Value Estimates ($/W)
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Note: The error bars (I) around the average income estimate represent the low and high PV Value estimates.

Six-State Combined Results

Exhibit 2 shows results for all the paired sales in
the study. The average premium for all study areas
is $14,329, which is 3.74% of the average sale
price and equates to $3.78/W for the average-sized
PV system. This premium is considerably lower
than the average gross cost estimate of $5.48/W,
somewhat higher than the average net cost esti
mate ($3.10/W), and considerably higher than
the average income estimate generated with the
PV Value tool ($2.46/W). The premium as a per
centage of the home sale price is an inconsistent
metric that varies widely by the size of PV systems
and the price range of homes.
Exhibit 4 summarizes the results by state. Aver
age income estimates are shown with the error
bar representing the low and high estimates. The
sale price premiums closely follow the net cost in
five of the six states, with Oregon being the

exception. None of the premiums follows (i.e., is
statistically identical to) the gross cost or income
estimates, regardless of whether low, average, or
high values are used.35 That notwithstanding,
some interesting correlations exist. For example,
the income estimates and the premiums across all
states, not including Oregon, are correlated,
implying that they move in a similar direction.36
This is not true when Oregon is included. The
premiums and gross cost estimates are not cor
related with or without Oregon included.
As noted earlier, finding credible pairs of sales
was very difficult in all locations, so using alter
native valuation methods might sometimes be
the only way appraisers and valuation pro
fessionals can value the PV system credibly.
Some underwriters and some representing the
secondary mortgage market believe that the
paired sales method is the only viable method,

35. T-tests indicate a non-statistically significant difference between the premium and the net cost in all states but Oregon. It follows that
the t-test for the premium and net cost for all states combined (excluding Oregon) is not statistically significant (p-value 0.7542) indicating they are not statistically different from each other. For the five non-Oregon states, t-test differences are statistically significant
between the premium and the gross cost (-$1.98/W, p-value 0.000) and between the premium and the PV Value average income
estimate ($0.93/W, p-value 0.026), indicating they are statistically different.
36. Although not statistically identical (as tested via a t-test and noted above), the premiums and average income estimates are highly
correlated in all states when Oregon is not included (r = 0.38, p-value 0.03) but are not highly correlated when Oregon is included
(r = 0.20, p-value 0.18). The premiums are not correlated with gross cost estimates when Oregon is included (r = -0.07, p-value 0.63)
or when Oregon is not included (r = 0.01, p-value 0.95).
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but these results show the cost approach and the
income capitalization approach are both worthy
replacements.
Turning back to the full set of results, Exhibit 3
shows days on market information for all the
paired sales and information about electric rates.
In aggregate, the PV and non-PV homes sold at a
similar pace: the mean for all the sales is 48 days
for PV homes (median 21 days) and 40 for non-PV
homes (median 12 days). Exhibit 5 summarizes
the days on market by state. In four of the six
states, which make up 80% of all the sales, non-PV
homes sell more quickly on average, but the oppo
site is true in Maryland and North Carolina.
Overall, 18 of the 43 PV homes studied sold more
quickly than their corresponding non-PV homes
(Exhibit 3). In summary, there appears to be no
clear days-on-market difference in this sample
between PV and non-PV homes.37
Exhibit 6 combines per-state average retail
electric rates (right axis, $/kWh) and annual
retail escalation rates (right axis, %/year) with
the average premiums and income estimates (left
axis, $/W). Although there are clearly higher
retail electric and escalation rates in some states

(e.g., California) than in others (e.g., North Car
olina) and they appear to move in the same direc
tion as the premiums (i.e., higher rates appear to
be aligned with higher premiums), there is not a
strong statistical relationship between them.38
This is not surprising, because the retail rates and
Exhibit 5 Average Days on Market for PV and Non-PV Homes
by State
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Exhibit 6 Average Premiums, Income Estimates, and Electricity and Escalation Rates by State
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Note: The error bars (I) around the average income estimate represent the low and high PV Value estimates.

37. The t-test for the days-on-market difference between all PV and non-PV homes is not statistically significant (p-value 0.43).
38. Pairwise correlations between premiums and electric rates are not significant (r = 0.21, p-value 0.18), nor are correlations between
premiums and utility escalation rates (r = 0.01, p-value 0.93).
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Exhibit 7  Premium, Income, and Cost Estimates from Paired Sales
Analysis and Hedonic Study

Sample

PV
Premium
($)

PV Value
– Income
($)

Net
Cost
($)

Gross
Cost
($)

Paired Sales

All Homes

3.63

2.70

3.54

5.61

Hedonic Model

All Homes

4.18

2.93

4.14

6.90

Paired Sales

California

4.31

3.67

4.00

5.96

Hedonic Model

California

4.21

2.95

4.16

6.94

Paired Sales

Rest of the US

3.17

2.03

3.23

5.38

Hedonic Model

Rest of the US

3.11

2.15

3.09

5.64

Notes: The hedonic model results are from Hoen et al., Price Premium Analysis of a Multi-State
Dataset, and the paired sales results are from the present study. The paired sales estimates
do not include Oregon, because it was not included in the Hoen et al. analysis. All values are
shown in dollars per watt.

the escalations of those rates are only a portion of
the factors that would likely influence premiums.

Comparing Paired Sales Results to
Hedonic Pricing Model Results
This study enables comparison of the premiums
and contributory value estimates from the hedonic
pricing model in Hoen et al. with those made by
appraisers.39 Hoen et al. analyze almost 4,000 PV
home sales, while the present study investigates
43 sales. Exhibit 7 summarizes both sets of results.
Because Oregon was not included in the hedonic
modeling study, it is not included here; therefore,
the paired sales averages do not include Oregon.
Exhibit 8 shows estimates from both analyses
using the “All Homes” samples.
The exhibits show that both methods yield
comparable results for premiums. The net cost
and income estimates are also similar between the
two sets of results. The gross costs from Hoen et
al. are higher, in part reflecting the earlier period
of the sample from that study, when installed
prices were higher.
Each approach has strengths and weaknesses.
For example, hedonic modeling produces a statis
tically defensible set of results, while paired sales
are easier for most practitioners to understand. In
any case, they reach similar results, which bol
sters the suitability of both approaches for esti

mating PV home premiums. More importantly,
regardless of the method used, a clear PV pre
mium is identified for this subset of the mar
ket—a premium that is very close to the net cost
at the time of sale.

Conclusions
This paired sales analysis of 43 PV homes provides
strong, appraisal-based evidence of PV premiums
in each of seven market areas in six states. More
importantly, the study also supports the use of
cost- and income-based PV premium estimates
when paired sales analysis is not possible. There
fore, these results should benefit valuation profes
sionals and mortgage lenders who increasingly are
encountering homes equipped with host-owned
PV systems and need multiple methodologies to
value them appropriately.
The following are specific conclusions from
the study:
• After accounting for the ability to pair PV
home sales with similar non-PV home sales,
proper listing of PV homes in the MLS, and
the existence of non-market-value transac
tions, appraisers were left with only 20% of
the study’s original pool of 208 PV home
sales. This highlights the difficulty of con
ducting comparable-sales analysis on PV
homes. Thus, lending appraisal guidelines
and expectations should align with this real
ity and allow other forms of premium esti
mates (such as income and cost) when
comparable sales are not available.
• On average, PV systems (all of which were
less than 12 years old) garnered premiums in
each of the six states, with an average of
$3.78/W.
• PV location, age, size, and efficiency must be
considered along with trends in the local
market such as retail electricity rates and pre
vailing incentives to arrive at a credible value
opinion for a specific PV system and home.
• Price per watt is the appropriate metric for
valuing PV systems, not the premium as a
percentage of the home sale price, which
is an inconsistent metric that varies widely
by the size of PV systems and the price range
of homes.

39. Hoen et al. Price Premium Analysis of a Multi-State Dataset.
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Exhibit 8 P
 V Home Premiums from Paired Sales and
Hedonic Pricing Model Studies
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• PV premiums from the paired sales analysis
were most similar to net PV cost estimates
(net of federal, state, local, and utility incen
tives).
• In no area did the premium approach the
level of the gross PV cost estimate, indicat
ing this is not an appropriate proxy for mar
ket values. If federal, state, local, or utility
incentives are reduced or expire, the market
may still reveal sale price premiums that are
lower than the gross cost. This would be con
sidered obsolescence as defined previously in
this article.
• PV premiums were higher than PV Value
average (and high) income estimates in all
areas, though the two metrics were statisti
cally correlated, meaning they moved in the
same direction.
• Some underwriters and some representing
the secondary mortgage market believe the
income capitalization approach overvalues
homes with PV systems.40 This study sug
gests instead that the income capitalization
approach values PV homes conservatively,
at least if the default parameters are used.
This implies the income capitalization
approach in the PV Value tool is useful for
two reasons: it is not likely to overvalue PV
systems, and it is relatively easy to collect
the data needed to use the tool.
• Paired sales analysis results from this study
are in accord with the hedonic modeling
results,41 which bolsters the suitability of
both approaches for estimating PV home
premiums.
• No consistent difference in days on the mar
ket was found between PV homes and
non-PV homes.
• Although the secondary mortgage market
(Fannie Mae, Freddie Mac, FHA, and VA)
does not require it, some underwriters
require appraisers to use a PV sale in the
sales comparison approach in order to accept
PV premiums—otherwise they assign the
presence of a PV system no value.42 In con
trast, USPAP requires appraisers to support
adjustments using applicable appraisal
methodology, and it requires the same

Hedonic Model

n Average Income + High – Low
n Gross Cost

Notes: The hedonic model results are from Hoen et al. Price Premium Analysis of a Multi-State
Dataset, and the paired sales results are from the present study. The paired sales estimates
do not include Oregon, because it was not included in the Hoen et al. analysis. All values are
shown in dollars per watt.

amount of support for a zero adjustment as
for a positive or negative adjustment. This
study strongly indicates that, in the areas
studied, homes with PV systems less than 12
years old sell for a premium.
Although beyond the scope of this relatively
small-sample study, an examination of intermar
ket differences would be a fruitful effort when
more data are available. It could statistically
identify drivers discussed here: the size and age
of the system, the installed costs at the time of
sale, the underlying retail electricity rate, etc. As
well, it could identify more nuanced differences,
including, potentially, regional back-up power
needs, a hedge against uncertain state-level
incentive policy, and expected utility retail elec
tricity price increases.

Recommendations: Next Steps to
Improve PV System Valuation
The appraisers involved in this study reported a
number of hindrances and identified steps for
improving the valuation process. The challenges

40. Based on personal conversations between Adomatis and appraisers and members of the lending/underwriting industry.
41. Hoen et al. Price Premium Analysis of a Multi-State Dataset.
42. A premium is also known as an adjustment in the sales comparison grid of an appraisal.
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and possible solutions are summarized below.
1.	Challenge: Verifiable documentation of houses
with PV systems and their characteristics must
be made available for the real estate market.
Possible solutions:
• Include the PV system, its size, year of instal
lation, and if the system is owned or leased
in the public record, even where PV systems
are not assessed for taxation purposes.
• Label the electrical box with the same inputs
found on the AI Residential Green and
Energy Efficient Addendum,43 making a per
manent record onsite.
• Develop a public database—regularly
updated by system installers, utilities, and
permitting authorities—that allows practi
tioners to verify PV system details.
• Encourage a data-friendly ecosystem where
disclosure of site-specific PV system data is
part of normal business practices, rather than
using non-disclosure language.
2.	Challenge: Gross and net costs of PV systems
are often not readily accessible to the real
estate market. Because this study reveals a
correlation between the sale price premium
and the net cost, appraisers should have access
to net system costs.
Possible solutions:
• It would be ideal to develop a cost compo
nent to the PV Value tool linked to current
US gross and net costs.44
• Gross costs are also available by zip code
through the Open PV45 website.
• In all cases the values used should be verified
for a specific market and sale date.
3.	Challenge: MLSs lack fields with details of the
PV system sufficient to allow an adequate
search for comparable properties. MLSs need
searchable PV fields that include system size in
kilowatts, system age, warranty term, and sys

tem location (ground mount, roof mount, com
munity lot). Simply stating the house has solar
panels in the narrative section of the MLS is
not sufficient to understand the features and
does not allow appraisers or buyers to search for
sales strictly with PV systems.
Possible solutions:
• Green the MLS46 has a template for green
fields available for MLSs to use, but only 185
of 850 MLSs in the United States have
implemented the green fields. MLSs with
green fields only work if the agents populate
the fields accurately. More agent education
and a campaign to green all MLSs are needed.
• Ideally, PV system characteristics would
auto-populate into the MLSs as others have
recommended.47
• The Appraisal Institute offers a two-day
course, Residential and Commercial Valuation
of Solar,48 to assist appraisers in attaining
competency.
• PV sales agents and installers need a better
understanding of how they can assist real
estate sales agents and appraisers in obtain
ing accurate PV system data. As the PV
industry begins to understand and provide
data needed to market a PV home, the real
estate sales, appraisal, and mortgage lending
transactions will be much smoother.
4.	Challenge: PV Value users not only need sys
tem characteristics, as mentioned above for
real estate practitioners in general, but also
residential utility rate(s), appropriate discount
rates, and system output information, the lat
ter of which is not available at the time of
installation.
Possible solutions:
• An appraiser would ideally review the own
er’s utility bill for the past year to understand
the site-specific utility rate and system out
put. However, appraisers report difficulty in

43. Available for download at http://www.appraisalinstitute.org/assets/1/7/Interactive820.04
-ResidentialGreenandEnergyEffecientAddendum.pdf.
44. This component is currently available for some markets through the licensed version of PV Value and will be available for more markets
over time.
45. National Renewable Energy Laboratory, https://openpv.nrel.gov/.
46. Available at http://www.greenthemls.org/.
47. CNT Energy and National Home Performance Council, Unlocking the Value of an Energy Efficient Home: A Blueprint to Make Energy
Efficiency Improvements Visible in the Real Estate Market (Washington, DC: CNT Energy & National Home Performance Council, 2013).
National Association of Realtors, Green MLS Implementation Guide, v1.0 (Chicago: National Association of Realtors, 2014).
48. Available at http://www.myappraisalinstitute.org/education/course_descrb/Default.aspx?prgrm_nbr=844&key_type=C.
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obtaining this kind of information from the
homeowner, and utilities consider bills pri
vate and inaccessible to appraisers. Thus,
appraisers must establish a credible method
to estimate utility costs and system output.
• Determining an appropriate discount rate
has an impact on the PV Value income
approach output. To assist with this, Energy
Sense Finance and Sandia National Labora
tories are working on a discount rate model
for residential PV and energy efficiency that
can be used with PV Value to help valuation
professionals develop an appropriate

weighted average cost of capital and dis
count rate. (This is expected to be available
in 2016.) Because little research has been
vetted on residential discount rates in
the last few years, the cocreators of the tool
have relied on appraiser-reported home
owner responses to their expectations of
expected yields on a similar investment.
Most respond that the mortgage rate, second
mortgage rate, or a rate similar to a safe
investment in the bond or stock market best
fits this expectation.
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Abstract
An increasing number of homes with existing photovoltaic (PV) energy systems have sold in the
U.S., yet relatively little research exists that estimates the marginal impacts of those PV systems
on home sales prices. A clearer understanding of these effects might influence the decisions of
homeowners considering installing PV on their home or selling their home with PV already
installed, of home buyers considering purchasing a home with PV already installed, and of new
home builders considering installing PV on their production homes. This research analyzes a
large dataset of California homes that sold from 2000 through mid-2009 with PV installed.
Across a large number of hedonic and repeat sales model specifications and robustness tests, the
analysis finds strong evidence that California homes with PV systems have sold for a premium
over comparable homes without PV systems. The effects range, on average, from approximately
$3.9 to $6.4 per installed watt (DC) of PV, with most coalescing near $5.5/watt, which
corresponds to a home sales price premium of approximately $17,000 for a relatively new 3,100
watt PV system (the average size of PV systems in the study). These average sales price
premiums appear to be comparable to the investment that homeowners have made to install PV
systems in California, which from 2001 through 2009 averaged approximately $5/watt (DC), and
homeowners with PV also benefit from electricity cost savings after PV system installation and
prior to home sale. When expressed as a ratio of the sales price premium to estimated annual
electricity cost savings associated with PV, an average ratio of 14:1 to 22:1 can be calculated;
these results are consistent with those of the more-extensive existing literature on the impact of
energy efficiency (and energy cost savings more generally) on home sales prices. The analysis
also finds - as expected - that sales price premiums decline as PV systems age. Additionally,
when the data are split between new and existing homes, a large disparity in premiums is
discovered: the research finds that new homes with PV in California have demonstrated average
premiums of $2.3-2.6/watt, while the average premium for existing homes with PV has been
more than $6/watt. One of several possible reasons for the lower premium for new homes is that
new home builders may also gain value from PV as a market differentiator, and have therefore
often tended to sell PV as a standard (as opposed to an optional) product on their homes and
perhaps been willing to accept a lower premium in return for faster sales velocity. Further
research is warranted in this area, as well as a number of other areas that are highlighted.
iii
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1. Introduction
In calendar year 2010, approximately 880 megawatts (MW) 1 of grid-connected solar
photovoltaic (PV) energy systems were installed in the U.S. (of which approximately 30% were
residential), up from 435 MW installed in 2009, yielding a cumulative total of 2,100 MW (SEIA
& GTM, 2011). California has been and continues to be the country’s largest market for PV,
with nearly 1000 MW of cumulative capacity. California is also approaching 100,000 individual
PV systems installed, more than 90% of which are residential. An increasing number of these
homes with PV have sold, yet to date, relatively little research has been conducted to estimate the
existence and level of any premium to sales prices that the PV systems may have generated. One
of the primary incentives for homeowners to install a PV system on their home, or for home
buyers to purchase a home with a PV system already installed, is to reduce their electricity bills.
However, homeowners cannot always predict if they will own their home for enough time to
fully recoup their PV system investment through electricity bill savings. The decision to install a
PV system or purchase a home with a PV system already installed may therefore be predicated,
at least in part, on the assumption that a portion of any incremental investment in PV will be
returned at the time of the home’s subsequent sale through a higher sales price. Some in the
solar industry have recognized this potential premium to home sales prices, and, in the absence
of having solid research on PV premiums, have used related literature on the impact of energy
efficiency investments and energy bill savings on home prices as a proxy for making the claim
that residential PV systems can increase sales prices (e.g., Black, 2010).

The basis for making the claim that an installed PV system may produce higher residential
selling prices is grounded in the theory that a reduction in the carrying cost of a home will
translate, ceteris paribus, into the willingness of a buyer to pay more for that home. Underlying
this notion is effectively a present value calculation of a stream of savings associated with the

1

All references to the size of PV systems in this paper, unless otherwise noted, are reported in terms of direct
current (DC) watts under standard test conditions (STC). This convention was used to conform to the most-common
reporting conventions used outside of California. In California, PV systems sizes are often referred to using the
California Energy Commission Alternating Current (CEC-AC) rating convention, which is approximately a multiple
of 0.83 of the DC-STC convention, but depends on a variety of factors including inverter efficiency and realistic
operating efficiencies for panels. A discussion of the differences between these two conventions and how
conversions can be made between them is offered in Appendix A of Barbose et al., 2010.
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reduced electricity bills of PV homes, which can be capitalized into the value of the home.
Along these lines, a number of studies have shown that residential selling prices are positively
correlated with lower energy bills, most often attributed to energy related home improvements,
such as energy efficiency investments (Johnson and Kaserman, 1983; Longstreth et al., 1984;
Laquatra, 1986; Dinan and Miranowski, 1989; Horowitz and Haeri, 1990; Nevin and Watson,
1998; Nevin et al., 1999). The increased residential sales prices associated with lower energy
bills and energy efficiency measures might be expected to apply to PV as well. Some
homeowners have stated as much in surveys (e.g., CEC, 2002; McCabe and Merry, 2010),
though the empirical evidence supporting such claims is limited in scope. Farhar et al. (2004a;
2008) tracked repeat sales of 15 “high performance” energy efficient homes with PV installed
from one subdivision in San Diego and found evidence of higher appreciation rates, using simple
averages, for these homes over comparable homes (n=12). More recently, Dastrop et al. (2010)
used a hedonic analysis to investigate the selling prices of 279 homes with PV installed in the
San Diego, California metropolitan area, finding clear evidence of PV premiums that averaged
approximately 3% of the total sales price of non-PV homes, which translates into $4.4 per
installed PV watt (DC).

In addition to energy savings, higher selling prices might be correlated with a “cachet value”
based on the “green” attributes that come bundled with energy-related improvements (e.g.,
helping combat global warming, impressing the neighbors, etc.). A number of recent papers
have investigated this correlation. Eichholtz et al. (2009, 2011) analyzed commercial green
properties in the U.S, and Brounen and Kok (2010) and Griffin et al. (2009) analyzed green
labeled homes in the Netherlands and Portland, Oregon, respectively, each finding premiums,
which, in some cases, exceeded the energy savings (Eichholtz et al., 2009, 2011; Brounen and
Kok, 2010). Specifically related to PV, Dastrop et al. (2010) found higher premiums in
communities with a greater share of Toyota Prius owners and college grads, indicating,
potentially, the presence of a cachet value to the systems over and above energy savings. It is
therefore reasonable to believe that buyers of PV homes might price both the energy savings and
the green cachet into their purchase decisions.

2

Of course there is both a buyer and a seller in any transaction, and the sellers of PV homes might
be driven by different motivations than the buyers. Specifically, recouping the net installed cost
of the PV system (i.e., the cost of PV installation after deducting any available state and federal
incentives) might be one driver for sellers. In California, the average net installed cost of
residential PV hovered near $5/watt (DC) from 2001 through 2009 (Barbose et al., 2010).
Adding slightly to the complexity, the average net installed cost of PV systems has varied to
some degree by the type of home, with PV systems installed on new homes in California
enjoying approximately a $1/watt lower average installed cost than PV systems installed on
existing homes in retrofit applications (Barbose et al., 2010). Further, sellers of new homes with
PV (i.e., new home developers) might be reluctant to aggressively increase home sale prices for
installed PV systems because of the burgeoning state of the market for PV homes and concern
that more aggressive pricing might slow home sales, especially if PV is offered as a standard (not
optional) product feature (Farhar and Coburn, 2006). At the same time, the possible positive
impact of PV on product differentiation and sales velocity may make new home developers
willing to sell PV at below the net installed cost of the system. After all, some studies that have
investigated whether homes with PV (often coupled with energy efficient features) sell faster
than comparable homes without PV have found evidence of increased velocity due to product
differentiation (Dakin et al., 2008; SunPower, 2008). Finally, as PV systems age, and sellers (i.e.,
homeowners) recoup a portion of their initial investment in the form of energy bill savings (and,
related, the PV system’s lifespan decreases), the need (and ability) to recoup the full initial
investment at the time of home sale might decrease. On net, it stands to reason that premiums
for PV on new homes might be lower than those for existing homes, and that older PV systems
might garner lower premiums than newer PV systems of the same size.

Though a link between selling prices and some combination of energy cost savings, green cachet,
recouping the net installed cost of PV, seller attributes, and PV system age likely exists, the
existing empirical literature in this area, as discussed earlier, has largely focused on either energy
efficiency in residential and commercial settings, or PV in residential settings but in a limited
geographic area (San Diego), with relatively small sample sizes. Therefore, to date, establishing
a reliable estimate for the PV premiums that may exist across a wide market of homes has not
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been possible. Moreover, establishing premiums for new versus existing homes with PV has not
yet been addressed.

Additionally, research has not investigated whether there are increasing or decreasing returns on
larger PV systems, and/or larger homes with the same sized PV systems, nor has research been
conducted that investigates whether older PV systems garner lower premiums. In the case of
returns to scale on larger PV systems, it is not unreasonable to expect that any increase in value
for PV homes may be non-linear as it relates to PV system size. For example, if larger PV
systems push residents into lower electricity price tiers 2, energy bill savings could be diminished
on the margin as PV system size increases. This, in turn, might translate into smaller percentage
increases in residential selling prices as PV systems increase in size, and therefore a decreasing
return to scale. Larger PV systems might also enjoy some economies of scale in installation
costs, which, in turn, might translate into lower marginal premiums at the time of home sale as
systems increase in size – a decreasing return to scale. Additionally, “cachet value”, to the
degree that it exists, is likely to be somewhat insensitive to system size, and therefore might act
as an additional driver to decreasing returns to scale. Somewhat analogously, PV premiums may
be related to the number of square feet of living area in the home. Potentially, as homes increase
in size, energy use can also be expected to increase, leading homeowners to be subjected to
higher priced electricity rate tiers and therefore greater energy bill savings for similarly sized PV
systems. Finally, as discussed previously, as PV systems age, and both a portion of the initial
investment is recouped and the expected life and operating efficiency of the systems decrease,
home sales price premiums might be expected to decline.

To explore these possible relationships, we investigate the residential selling prices across the
state of California of approximately 2,000 homes with existing PV systems against a comparable
set of approximately 70,000 non-PV homes. The sample is drawn from 31 California counties,
with PV home sales transaction dates of 2000 through mid-2009. We apply a variety of hedonic
pricing (and repeat sales) models and sample sets to test and bound the possible effects of PV on
residential sales prices and to increase the confidence of the findings. Using these tools, we also
2

Many California electric utilities provide service under tiered residential rates that charge progressively higher
prices for energy as more of it is used.

4

explore whether the effects of PV systems on home prices are impacted by whether the home is
new or existing, by the size of either the PV system or the home itself, and finally by how old the
PV system is when the home sells. 3 It should be stated that this research is not intended to
disentangle the specific effects of energy savings, green cachet, recovery of the cost of
installation, or seller motivations, but rather to establish credible estimates of aggregate PV
residential sales price effects.

The paper begins with a discussion of the data used for the analyses (Section 2). This is
followed by a discussion of the empirical basis for the study (Section 3), where the variety of
models and sample sets are detailed. The paper then turns to a discussion of the results and their
potential implications (Section 4), and finally offers some concluding remarks with
recommendations for future research (Section 5).

3

Due to the limited sample of PV home sales in many individual years, the results presented in this report reflect
average impacts over the entire 2000-09 period (after controlling for housing market fluctuations).
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2. Data Overview
To estimate the models described later, a dataset of California homes is used that joins the
following five different sets of data: (1) PV home addresses and system information from three
organizations that have offered financial incentives to PV system owners in the state; (2) real
estate information that is matched to those addresses and that also includes the addresses of and
information on non-PV homes nearby; (3) home price index data that allow inflation adjustments
of sale prices to 2009 dollars; (4) locational data to map the homes with respect to nearby
neighborhood/environmental influences; and (5) elevation data to be used as a proxy for “scenic
vista.” Each of these data sources is described below, as are the data processing steps employed,
and the resulting sample dataset.

2.1. Data Sources
The California Energy Commission (CEC), the California Public Utilities Commission (CPUC),
and the Sacramento Municipal Utility District (SMUD) each provide financial incentives under
different programs to encourage the installation of PV systems in residential applications, and
therefore have addresses for virtually all of those systems, as well as accompanying data on the
PV systems. 4 Through these programs, Berkeley Laboratory was provided information on
approximately 42,000 homes where PV was installed, only a fraction of which (approximately
9%) subsequently sold with the PV system in place. The data provided included: address (street,
street number, city, state and zip); incentive application and PV system install and operational
dates; PV system size; and delineations as to whether the home was new or existing at the time
the PV system was installed (where available).

4

The CEC and CPUC have both been collecting data on PV systems installed on homes in the utility service areas
of investor owned utilities (e.g., PG&E, SCE, SDG&E) for which they have provided incentives, as have some of
California’s publicly owned utilities (e.g., SMUD) that offer similar incentives. The CEC began administering its
incentive program in 1998, and provided rebates to systems of various sizes for both residential and commercial
customers. The CPUC began its program in 2001, initially focusing on commercial systems over 30 kW in size. In
January 2007, however, the CEC began concentrating its efforts on new residential construction through its New
Solar Home Partnership program, and the CPUC took over the administration of residential retrofit systems through
the California Solar Initiative program. Separately, SMUD has operated a long-standing residential solar rebate
program, but of smaller size than the efforts of the CEC and CPUC.
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These addresses were then matched to addresses as maintained by Core Logic (CL) 5, which they
aggregate from both the California county assessment and deed recorder offices. Once matched,
CL provided real estate information on each of the California PV homes, as well as similar
information on approximately 150,000 non-PV homes that were located in the same (census)
block group and/or subdivision as the matched PV homes. The data for both of these sets of
homes included:
•
•
•
•

address (e.g., street, street number, city, state and zip+4 code);
most recent (“second”) sale date and amount;
previous (“first”) sale date and amount (if applicable);
home characteristics (where available) (e.g., acres, square feet of living area, bathrooms,

•
•
•
•
•

and year built);
assessed value;
parcel land use (e.g., commercial, residential);
structure type (e.g., single family residence, condominium, duplex);
housing subdivision name (if applicable) 6; and
census tract and census block group.

These data, along with the PV incentive provider data, allowed us to determine if a home sold
after a PV system was installed ("second" sale). 3,657 such homes were identified in total, and
these homes, therefore, represent the possible sample of homes on which our analysis focused.
A subset of these data for which "first" sale information was available and for which a PV
system had not yet been installed as of this “first” sale, were culled out. These “repeat sales”
were also used in the analysis, as will be discussed in Section 3.

In addition to the PV and real estate data, Berkeley Laboratory obtained from Fiserv a zip-codelevel weighted repeat sales index of housing prices in California from 1970 through mid-2009,
by quarter. These indices, where data were available, were differentiated between low, middle,

5

More information about this product can be obtained from http://www.corelogic.com/. Note that Core Logic, Inc.
was formerly known as First American Core Logic.
6
In some cases the same subdivisions were referred to using slightly different names (e.g., “Maple Tree Estates” &
“Maple Trees Estates”). Therefore, an iterative process of matching based on the names, the zip code, and the
census tract were used to create “common” subdivision names, which were then used in the models, as discussed
later.
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and high home price tiers, to accommodate the different appreciation/depreciation rates of
market segments. Using these indices, all sale prices were adjusted to Q1, 2009 prices. 7

From Sammamish Data, Berkeley Laboratory purchased x/y coordinates for each zip+4 code,
which allowed the mapping of addresses to street level accuracy. 8 Additionally, Berkeley
Laboratory obtained from the California Natural Resources Agency (via the California
Environmental Resources Evaluation System, CERES) a 30 meter level Digital Elevation Map
(DEM) for the state of California. 9 Combining these latter two sets of data, a street level
elevation could be obtained for each home in the dataset, which allowed the construction of a
variable defined as the elevation of a home relative to its (census) block group. This relative
elevation served as a proxy for “scenic vista”, a variable used in the analysis.

2.2. Data Processing
Data cleaning and preparation for final analysis was a multifaceted process involving selecting
transactions where all of the required data fields were fully populated, determining if sales of PV
homes occurred after the PV system was installed, matching the homes to the appropriate index,
ensuring the populated fields were appropriately coded, and finally, eliminating obviously
suspicious observations (e.g., not arms length transactions, outliers, etc.). Initially provided were
a total of 150,000 detached single family residential sale records without PV and a total of 3,657
with PV. These totals, however, were substantially reduced (by approximately 65,000 records,
1,400 of which were PV sales) because of missing/erroneous core characteristic data (e.g., sale
date, sale price, year built, square feet). 10 Additionally, the final dataset was reduced (by
approximately 14,000 records, 300 of which were PV sales) because some sales occurred outside
the range of the index that was provided (January 1970 to June 2009). Moreover, to focus our
analysis on more-typical California homes and minimize the impact of outliers or potential data-

7

The inflation adjustment instrument used for this analysis is the Fiserv Case-Shiller Index. This index is a
weighted repeat sales index, accumulated quarterly at, optimally, the zip code level over three home price tiers (e.g.,
low, middle and high prices). More information can be found at: http://www.caseshiller.fiserv.com/indexes.aspx
8
More information about this product can be obtained from http://www.sammdata.com/
9
More information about this product can be obtained from http://www.ceres.ca.gov/
10
Examples of “erroneous” data might include a year built or sale date that is in the future (e.g., “2109” or “Jan 1,
2015”, respectively), or large groups of homes that were listed at the same price in the same year in the same block
group that were thought to be “bulk” sales and therefore not valid for our purposes.
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entry errors on our results, observations not meeting the following criteria were screened out (see
Table 1 for variable descriptions):
•
•
•
•
•
•
•
•
•
•

the inflation adjusted most recent (second) sale price (asp2) is between $85,000 and
$2,500,000; 11
the number of square feet (sqft) is greater than 750;
asp2 divided by sqft is between $40 and $1,000;
the number of acres is less than 25 and greater than sqft divided by 43,560 (where one
acre equals 43,560 sqft); 12
the year the home was built (yrbuilt) is greater than 1900;
the age of the home (in years) at the time of the most recent sale (ages2) is greater than or
equal to negative one;
the number of bathrooms (baths) is greater than zero and less than ten;
the size of the PV system (size) is greater than 0.5 and less than 10 kilowatts (kW);
each block group contains at least one PV home sale and one non-PV home sale; and
the total assessed value (avtotal), as reported by the county via Core Logic, is less than or
equal to the predicted assessed value (pav), where pav = sp2*1.02^(2010-year of sale). 13

In addition, the repeat sales used in the analysis had to meet the following criteria:
•
•
•

the difference in sale dates (sddif) between the most recent (second) sale date (sd2) and
the previous (first) sale date (sd1) is less than 20 years;
PV is not installed on the home as of sd1; and
the adjusted annual appreciation rate (adjaar) is between -0.14 and 0.3 (where adjaar =
ln(asp2/asp1)/(sddif/365), which corresponds to the 5th and 95th percentile for the
distribution of adjaar. 14
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An alternative screen was tested that limited the data to homes under $1 million (leaving 90% of the data) and
$600,000 (leaving 75%), with no significant change to the results.
12
An alternative screen that incorporated the number of stories for the home along with the number of square feet in
calculating the “footprint”, and therefore allowed smaller parcels to be used, was also explored, with no significant
change in results.
13
This screen was intended to help ensure that homes that had significant improvements since the most recent sale,
which would be reflected in a higher assessed value than would otherwise be the maximum allowable under
California property tax law, were removed from the dataset. The screen was not applied to homes that sold in 2009,
however, because, in those cases, assessed values often had not been updated to reflect the most recent sale.
14
This final screen was intended to remove homes that had unusually large appreciation or deprecations between
sales, after adjusting for inflation, which could indicate that the underlying home characteristics between the two
sales changed (e.g., an addition was added, the condition of the home dramatically worsened, etc.), or the data were
erroneous.
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Table 1: Variable Descriptions
Variable
acre
acregt1
acrelt1
adjaar
ages2
ages2sqr
asp1
asp2
avtotal
bath
bgre_100
elev
lasp1
lasp2
pav
pvage
sd1
sd2
sddif
size
sp1
sp2
sqft
sqft_1000
yrbuilt

Description
size of the parcel (in acres)
number of acres more than one
number of acres less than one
adjusted annual appreciation rate
age of home as of sd2
ages2 squared
inflation adjusted sp1 (in 2009 dollars)
inflation adjusted sp2 (in 2009 dollars)
total assessed value of the home
number of bathrooms
relative elevation to other homes in block group (in 100s of feet)
elevation of home (in feet)
natural log of asp1
natural log of asp2
predicted assessed value
age of the PV system at the time of sale
first sale date
second sale date
number of days separating sd1 and sd2
size (in STC DC kW) of the PV system
first sale price (not adjusted for inflation)
second sale price (not adjusted for inflation)
size of living area
size of living area (in 1000s of square feet)
year the home was built

2.3. Data Summary
The final full dataset includes a total of 72,319 recent sales, 1,894 of which are PV homes and
70,425 of which are non-PV (see Table 2). The homes with PV systems are distributed evenly
between new (51%) and existing (49%) home types, while the non-PV homes are weighted
toward existing homes (62%) over new (38%) (see Table 5). The final repeat sales dataset of
homes selling twice total 28,313 homes, of which 394 are PV and 27,919 are non-PV (see Table
3).

As indicated in Table 2, the average non-PV home in the full sample (not the repeat sales
sample) sold for $584,740 (unadjusted) in late 2005, which corresponds to $480,862 (adjusted)
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in 2009 dollars. 15 This “average” home is built in 1986, is 19 years old at the time of sale, has
2,200 square feet of living space, has 2.6 bathrooms, is situated on a parcel of 0.3 acres, and is
located at the mean elevation of the other homes in the block group. On the other hand, the
average PV home in the full sample sold for $660,222 in early 2007, which corresponds to
$537,442 in 2009 dollars. Therefore, this “average” PV home, as compared to the “average”
non-PV home, is higher in value. This difference might be explained, in part, by the fact that the
average PV home is slightly younger at the time of sale (by two years), slightly bigger (by 200
square feet), has more bathrooms (by 0.3), is located on a parcel that is slightly larger (by 0.06
acres), and, of course, has a PV system (which is, on average, 3,100 watts and 1.5 years old). 16

The repeat sale dataset, as summarized in Table 3, shows similar modest disparities between PV
and non-PV homes, with the “average” PV homes selling for more (in 2009 $) in both the first
and second sales. Potentially more telling, though, non-PV homes show a slight depreciation (of
-1.4%) between sales after adjusting for inflation, while PV homes show a modest appreciation
(of 3.2%). Average PV homes in the sample are found to be slightly bigger (by 100 square feet),
occupy a slightly larger parcel (by 0.2 acres), older (by 10 years), and, of course, have a PV
system (which is, on average, 4,030 watts and 2.5 years old).

Focusing on the full dataset geographically (see Table 4 and Figure 1), we find that it spans 31
counties with the total numbers of PV and non-PV sales ranging from as few as nine (Humboldt)
to as many as 11,991 (Placer). The dataset spans 835 separate (census) block groups (not shown
in the table), though only 162 (18.7%) of these block groups contain subdivisions with at least
one PV sale. Within the block groups that contain subdivisions with PV sales there are 497
subdivision-specific delineations. As shown in Table 5, the data on home sales are fairly evenly
split between new and existing home types, are located largely within four utility service areas,

15

The adjusted values, which are based on a housing price index, demonstrate the large-scale price collapse in the
California housing market post 2005; that is, there has been significant housing price depreciation.
16
Age of PV system at the time of sale is determined by comparing the sale date and ideally an “installation date”,
which corresponds to the date the system was operational, but, in some cases, the only date obtained was the
“incentive application date”, which might precede the installation date by more than one year. For this reason the
age of the system reported for this research is lower than the actual age.
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with the largest concentration in PG&E's territory, and occurred over eleven years, with the
largest concentration of PV sales occurring in 2007 and 2008.

In summary, the full dataset shows higher sales prices for the average PV home than the average
non-PV home, while the repeat sales dataset shows positive appreciation between sales for PV
homes, but not for non-PV homes. Though these observations seem to indicate that a PV sales
price premium exists, these simple comparisons do not take into account the other underlying
differences between PV and non-PV homes (e.g., square feet), their neighborhoods, and the
market conditions surrounding the sales. The hedonic and difference-in-difference statistical
models discussed in the following section are designed to do just that.
Table 2: Summary Statistics of Full Dataset
Variable
acre
acregt1
acrelt1
ages2
ages2sqr
asp2
avtotal
bath
bgre_100
elev
lasp2
pvage
sd2
size
sp2
sqft_1000
yrbuilt

Variable
acre
acregt1
acrelt1
ages2
ages2sqr
asp2
avtotal
bath
bgre_100
elev
lasp2
pvage
sd2
size
sp2
sqft_1000
yrbuilt

Non-PV Homes
n
Mean
Std. Dev.
Min
Max
70425
0.3
0.8
0.0
24.8
70425
0.1
0.7
0.0
23.8
70425
0.2
0.2
0.0
1.0
70425
19
23.3
-1
108
70425
943
1681
0
11881
70425 $ 480,862 $ 348,530 $ 85,007 $ 2,498,106
70425 $ 497,513 $ 359,567 $ 10,601 $ 3,876,000
70425
2.6
0.9
1
9
70425
0.0
1.2
-18.0
19.0
70425
424
598
0
5961
70425
12.9
0.6
11.4
14.7
70425
0
0
0
0
70425 9/30/2005
793 days
1/7/1999 6/30/2009
70425
0
0
0
0
70425 $ 584,740 $ 369,116 $ 69,000 $ 4,600,000
70425
2.2
0.9
0.8
9.3
70425
1986
23
1901
2009

n
Mean
1894
0.4
1894
0.1
1894
0.2
1894
17.3
1894
937
1894 $ 537,442 $
1894 $ 552,052 $
1894
2.9
1894
0.2
1894
414
1894
13.0
1894
1.5
1894 3/28/2007
1894
3.1
1894 $ 660,222 $
1894
2.4
1894
1989

PV Homes
Std. Dev.
Min
Max
1.0
0.0
21.6
0.9
0.0
20.6
0.2
0.0
1.0
24.5
-1
104
1849
0
11025
387,023 $ 85,973 $ 2,419,214
414,574 $ 23,460 $ 3,433,320
1
1
7
1.3
-10.0
17.9
584
0
5183
0.6
11.4
14.7
2.0
-1.0
9.0
622 days
8/1/2000 6/29/2009
1.6
0.6
10.0
435,217 $ 100,000 $ 3,300,000
0.9
0.8
11.0
25
1904
2009
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Table 3: Summary Statistics of Repeat Sale Dataset
Variable
acre
acregt1
acrelt1
ages2
ages2sqr
asp1
asp2
avtotal
bath
bgre_100
elev
lasp1
lasp2
pvage
sd1
sd2
sddif
size
sp1
sp2
sqft_1000
yrbuilt

n
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919
27919

Mean
0.3
0.1
0.2
23.6
1122.0
$ 488,127
$ 481,183
$ 498,978
2.5
0.0
426
12.9
12.9
0
5/5/2001
5/14/2006
1835
0
$ 444,431
$ 577,843
2.1
1982

Non-PV Homes
Std. Dev.
Min
0.7
0.0
0.6
0.0
0.2
0.0
22.7
0
1775.0
1.0
$ 355,212 $ 85,398
$ 347,762 $ 85,007
$ 360,673 $ 35,804
0.8
1
1.3
-17.7
588
0
0.6
11.4
0.6
11.4
0
0
1780 days
11/1/1984
786 days
3/11/1999
1509
181
0
0
$ 287,901 $ 26,500
$ 371,157 $ 69,000
0.8
0.8
23
1901

Max
23.2
22.2
1.0
108
11881.0
$ 2,495,044
$ 2,472,668
$ 3,788,511
9
19.0
5961
14.7
14.7
0
12/11/2008
6/30/2009
7288
0
$ 2,649,000
$ 3,500,000
7.7
2008

Variable
acre
acregt1
acrelt1
ages2
ages2sqr
asp1
asp2
avtotal
bath
bgre_100
elev
lasp1
lasp2
pvage
sd1
sd2
sddif
size
sp1
sp2
sqft_1000
yrbuilt

n
394
394
394
394
394
394
394
394
394
394
394
394
394
394
394
394
394
394
394
394
394
394

Mean
0.5
0.2
0.2
34.6
1918.0
$ 645,873
$ 666,416
$ 682,459
2.6
0.1
479
13.2
13.2
2.5
11/22/1999
1/9/2007
2605
4.03
$ 492,368
$ 800,359
2.2
1972

PV Homes
Std. Dev.
Min
1.4
0.0
1.3
0.0
0.2
0.0
25.6
1
2336.0
4.0
$ 417,639 $ 110,106
$ 438,544 $ 91,446
$ 478,768 $ 51,737
0.9
1
1.6
-5.5
581
3
0.6
11.6
0.6
11.4
1.6
-1.0
1792 days 11/30/1984
672 days
8/1/2000
1686
387
1.94
0.89
$ 351,817 $ 81,500
$ 489,032 $ 121,000
0.8
0.8
26
1904

Max
21.6
20.6
1.0
104
11025.0
$ 2,339,804
$ 2,416,498
$ 3,433,320
7
17.9
3687
14.7
14.7
9.0
1/7/2008
6/29/2009
7280
10
$ 2,500,000
$ 3,300,000
5.3
2008
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Table 4: Frequency Summary by California County
CA County
Non-PV
Alameda
4,826
Butte
457
Contra Costa
5,882
El Dorado
938
Humboldt
7
Kern
2,498
Kings
134
Los Angeles
3,368
Marin
1,911
Merced
48
Monterey
10
Napa
36
Orange
1,581
Placer
11,832
Riverside
4,262
Sacramento
10,928
San Bernardino
2,138
San Diego
1,083
San Francisco
407
San Joaquin
1,807
San Luis Obispo
232
San Mateo
2,647
Santa Barbara
224
Santa Clara
6,127
Santa Cruz
90
Solano
2,413
Sonoma
1,246
Tulare
774
Ventura
1,643
Yolo
16
Yuba
860
Total 70,425

PV
153
12
138
85
2
53
5
82
61
2
2
1
44
159
87
483
50
30
16
20
1
92
7
157
1
39
32
14
42
1
23
1,894

Total
4,979
469
6,020
1,023
9
2,551
139
3,450
1,972
50
12
37
1,625
11,991
4,349
11,411
2,188
1,113
423
1,827
233
2,739
231
6,284
91
2,452
1,278
788
1,685
17
883
72,319
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Figure 1: Map of Frequencies of PV Homes by California County
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Table 5: Frequency Summary by Home Type, Utility and Sale Year
Home Type *
New Home
Existing Home

Non-PV
26,938
43,487

PV
935
897

Total
27,873
44,384

Utility **
Pacific Gas & Electric
(PG&E)
Southern California
Edison (SCE)
San Diego Gas &
Electric (SDG&E)
Sacramento Municipal
Utility District (SMUD)
Other

Non-PV

PV

Total

Sale Year
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

Non-PV
110
379
1,335
6,278
8,783
10,888
10,678
9,072
8,794
9,490
4,618

36,137

1,019

37,156

14,502

337

14,839

8,191

35

8,226

11,393

498

11,891

202

5

207

PV
0
1
10
37
63
153
168
173
472
642
175

Total
110
380
1,345
6,315
8,846
11,041
10,846
9,245
9,266
10,132
4,793

* A portion of the PV homes could not be classified as either new or
existing and therefore are not included in these totals
** Non-PV utility frequencies were estimated by mapping block groups
to utility service areas, and then attributing the utility to all homes
that were located in the block group
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3. Methods and Statistical Models
3.1. Methodological Overview
The data, as outlined above, not only show increased sales values and appreciation for PV homes
(in 2009 $) over non-PV homes, but also important differences between PV and non-PV homes
as regards other home, site, neighborhood and market characteristics that could, potentially, be
driving these differences in value and appreciation. A total of 21 empirical model specifications,
with a high reliance on the hedonic pricing model, are used in this paper to disentangle these
potentially competing influences in order to determine whether and to what degree PV homes
sell for a premium.

The basic theory behind the hedonic pricing model starts with the concept that a house can be
thought of as a bundle of characteristics. When a price is agreed upon between a buyer and
seller there is an implicit understanding that those characteristics have value. When data from a
number of sales transactions are available, the average individual marginal contribution to the
sales price of each characteristic can be estimated with a hedonic regression model (Rosen, 1974;
Freeman, 1979). This relationship takes the basic form:

Sales price = f (home and site, neighborhood, and market characteristics)

“Home and site characteristics” might include, but are not limited to, the number of square feet
of living area, the size of the parcel of land, and the presence of a PV system. “Neighborhood”
characteristics might include such variables as the crime rate, the quality of the local school
district, and the distance to the central business district. Finally, “market characteristics” might
include, but are not limited to, temporal effects such as housing market inflation/deflation.

A variant of the hedonic model is a repeat sales model, which holds constant many of the
characteristics discussed above, and compares inflation adjusted selling prices of homes that
have sold twice, both before a condition exists (e.g., before a PV system is installed on the home)
and after the condition exists (e.g., after a PV system is installed on the home), and across PV
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and non-PV homes. This repeat sales model, in the form used in this paper, is referred to as a
difference-in-difference (DD) model, and is discussed in more detail later.

To test for the impact of PV systems on residential selling prices, a series of “base” hedonic
models, a “base” difference-in-difference model, a series of robustness models, and two “other”
models are estimated for this research. 17 As discussed later, these models are used to test for
fixed (whether the home has a PV system) and continuous (the size of the PV system) effects
using the full dataset of PV homes. They are also used to test for any differences that exist
between new and existing PV homes and between homes with PV systems of different ages, and
to test for the possibility of non-linear returns to scale based on the size of the PV system or the
home itself. Before describing these models in more detail, however, a summary of the variables
to be included in the models is provided.

3.2. Variables Used in Models
In each base model, be it hedonic or difference-in-difference, four similar sets of parameters are
estimated, namely coefficients on the variables of interest and coefficients for three sets of
controls that include home and site characteristics, neighborhood (census block group) fixed
effects, and temporal (year and quarter) fixed effects. The variables of interest are the focus of
the research, and include such variables as whether the home has a PV system installed or not,
the size of the PV system, and interactions between these two variables and others, such as the
size of the home or the age of the PV system. To accurately measure these variables of interest
(and their interactions) other potentially confounding variables need to be controlled for in the
models. The base models differ in their specification and testing of the variables of interest, as
discussed later, but use the same three sets of controls.

The first of these sets of control variables accounts for differences across the dataset in home and
site-specific characteristics, including the age of the home (linear and squared), the total square
feet of living area, and the relative elevation of the home (in feet) to other homes in the block
group; the latter variable serves as a proxy for “scenic vista,” a value-influencing characteristic
17

As will be discussed later, each of the “base” models is coupled with a set of two or three robustness models. The
“other” models are presented without “robustness” models.
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(see e.g., Hoen et al., 2009). 18 Additionally, the size of the property in acres was entered into the
model in spline form to account for different valuations of less than one acre and greater than
one acre.

The second set of controls, the geographic fixed effects variables, includes dummy variables that
control for aggregated “neighborhood” influences, which, in our case, are census block groups. 19
A census block group generally contains between 200 and 1,000 households, 20 and is delineated
to never cross boundaries of states, counties, or census tracts, and therefore, in our analysis,
serves as a proxy for “neighborhood.” To be usable, each block group had to contain at least one
PV home and one non-PV home. The estimated coefficients for this group of variables capture
the combined effects of school districts, tax rates, crime, distance to central business district and
other block group specific characteristics. This approach greatly simplifies the estimation of the
model relative to determining these individual characteristics for each home, but interpreting the
resulting coefficients can be difficult because of the myriad of influences captured by the
variables. Because block groups are fairly small geographically, spatial autocorrelation 21 is also,
to some degree, dealt with through the inclusion of these variables.

Finally, the third set of controls, the temporal fixed effect variables, includes dummy variables
for each quarter of the study period to control for any inaccuracies in the housing inflation
adjustment that was used. A housing inflation index is used to adjust the sales prices throughout
the study period to 2009 prices at a zip code level across as many as three price tiers. Although

18

Other home and site characteristics were also tested, such as the condition of the home, the number of bathrooms,
the number of fireplaces, and if the home had a garage and/or a pool. Because these home and site characteristics
were not available for all home transactions (and thus reduced the sample of homes available), did not add
substantial explanatory power to the model, and did not affect the results substantively, they were not included in the
model results presented in this paper.
19
For a portion of the dataset, a common subdivision name was identified, which, arguably, serves as a better proxy
for neighborhood than block group. Unfortunately, not all homes fell within a subdivision. Nonetheless, a separate
combined subdivision-block group fixed effect was tested and will be discussed later.
20
Census block groups generally contain between 600 and 3,000 people, and the median household size in
California is roughly 3.
21
Spatial Autocorrelation - a correlation between neighbors' selling prices - can produce unstable coefficient
estimates, yielding unreliable significance tests in hedonic models if not accounted for. One reason for this spatial
autocorrelation is omitted variables, such as neighborhood characteristics (e.g., distance to the central business
district), which affect all properties within the same area similarly. Having micro-spatial controls, such as block
groups or subdivisions, helps control for such autocorrelation.
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this adjustment is expected to greatly improve the model - relative to using just a temporal fixed
effect with an unadjusted price - it is also assumed that because of the volatility of the housing
market, the index may not capture price changes perfectly and therefore the model is enhanced
with the additional inclusion of these quarterly controls. 22

3.3. Fixed and Continuous Effect Hedonic Models
The analysis begins with the most basic model comparing prices of all of the PV homes in the
sample (whether new or existing) to non-PV homes across the full dataset. As is common in the
literature (Malpezzi, 2003; Sirmans et al., 2005b; Simons and Saginor, 2006), a semi-log
functional form of the hedonic pricing model is used where the dependent variable, the (natural
log of) sales price (P), is measured in zip code-specific inflation-adjusted (2009) dollars. To
determine if an average-sized PV system has an effect on the sale price of PV homes (i.e., a fixed
effect) we estimate the following base fixed effect model:
ln(Pitk ) =
α + β1 ( Tt ) + β 2 ( N k ) + ∑ β3 ( X i ) + β 4 ( PVi ) + ε itk

(1)

a

where
Pitk represents the inflation adjusted sale price for transaction i, in quarter t, in block group k,
α is the constant or intercept across the full sample,
Tt is the quarter in which transaction i occurred,
Nk is the census block group in which transaction i occurred,
Xi is a vector of a home characteristics for transaction i (e.g., acres, square feet, age, etc.),
PVi is a fixed effect variable indicating a PV system is installed on the home in transaction i,
β1 is a parameter estimate for the quarter in which transaction i occurred,
β2 is a parameter estimate for the census block group in which transaction i occurred,
β3 is a vector of parameter estimates for home characteristics a,
β4 is a parameter estimate for the PV fixed effects variable, and
εitk is a random disturbance term for transaction i,in quarter t, in block group k.
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A number of models were tested both with and without these temporal controls and with a variety of different
temporal controls (e.g., monthly) and temporal/spatial controls (e.g., quarter and tract interactions). The quarterly
dummy variables were the most parsimonious, and none of the other approaches impacted the results substantively.
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The parameter estimate of primary interest in this model is β4, which represents the marginal
percentage change in sale price with the addition of an average sized PV system. If differences
in selling prices exist between PV and non-PV homes, we would expect the coefficient to be
positive and statistically significant.

An alternative to equation (1) is to interact the PV fixed effect variable (PVi) with the size (in
kW) of the PV system as installed on the home at the time of sale (SIZEi), thereby producing an
estimate for the differences in sales prices as a function of size of the PV system. This base
continuous effect model takes the form:
ln(Pitk ) =
α + β1 ( Tt ) + β 2 ( N k ) + ∑ β3 ( X i ) + β 4 ( PVi ⋅ SIZE i ) + ε itk

(2)

a

where
SIZEi is a continuous variable for the size (in kW) of the PV system installed on the home
prior to transaction i,
β4 is a parameter estimate for the percentage change in sale price for each additional kW
added to a PV system, and all other terms are as were defined for equation (1).

If differences in selling prices exist between PV and non-PV homes, we would expect the
coefficient to be positive and statistically significant, indicating that for each additional kilowatt
added to the PV system the sale price increases by β4 (in % terms).

This continuous effect specification may be preferable to the PV fixed effect model because one
would expect that the impact of PV systems on residential selling prices would be based, at least
partially, on the size of the system, as size is related to energy bill savings. 23 Moreover, this
specification allows for a direct estimate of any PV home sales premium in dollars per watt
($/watt), which is the form in which other estimates – namely average net installed costs – are
reported. With the previous fixed effects specification, a $/watt estimate can still be derived, but

23

Ideally, the energy bill savings associated with individual PV systems could be entered into the model directly,
but these data were not available. Moreover, estimating the savings accurately on a system-by-system basis was not
possible because of the myriad of different rate structures in California, the idiosyncratic nature of energy use at the
household level, and variations in PV system designs and orientations.
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not directly. Therefore, where possible in this paper, greater emphasis is placed on the
continuous effect specification than on the fixed effect estimation.

As mentioned earlier, for each base model we explore a number of different robustness models to
better understand if and to what degree the results are unbiased. In the present research, two
areas of bias are of particular concern: omitted variable bias and sample selection bias.

The omitted variables that are of specific concern are any that might be correlated with the
presence of PV, and that might affect sales prices. An example is energy efficiency (EE)
improvements, which might be installed contemporaneously with a PV energy system. If many
homes with PV have EE improvements, whereas the comparable non-PV homes do not, then
estimates for the effects of PV on selling prices might be inclusive of EE effects and, therefore,
may be inappropriately high. Any other value-influencing home improvements (e.g., kitchen
remodels, new roofs, etc.), if correlated with the presence of PV, could similarly bias the results
if not carefully addressed.

With respect to selection bias, the concern is that the distribution of homes that have installed PV
may be different from the broad sample of homes on which PV is not installed. If both sets of
homes are assumed to have similar distributions but are, in point of fact, dissimilar due to
selection, then the estimates for the effects of PV on the selling price could be inclusive of these
underlying differences but attributed to the existence of PV, thereby also potentially biasing the
results.

To mitigate the issue of omitted variable bias, one robustness model uses the same data sample
as the base model but a different model specification. Specifically, a combined subdivisionblock group fixed effect variable can be substituted, where available, in place of the block group
fixed effect variable as an alternative proxy for “neighborhood.” Potentially omitted variables
are likely to be more similar between PV and non-PV homes at the subdivision level than at the
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block group level, and therefore this model may more-effectively control for such omitted
variables. 24

To mitigate the issue of selection bias, one robustness model uses the same model specification
as the base model but with an alternative (subset) of the data sample. Specifically, instead of
using the full dataset with equations (1) and (2), a “coarsened exact matched” dataset is used
(King et al., 2010). 25 This matching procedure results in a reduced sample of homes to analyze,
but the PV and non-PV homes that remain in the matched sample are statistically equal on their
covariates after the matching process (e.g., PV homes within a block group are matched with
non-PV homes such that both groups are similar in the number of bathrooms, date of sale, etc.).
As a result, biases related to selection are minimized.

Finally, specific to equation (2), a robustness model to mitigate both omitted variable and
selection bias is constructed in which the sample is restricted to include only PV homes (in place
of the full sample of PV and non-PV homes). Because this model does not include non-PV
“comparable” homes, sales prices of PV homes are “compared” against each other based on the
size of the PV systems, while controlling for the differences in the home via the controlling
characteristics (e.g., square feet of living space). PV system size effects are therefore estimated
without the use of non-PV homes, providing an important comparison to the base models, while
also directly addressing any concerns about the inherent differences between PV and non-PV
homes (e.g., whether energy efficient upgrades were made contemporaneously with the PV) and
therefore omitted variable and sample selection bias.
24

Subdivisions are often geographically smaller than block groups, and therefore more accurately control for
geographical influences such as distance to central business district. Moreover, homes in the same subdivision are
often built at similar times using similar materials and therefore serve as a control for a variety of house specific
characteristics that are not controlled for elsewhere in the model. For example, all homes in a subdivision will often
be built using the same building code with similar appliances being installed, both of which might control for the
underlying energy efficiency (EE) characteristics of the home. For homes not situated in a subdivision, the block
group delineation was used, and therefore these fixed effects are referred to as “combined subdivision-block group”
delineations.
25
The procedure used, as described in the referenced paper, is coarsened exact matching (cem) in Stata, available at:
http://ideas.repec.org/c/boc/bocode/s457127.html. The matching procedure creates statistically matched sets of PV
and non-PV homes in each block group, based on a set of covariates, which, for this research, include the number of
square feet, acres, and baths, as well as the age of the home, its elevation, and the date at which it sold. Because this
matching process excludes non-PV homes that are without a statistically similar PV match (and vice versa), a large
percentage of homes (approximately 80% non-PV and 20% PV) are not included in the resulting dataset.
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3.4. New and Existing Home Models
Although equations (1) and (2) are used to estimate whether a PV system, on average, effects
selling prices across the entire data sample, they do not allow one to distinguish any such effects
as a function of house type, specifically whether the home is new or existing. As discussed
earlier, new homes with PV might have different premiums than existing homes. To try to tease
out these possible differences, two base hedonic models are estimated using equation (2), one
with only new homes and the other with only existing homes. 26 Comparing the coefficient of the
variable of interest (β4) between these two models allows for an assessment of the relative size of
the impact of PV systems across the two home types.

Additionally, two sets of robustness models that were discussed earlier are also applied to the
new and existing home models, one using the coarsened exact matched datasets and the other
using the combined subdivision-block group delineations. These models test the robustness of
the results for selection and omitted variable bias, respectively. Although it is discussed
separately as a base model in the following subsection, the difference-in-difference model, using
repeat sales of existing homes, also doubly serves as a robustness test to the existing homes base
model.

3.4.1. Difference-in-Difference Models
One classic alternative to estimating a hedonic model, as briefly discussed earlier, is to estimate a
difference-in-difference (DD) model (Wooldridge, 2009). This model (see Table 1) uses a set of
homes that have sold twice, both with and without PV, and provides estimates of the effect of
adding PV to a subset of those homes as of the second sale (“DD” as noted in Table 1), while
simultaneously accounting for both the inherent differences in the PV and non-PV groups and
the trend in housing prices between the first and second sales of non-PV homes. Repeat sales
models of this type are particularly effective in controlling for selection and certain types of
26

New and existing homes were determined in an iterative process. For PV homes, the type of home was often
specified by the data provider. It was also discovered that virtually all of the new PV homes (as specified by the PV
data providers) had ages, at the time of sale, between negative one and two years, inclusive, whereas the existing PV
homes (as specified by the PV data providers) had ages greater than two years in virtually every case. The small
percentage (3%) of PV homes that did not fit these criteria were excluded from the models. For non-PV homes, no
data specifying the home type were available, therefore, groupings were created following the age at sale criteria
used for PV homes (e.g., ages between negative one and two years apply to new non-PV homes).
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omitted variable bias. In the former case, any underlying difference in home prices between PV
and non-PV homes prior to the addition of PV is controlled for. In the latter case, PV and nonPV homes are assumed to have undergone mostly similar changes (e.g., home improvements)
between sales. Any changes to the home that are coincident with the installation of a PV system
(or the PV system household), on the other hand, are not directly controlled for in this model,
though there is reason to believe that any such remaining influences are not imposing substantial
bias in the present study. 27

The set of PV homes that are used in the DD model are, by default, existing homes (i.e., the
home was not new when the PV system was installed). Estimates derived from this model,
therefore, apply to - while also serving as a robustness tests for - the existing home models as
specified above.
Table 6: Difference-in-Difference Description
PV Homes
Non-PV Homes

Pre PV
PV1
NPV1

Post PV
Difference
PV2
ΔPV = PV2 - PV1
ΔNPV = NPV2 - NPV1
NPV2
DD = ΔPV - ΔNPV

1 and 2 denote time periods

The base DD model is estimated as follows:
ln(Pitk ) =
α + β1 ( Tt ) + β 2 ( N k ) + ∑ β3 ( Xi ) + β 4 ( PVHi ) + β5 (SALE2i ) + β 6 (PVSi ) + ε itk

(3)

a

where
PVHi is a fixed effect variable indicating if a PV system is or will be installed on the home in
transaction i,
27

Support for this assumption comes from two sources. Although surveys (e.g., CPUC, 2010) indicate that PV
homeowners install energy efficient “measures” with greater frequency than non-PV homeowners, the differences
are relatively small and largely focus on lighting and appliances. The former is not expected to substantially impact
sales prices, while the latter could. The surveys also indicate that PV homeowners tend to install other larger EE
measures, such as building shell, water heating and cooling improvements, with greater frequency than non-PV
homes. Additionally, it might also be hypothesized that PV homeowners may be more-likely to have newer roofs
(perhaps installed at the time of PV installation). Dastrop et al. (2010), however, investigated whether home
improvements that might require a permit affect PV home sales premium estimates, and found they did not. It
should be noted that the PV Only model, discussed previously, directly addresses the concern of omitted variable
bias for this analysis.
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SALE2i is a fixed effect variable indicating if transaction i is the second of the two sales,
PVSi is a fixed effect variable (an interaction between PVHi and SALE2i) indicating if
transaction i is both the second of the two sales and contained a PV system at the time of
sale,
α is the constant or intercept across the full sample,
β4 is a parameter estimate for homes that have or will have PV installed (i.e., from Table 6
“PV1 – NPV1”),
β5 is a parameter estimate if transaction i occurred as of the second sale (i.e., “ΔNPV”),
β6 is a parameter estimate if transaction i occurred as of the second sale and the home
contained PV (i.e., “ΔPV – ΔNPV” or “DD”), and all other terms are as were defined for
equation (1).
The coefficient of interest is β6, which represents the percentage change in sale price, as
expressed in 2009 dollars, when PV is added to the home, after accounting for the differences
between PV and non-PV homes (β4) and the differences between the initial sale and the second
sale of non-PV homes (β5). If differences in selling prices exist between PV and non-PV homes,
we would expect the coefficient to be positive and statistically significant. 28

To further attempt to mitigate the potential for omitted variable bias, two robustness models are
estimated for the base DD model: one with the combined subdivision-block group delineations
and a second with a limitation applied on the number of days between the first and second sale. 29
The first robustness model is similar to the one discussed earlier. The second robustness model
accounts for the fact that the home characteristics used (in all models) reflect the most recent
home assessment, and therefore do not necessarily reflect the characteristics at the time of the
sale. Especially worrisome are the first sales in the DD model, which can be as much as 20 years
before the second sale. To test if our results are biased because of these older sales - and the

28

This is the classic model form derived from a quasi-experiment, where the installation of PV is the treatment. An
alternative specification would look at the incremental effect of PV system size holding the starting differences
between PV and non-PV homes as well as the time-trend in non-PV homes constant. This model form was not
evaluated in the current analysis effort, but could be considered grounds for future research in this area.
29
Ideally a matched dataset could be utilized, for reasons described earlier, but because the matching procedure
severely limited the size of the dataset, the resulting dataset was too small to be useful.
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large periods between sales - an additional data screen is applied in which the difference between
the two sale dates is limited to five years. 30

3.5. Age of the PV System for Existing Homes Hedonic Models
The age of the PV system at the time of home sale could affect the sales price premium for
existing homes (PV systems on new homes are, by definition, also new). This might occur
because older PV systems have a shorter expected remaining life and may become somewhat
less efficient with age (and therefore deliver a lower net present value of bill savings), but also
because older PV systems will have generated more energy bill savings for the home seller and
the seller may therefore more-willingly accept a lower price. Together, these factors suggest that
premiums for older PV systems on existing homes would be expected to be lower than for newer
systems. In order to test this directly the following base model is estimated:
ln( Pitk ) =
α + β1 (Tt ) + β 2 ( N k ) + ∑ β3 ( X i ) + β 4 ( PVi ⋅ SIZEi ⋅ AGEi ) + ε itk

(4)

a

where
AGEi is a categorical variable for three groups of PV system age as of the time of sale of the
home: 1) less than or equal to one year old; 2) between 2 and 4 years old; and, 3) five or
more years old.
Therefore, β4 is a vector of parameter estimates for the percentage change in sales price for each
additional kW added to a PV system for each of the three PV system age groups, and all other
terms are as are defined for equation (2). The assumption is that the coefficients for β4 will be
decreasing - indicating they are valued less - as the age of the PV systems decrease. The sample
used for this model is the same as for the existing home model defined previously.

Additionally, two sets of robustness models are explored, one using the coarsened exact matched
dataset and the other using the combined subdivision-block group delineations, to test the
robustness of the results for selection and omitted variable bias, respectively.

30

As was discussed earlier, a screen for this eventuality (using adjaar) is incorporated in our data cleaning. This
test therefore serves as an additional check of robustness of the results.
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3.6. Returns to Scale Hedonic Models
As discussed earlier, it is not unreasonable to expect that any increases in the selling prices of PV
homes may be non-linear with PV system size. In equation (2), it was assumed that estimated
price differences were based on a continuous linear relationship with the size of the system. To
explore the possibility of a non-linear relationship among the full sample of homes in the dataset,
the following model is estimated: 31
ln( Pitk ) =
α + β1 (Tt ) + β 2 ( N k ) + ∑ β3 ( X i ) + β 4 ( PVi ⋅ SIZEi ) + β5 ( PVi ⋅ SIZEi ⋅ SIZEi ) + ε itk

(5)

a

where
β5 is a parameter estimate for the percentage change in sales price for each additional kW
added to a PV system squared, and all other terms are as are defined for equation (2).

A negative statistically significant coefficient (β5) would indicate decreasing returns to scale for
larger PV systems, while a positive coefficient would indicate the opposite.

Somewhat analogously, as was discussed previously, premiums for PV systems may be related
to the size of the home. 32 To test this directly using the full dataset, the following model is
estimated:

α + β1 (Tt ) + β 2 ( N k ) + ∑ β3 ( X i ) + β 4 ( SQFTi ) + β5 ( PVi ⋅ SIZEi ) +
ln( Pitk ) =
a

(6)

β 6 ( PVi ⋅ SIZEi ⋅ SQFTi ) + ε itk
where
SQFTi is a continuous variable for the number of square feet for the home in transaction i, 33
β4 is a parameter estimate for the percentage change in sale price for each additional 1000
square feet added to the home,

31

Neither this nor the following model is coupled with robustness models in this paper.
PV system size is also somewhat correlated with house size as a result of the tendency for increasing energy use
and larger roof areas on larger homes. If this correlation was particularly strong then coefficient estimates could be
imprecise. The correlation between PV house size and PV system size in the full sample of our data, however, is
rather weak, at only 0.14. Clearly, many factors other than house size impact the sizing of PV systems.
33
In all of the previous models the number of square feet is contained in the vector of characteristics represented by
Xi, but in this model it is separated out for clarity.
32
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β5 is a parameter estimate for the percentage change in sale price for each additional kW
added to a PV system,
β6 is a parameter estimate for the percentage change in sale price for each additional 1000
square feet added to PV homes, assuming the size of the PV system does not change, and
all other terms are as were defined for equation (2).
A negative statistically significant coefficient for β6 would indicate decreasing returns to scale
for PV systems as homes increase in size. Alternatively, a positive and statistically significant
coefficient would indicate increasing returns to scale for PV systems installed on larger homes.
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3.7. Model Summary
To summarize, the entire set of 21 estimated models discussed herein is shown in Table 7. The
following definitions of terms, all of which were discussed earlier, are relevant for interpreting
the models listed in the table, and therefore are briefly reviewed again. All “base” models are
coupled with a set of “robustness” models (as noted by a capital “R” in the model number). The
“Other” (returns to scale) models are presented alone. Models 1 - 4 and 6 - 8 use the hedonic
pricing model, whereas Model 5 is based on the difference-in-difference (DD) model. “Fixed”
(versus “continuous”) means that the PV variable is entered into the regression as a zero-one
dichotomous variable (for Models 1-1Rb and 5-5Rb), whereas “continuous” (for all other
models) means that the model estimates the impact of an increase in PV system size on
residential selling prices. Base Models 1, 2, 7 and 8 use the full dataset, while Models 4 and 6
are restricted to existing homes, Model 3 to new homes, and Model 5 to the repeat sales dataset.
The “matched” models use the smaller dataset of coarsened exact matched (PV and non-PV)
homes. “Base” models estimate neighborhood fixed effects at the census block group level,
whereas the “subdivision” models estimate neighborhood fixed effects at the combined
subdivision-block group level.
Table 7: Summary of Models
Model
Number
1
1Ra
1Rb
2
2Ra
2Rb
2Rc
3
3Ra
3Rb
4
4Ra
4Rb
5
5Ra
5Rb
6
6Ra
6Rb
7
8

Model Name
Fixed - Base
Fixed - Matched
Fixed - Subdivision
Continuous - Base
Continuous - Matched
Continuous - Subdivision
Continuous - PV Only
New Homes - Base
New - Matched
New - Subdivision
Existing Homes - Base
Existing - Matched
Existing - Subdivision
Difference-in-Difference (DD) - Base
Difference-in-Difference (DD) - Subdivision
Difference-in-Difference (DD) - Sddif < 5 Years
Age of System - Base
Age of System - Matched
Age of System - Subdivision
Returns to Scale - Size
Returns to Scale - Square Feet

Base Robustness Other
Model
Model
Models Dataset
X
Full
X
Full Matched
X
Full
X
Full
X
Full Matched
X
Full
X
PV Only
X
New
X
New - Matched
X
New
X
Existing
X
Existing - Matched
X
Existing
X
Repeat Sales
X
Repeat Sales
X
Repeat Sales w/ sddif < 5
X
Existing
X
Existing - Matched
X
Existing
X
Full
X
Full
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Neighborhood
Fixed Effects
Block Group
Block Group
Subdivision/Block Group
Block Group
Block Group
Subdivision/Block Group
Block Group
Block Group
Block Group
Subdivision/Block Group
Block Group
Block Group
Subdivision/Block Group
Block Group
Subdivision/Block Group
Block Group
Block Group
Block Group
Subdivision/Block Group
Block Group
Block Group

4. Estimation Results
Estimation results for all 21 models (as defined in Table 7) are presented in Tables 8-11, with the
salient results on the impacts of PV on homes sales prices summarized in Figures 2-4. 34, 35 The
adjusted R2 for all models is high, ranging from 0.93 to 0.95, which is notable because the
dataset spanned a period of unusual volatility in the housing market. The model performance
reflects, in part, the ability of the inflation index and temporal fixed effects variables to
adequately control for market conditions. 36

Moreover, the sign and magnitude of the home and site control variables are consistent with a
priori expectations, are largely stable across all models, and are statistically significant at the 1%
level in most models. 37 Each additional 1000 square feet of living area added to a home is
estimated to add between 19% and 26% to its value, while the first acre adds approximately 40%
to its value with each additional acre adding approximately 1.5%. For each year a home ages, it
is estimated that approximately 0.2% of its value is lost, yet at 60 years, age becomes an asset
with homes older than that estimated to garner premiums for each additional year in age. Finally,
for each additional 100 feet above the median elevation of the other homes in the block group, a
home’s value is estimated to increase by approximately 0.3%. These results can be benchmarked
to other research. Specifically, Sirmans et al. (2005a; 2005b) conducted a meta-analysis of 64
hedonic pricing studies carried out in multiple locations in the U.S. during multiple time periods,
and investigated similar characteristics as included in the models presented here, except for
relative elevation. As a group, each of the home and site characteristic estimates in the present
34

For simplicity, this paper does not present the results for the quarter and block group (nor combined subdivisionblock group) fixed effects, which consist of more than 900 coefficients. These are available upon request from the
authors.
35
All models were estimated with Stata SE Version 11.1 using the “areg” procedure with White’s correction for
standard errors (White, 1980). It should also be noted that all Durbin-Watson (Durbin and Watson, 1951) test
statistics were within the acceptable range (Gujarati, 2003), there was little multicollinearity associated with the
variables of interest, and all results were robust to the removal of any cases with a Cook’s Distance greater than 4/n
(Cook, 1977) and/or standardized residuals greater than four.
36
As mentioned in footnote 22, a variety of approaches were tested to control for market conditions, such as spatial
temporal fixed effects (e.g., census block / year quarter) both with and without adjusted sale prices. The models
presented here were the most parsimonious. As importantly, the results were robust to the various specifications,
which, in turn, provides additional confidence that the effects presented are not biased by the fluctuating market
conditions that have impacted the housing market for some years.
37
In some models, where there is little variation between the cases on the covariate (e.g., acres), the results are nonsignificant at the 10% level.
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study differ from the mean Sirmans et al. estimates by no more than one half of one standard
deviation.

In summary, these results suggest that the hedonic and repeat sales models estimated here are
effectively capturing many of the drivers to home sales prices in California, and therefore
increasing confidence that those same models can be used to accurately capture any PV effects
that may exist.

4.1. Fixed and Continuous Effect Hedonic Model Results
The results from the base hedonic models (equations 1 and 2) are shown in Table 8 as Models 1
and 2, respectively. These models estimate the differences across the full dataset between PV and
non-PV homes, with Model 1 estimating this difference as a fixed effect, and Model 2 estimating
the difference as a continuous effect for each additional kilowatt (kW) of PV added. Also shown
in the table are the results from the robustness tests using the coarsened exact matching
procedure and the combined subdivision-block group delineations, as shown as Models 1Ra and
1Rb for PV fixed effect models and Models 2Ra and 2Rb for continuous effect variables.
Finally, the model that derives marginal impact estimates from only PV homes is shown in the
table as Model 2Rc.

Across all seven of these models (Models 1 – 2Rc), regardless of the specification, the variables
of interest of PV and SIZE are positive and significant at the 10% level, with six out of seven
estimates being significant at the 1% level. Where a PV fixed effect is estimated, the coefficient
can be interpreted as the percentage increase in the sales price of a PV home over the mean nonPV home sales price in 2009 dollars based on an average sized PV system. By dividing the
monetary value of this increase by the number of watts for the average sized system, this
premium can be converted to 2009 dollars per watt ($/watt). For example, for base Model 1,
multiplying the mean non-PV house value of $480,862 by 0.036 and dividing by 3120 watts,
yields a premium of $5.5/watt (see bottom of Table 8). Where SIZE, a continuous PV effect, is
used, the coefficients reflect the percentage increase in selling prices in 2009 dollars for each
additional kW added to the PV system. Therefore, to convert the SIZE coefficient to $/watt, the
mean house value for non-PV homes is multiplied by the coefficient and divided by 1000. For
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example, for base Model 2, $480,862 is multiplied by 0.012 and divided by 1000, resulting in an
estimate of $5.8/watt. 38

As summarized in Figure 2, these base model results for the impact of PV on residential selling
prices are consistent with those estimated after controlling for subdivision fixed effects
($5.4/watt and $5.6/watt for fixed and continuous effects, respectively), differing by no more
than $0.2/watt. On the other hand, the estimated PV premiums derived from the coarsened exact
matched dataset are noticeably smaller, decreasing by 20 to 30%, and ranging from $3.9/watt to
$4.8/watt for fixed and continuous effects, respectively. Alternatively, the PV only Model 2Rc
estimates a higher $/watt continuous effect of $6.4/watt, although that estimate is statistically
significant at a lower 10% level. This estimate, because it is derived from PV homes only,
corroborates that any changes to the home that are coincident with the installation of the PV (e.g.,
energy efficient upgrades) are not influencing results dramatically.

Estimated Average Sale Price Premium
For PV Homes (in $/Watt DC)

Figure 2: Fixed and Continuous Effect Base Model Results with Robustness Tests
$10

Base Models (n = 70425 non-PV, 1894 PV)
Subdivision Robustness Models (n = 70425 non-PV, 1894 PV)
Matched Robustness Models (n = 11864 non-PV, 1465 PV)
PV Only Robustness Model (n = 0 non-PV, 1192 PV)

$9
$8
$7
$6
$5
$4
$3
$2
$1
$0

$5.5

$5.4

$3.9

$5.8

Fixed Effect
Hedonic Model

$5.6

$4.8

$6.4

Continuous Effect
Hedonic Model

Note: Error bars represent the 90% confidence intervals for the underlying sale price premium (% change in sale price) and do not
include variation in either the mean sale price or mean system size, both of which are used to calculate the $/watt premium.

38

To be exact, the conversion is a bit more complicated. For example, for the fixed effect model the conversion is
actually (EXP(LN(480,862)+0.036)-480,862)/3.12/1000, but the differences are de minimis, and therefore are not
used herein.
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Though results among these seven models differ to some degree, the results are consistent in
finding a premium for PV homes over non-PV homes in California, which varies from $3.9 to
$6.4/watt on average, depending on the model specification. These sale price premiums are very
much in line with, if not slightly above, the historical mean net installed costs (i.e., the average
installed cost of a system, after deducting available state and federal incentives) of residential PV
systems in California of approximately $5/watt from 2001 through 2009 (Barbose et al., 2010),
which, as discussed earlier, may be reasonable given that both buyers and sellers might use this
cost as a partial basis to value a home. 39

Additionally, the one other hedonic analysis of PV selling price premiums (which used
reasonably similar models as those employed here but a different dataset, concentrating only on
homes in the San Diego metropolitan area) found a similar result (Dastrop et al., 2010). In their
analysis of 279 homes that sold with PV systems installed in San Diego (our model only
contained 35 homes from this area 40 – See Table 5), Dastrop et al. estimated an average increase
in selling price of $14,069, which, when divided by their mean PV system size of 3.2 kW,
implies an effect of $4.4/watt. 41

39

Although not investigated here, one possible reason for sales price premiums that are above net installed costs is
that buyers of PV homes may in some cases price in the opportunity cost of avoiding having to do the PV
installation themselves, which might be perceived as complex. Moreover, a PV system installation that occurs after
the purchase of the home would likely be financed outside the first mortgage and would therefore loose valuable
finance and tax benefits, thereby making the purchase of a PV home potentially more attractive that installing a PV
system later, even if at the same cost.
40
Though we identified a higher number of PV homes that sold in the San Diego metropolitan area in our dataset,
the home and site characteristics provided to us from the real estate data provider did not contain information on the
year of the sale and therefore were not usable for the purpose of our analysis.
41
In a different model, Dastrop et al. (2010) estimated an effect size of $2.4/watt but, for reasons not addressed here,
this estimate is not believed to be as robust.
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Table 8: Fixed and Continuous Base Hedonic Model Results with Robustness Tests
Base
Model 1
0.036***
(0.005)

pv
size

Fixed
Robustness
Matched
Model 1Ra
0.024***
(0.006)

Robustness
Subdivision
Model 1Rb
0.035***
(0.005)

Base
Model 2

0.012***
(0.002)
0.253*** 0.205***
0.250***
0.253***
(0.001)
(0.006)
(0.001)
(0.001)
0.417*** 0.514***
0.414***
0.416***
(0.009)
(0.040)
(0.010)
(0.009)
0.016*** 0.013
0.015***
0.016***
(0.002)
(0.011)
(0.003)
(0.002)
-0.004*** -0.006***
-0.004***
-0.004***
(0.0002)
(0.0012)
(0.0002)
(0.0002)
0.00003*** 0.00004*** 0.00003*** 0.00003***
(0.000003) (0.000012) (0.000003) (0.000003)
0.003*** 0.015***
0.003***
0.003***
(0.001)
(0.004)
(0.001)
(0.001)
12.703*** 12.961*** 12.710*** 12.702***
(0.010)
(0.044)
(0.012)
(0.010)

sqft_1000
lt1acre
acre
ages2
ages2sqr
bgre_100
intercept

Continuous
Robustness Robustness Robustness
Matched Subdivision PV Only
Model 2Ra Model 2Rb Model 2Rc

0.010***
(0.002)
0.205***
(0.006)
0.510***
(0.040)
0.013
(0.010)
-0.006***
(0.0012)
0.00004***
(0.000012)
0.015***
(0.004)
12.957***
(0.043)

0.012***
(0.001)
0.250***
(0.001)
0.413***
(0.010)
0.015***
(0.003)
-0.004***
(0.0002)
0.00003***
(0.000003)
0.003***
(0.001)
12.710***
(0.012)

0.013*
(0.008)
0.224***
(0.010)
0.441***
(0.066)
-0.002
(0.012)
-0.008***
(0.0030)
0.00004***
(0.000033)
0.013***
(0.005)
12.842***
(0.073)

Numbers in parenthesis are standard errors, *** p<0.01, ** p<0.05, * p<0.1
Results for subdivision, block group, and quarterly fixed effect variables are not
reported here, but are available upon request from the authors
Total n
2

Adjusted R
n (pv homes)
Mean non-pv asp2
Mean size (kW)
Estimated $/Watt

72,319
13,329
72,319
72,319
13,329
72,319
1,192
0.93
0.95
0.94
0.93
0.95
0.94
0.93
1,894
1,465
1,894
1,894
1,465
1,894
1,192
$ 480,862 $ 480,533 $ 480,862 $ 480,862 $ 480,533 $ 480,862 $ 475,811
3.1
3.0
3.1
3.1
3.0
3.1
2.7
$

5.5 $

3.9 $

5.4 $

5.8 $

4.8 $

5.6 $

6.4

PV Only Model Notes: Mean non-pv asp2 amount shown is actually the mean PV asp2. Sample is limited to
blockgroups with more than one PV home

4.2. New and Existing Home Model Results
Turning from the full dataset to one specific to the home type, we estimate continuous effects
models for new and existing homes (see equation (2)). These results are shown in Table 9, with
Model 3 the base model for new homes and Model 4 the base model for existing homes. Also
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shown are the results from the robustness tests using the coarsened exact matching procedure and
the combined subdivision-block group delineations, as Models 3Ra and 3Rb, respectively, for
new homes, and as Models 4Ra and 4Rb, respectively, for existing homes.

The coefficient of interest, SIZE, is statistically significant at or below the 10% level in all of the
new home models and at the 1% level in all of the existing home models. Estimates for the
average $/watt increase in selling prices as a result of PV systems (as summarized in Figure 3,
which also includes the results presented earlier for all homes, Models 2, 2Ra, and 2Rb) for new
homes are quite stable, ranging from $2.3 to $2.6/watt. In comparison, for PV sold with existing
homes, not only are the selling price impacts found to be higher, but their range across the three
models is somewhat greater, ranging from $ 6.4 to $7.7/watt.

Estimated Average Sale Price Premium
For PV Homes (in $/Watt DC)

Figure 3: New and Existing Home Base Model Results with Robustness Tests
$12

All Homes (Non-PV & PV n in Base & Subdivision Models: 70425, 1894; in Matched Models: 11864, 1465)

$11

New Homes (Non-PV & PV n in Base & Subdivision Models: 26938, 935; in Matched Models: 7266, 802)

$10

Existing Homes (Non-PV & PV n in Base & Subdivision Models: 43487, 897; in Matched Models: 4269, 618)

$9
$8
$7
$6
$5
$4
$3
$2
$1
$0

$5.8 $2.3 $7.7

$5.6 $2.6 $6.5

$4.8 $2.6 $6.4

Base (Continuous)
Hedonic Models

Subdivision Robustness
Hedonic Models

Matched Robustness
Hedonic Models

Note: Error bars represent the 90% confidence intervals for the underlying sale price premium (% change in sale price) and do not
include variation in either the mean sale price or mean system size, both of which are used to calculate the $/watt premium.

Though the reasons for the apparent discrepancy in selling price impacts between new and
existing homes are unclear, and warrant future research, they might be explained, in part, by the
difference in average net installed costs, which, from 2007 to 2009, were approximately
$5.2/watt for existing homes and $4.2/watt for new homes in California (derived from the dataset
used for Barbose et al., 2010). The gap in net installed costs between new and existing homes is
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not wide enough to fully account for these findings, however, with the model estimates for PV
selling price premiums below the average net installed costs for new homes and above the
average net installed costs for existing homes. 42

Several alternative explanations for the disparity between new and existing home premiums exist.
As discussed previously, there is evidence that builders of new homes might discount premiums
for PV if, in exchange, PV systems provide other benefits for new home developers, such as
greater product differentiation and increased the sales velocity, thus decreasing overall carrying
costs (Dakin et al., 2008; SunPower, 2008). Further, sellers of new homes with PV might be
reluctant to aggressively increase home sale prices for installed PV systems because of the
burgeoning state of the market for PV homes and concern that more aggressive pricing could
even slow home sales. Additionally, because many builders of new homes found that offering PV
as an option, rather than a standard feature, posed a set of difficulties (Farhar et al., 2004b; Dakin
et al., 2008), it has been relatively common in past years for PV to be sold as a standard feature
on homes (Dakin et al., 2008). This potentially affects the valuation of PV systems for two
reasons. First, because sales agents for the new PV homes have sometimes been found to either
not be well versed in the specifics of PV and felt that selling a PV system was a new sales pitch
(Farhar et al., 2004b) or to have combined the discussion of PV with a set of other energy
features (Dakin et al., 2008), up-selling the full value of the PV system as a standard product
feature might not have been possible. Secondly, the average sales price of new homes in our
dataset is lower than the average sales price of existing homes: to the extent that PV is
considered a luxury good, it may be somewhat less-highly valued for the buyers of these homes.

These downward influences for new homes are potentially contrasted with analogous upward
influences for existing homes. Related, buyers of existing homes with PV may - to a greater
degree than buyers of the less expensive new homes in our sample - be self selected towards
those who place particular value on a PV home, and therefore value the addition more. Finally,
in contrast to new home sellers, who might not be familiar with the intricacies and benefits of the
42

A small number of “affordable homes” (n = 7) are included in the new PV homes subset, which, as a group,
appear to have a slight downward yet inconsequential effect on the overall sales premium results, and therefore were
not investigated further herein. If the number of affordable homes with PV was significant in future research, those
effects would best be controlled for directly.
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PV system, existing home sellers are likely to be very familiar with the particulars of the system
and its benefits, and therefore might be able to “up-sell” it more effectively.

These possible influences, in combination, may explain the difference in average PV premium
between new and existing homes. The present analysis did not seek to disentangle or evaluate
these specific drivers, however, leaving that important effort for future research.
Table 9: New and Existing Home Base Hedonic Model Results with Robustness Tests
New Homes
Robustness
Matched
Model 3
Model 3Ra
0.006*
0.006*
(0.003)
(0.003)
0.247***
0.190***
(0.002)
(0.006)
0.536***
0.279***
(0.019)
(0.073)
-0.007
0.338***
(0.005)
(0.027)
-0.010
0.081***
(0.006)
(0.017)
0.00768*** -0.02443***
(0.001676) (0.004407)
0.008***
0.027***
(0.001)
(0.003)
12.651*** 12.585***
(0.022)
(0.066)
Base

size
sqft_1000
lt1acre
acre
ages2
ages2sqr
bgre_100
intercept

Robustness
Subdivision
Model 3Rb
0.006**
(0.003)
0.250***
(0.002)
0.517***
(0.024)
-0.009*
(0.005)
-0.010*
(0.006)
0.00715***
(0.001604)
0.007***
(0.001)
12.627***
(0.025)

Existing Homes
Robustnes Robustness
Matched Subdivision
Model 4 Model 4Ra Model 4Rb
0.014***
0.011***
0.012***
(0.002)
(0.002)
(0.002)
0.256***
0.238***
0.251***
(0.002)
(0.015)
(0.002)
0.373***
0.426***
0.376***
(0.010)
(0.046)
(0.012)
0.019***
0.011
0.017***
(0.002)
(0.011)
(0.003)
-0.005*** -0.006*** -0.005***
(0.000)
(0.002)
(0.000)
0.00004*** 0.00004*** 0.00004***
(0.000003) (0.000014) (0.000004)
0.002
-0.002
0.002
(0.001)
(0.009)
(0.001)
12.820*** 13.023*** 12.833***
(0.013)
(0.077)
(0.014)
Base

Numbers in parenthesis are standard errors, *** p<0.01, ** p<0.05, * p<0.1
Results for subdivision, block group, and quarterly fixed effect variables are not
reported here, but are available upon request from the authors
Total n
2

Adjusted R
n (pv homes)
Mean non-pv asp2
Mean size (kW)
Estimated $/Watt

27,873
0.94
935
$ 397,265 $
2.5
$

2.3 $

8,068
27,873
44,384
4,887
44,384
0.94
0.94
0.93
0.95
0.94
802
935
897
618
897
399,162 $ 397,265 $ 532,645 $ 590,428 $ 532,645
2.4
2.5
3.8
3.7
3.8
2.6 $

2.6 $
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7.7 $

6.4 $

6.5

4.2.1. Difference-in-Difference Model Results
Delving deeper into PV system impacts on existing homes, Table 10 (and Figure 4) shows the
results of the base Difference-in-Difference Model 5 as well as results from the two robustness
tests (all of which can be compared to Models 4, 4Ra, and 4rb above, as is done in Figure 4). As
a reminder, one robustness model limited the differences in sales dates between the first and
second sales to five years (Model 5Rb), and the other robustness model used the combined
subdivision-block group delineations as fixed effects variables (Model 5Rc). The variables of
interest are PVH, SALE2 and especially PVS.

PVH estimates the difference in the first sale prices of homes that will have PV installed (as of
the second sale date) relative to non-PV homes. The three models are consistent in their
estimates, showing approximately a 2% premium for “future” PV homes, though only two of
these estimates are statistically significant, and then only at the 10% level. Regardless, this
finding suggests that PV homes tend to sell for somewhat more even before the installation of
PV, presumably as a result of other amenities that are correlated with the (ultimate) installation
of PV (such as, potentially, energy efficiency features). SALE2 estimates the price appreciation
trend between the first and second sales for all homes. The coefficient for this variable is
significant at the 1% level, and is fairly stable across the models, indicating a clear general trend
of price increases, over and above inflation adjustments, of approximately 2% to 2.5% between
the first and second sales.

Finally, and most importantly, homes with PV systems installed on them as of the second sale after controlling for any inherent differences in first sale prices (PVH) and any trend between the
first and second sales (SALE2) - show statistically significant sale price premiums of
approximately 5 to 6%. These premiums equate to an increase in selling prices of approximately
$6/watt for existing homes, closely reflecting the results presented earlier for the hedonic models
in Table 9 and Figure 3. For comparison purposes, both sets of results are presented in Figure 4.

The premium for existing PV homes as estimated in the DD Models 5, 5Ra, and 5Rb and both
robustness tests for the hedonic model (using the “matched” and “subdivision” datasets, Models
4Ra and 4Rb respectively) are consistently between $6 and $6.5/watt and are in line with –
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though slightly higher than - the mean net installed costs of PV on existing homes in California
of approximately $5.2/watt from 2007 through 2009. The base hedonic existing home model, on
the other hand, estimates a higher premium of $7.7/watt. One possible explanation for this
inconsistency is that the two robustness tests for the hedonic model and the various difference-indifference models are less likely to be influenced by either selection or omitted variable bias than
the base hedonic model. Regardless of the absolute magnitude, a sizable premium for existing
PV homes over that garnered by new PV homes is clearly evident in these and the earlier results.
Figure 4: Existing Home Hedonic and Difference-in-Difference Model Results with

Estimated Average Sale Price Premium
For PV Homes (in $/Watt DC)

Robustness Tests
$15
$14
$13
$12
$11
$10
$9
$8
$7
$6
$5
$4
$3
$2
$1
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Base Models (Non-PV & PV n: Existing-43487, 897; DD-27919, 394)
Subdivision Robustness Models (Non-PV & PV n: Existing-43487, 897; DD-27919, 394)
Matched Robustness Model (Non-PV & PV n: Existing-4269, 618)
SDDif < 5 Years Robustness Model (Non-PV & PV n: DD-19106, 159)

$7.7

$6.5

$6.4

$6.2

Existing Homes
Hedonic Model

$6.0

$6.3

Existing Homes
Difference-in-Difference Model

Note: Error bars represent the 90% confidence intervals for the underlying sale price premium (% change in sale price) and do not
include variation in either the mean sale price or mean system size, both of which are used to calculate the $/watt premium.
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Table 10: Difference-in-Difference Model Results
Difference-in-Difference
Base
Robustness Robustness
Subdivision Sddif < 5
Model 5
Model 5Ra Model 5Rb
pvh
0.022*
0.024
0.022*
(0.013)
(0.021)
(0.012)
sale2
0.023***
0.026***
0.019***
(0.002)
(0.002)
(0.002)
pvs
0.051***
0.061**
0.049***
(0.017)
(0.027)
(0.015)
sqft_1000
0.255***
0.256***
0.251***
(0.002)
(0.002)
(0.002)
lt1acre
0.374***
0.385***
0.377***
(0.011)
(0.013)
(0.012)
acre
0.012***
0.009**
0.011***
(0.003)
(0.004)
(0.003)
age
-0.005***
-0.005***
-0.005***
(0.0002)
(0.0003)
(0.0003)
agesqr
0.00004*** 0.00004*** 0.00004***
(0.000003)
(0.000003)
(0.000003)
bgre_100
0.002*
0.000
0.001
(0.001)
(0.001)
(0.001)
intercept
12.677*** 12.594*** 12.694***
(0.013)
(0.015)
(0.014)
Numbers in parenthesis are standard errors. *** p<0.01,
** p<0.05, * p<0.1. Results for subdivision, block group,
and quarterly fixed effect variables are not reported here,
but are available upon request from the authors
Total n
2

Adjusted R
n (pv homes)
Mean non-pv asp2
Mean size (kW)
Estimated $/Watt

$
$

28,313
0.93
394
488,127 $
4.0

19,265
0.94
159
450,223 $
4.3

6.2 $

6.3 $

28,313
0.94
394
488,127
4.0
6.0

4.3. Age of PV System for Existing Home Hedonic Model Results
To this point, the marginal impacts to selling prices of each additional kW of PV added to
existing homes have been estimated using the full dataset of existing homes, which has produced
an average effect, regardless of the age of the PV system. As discussed previously, it is
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conceivable that older PV systems would garner lower premiums than newer, similarly sized
systems. To test this directly, a base model is constructed - see equation (4) - that estimates the
marginal impacts for three age groups of PV systems: no more than one year old at the time of
sale; between two and four years old; and five or more years old. Results from this model as
well as two robustness tests, using the coarsened exact matching procedure and the combined
subdivision-block group delineations, are shown in Table 11 as Models 6, 6Ra, and 6Rb,
respectively.

Each model finds statistically significant differences between PV and non-PV homes for each
age group, and more importantly, premium estimates for newer PV systems are - as expected larger than those for older PV systems and are monotonically ordered between groups, providing
some evidence that older systems are being discounted by the buyers and sellers of PV homes.
Specifically, the three models estimate an average premium for PV systems that are one year or
less in age of $8.3-9.3/watt, whereas those same models estimate an average premium of $4.16.1/W for systems that are five or more years old.

4.4. Returns to Scale Hedonic Model Results
In the previous modeling, the marginal impacts to selling prices of each additional kW of PV in
the continuous models have been estimated using a linear relationship. To test whether a nonlinear relationship may be a better fit, a SIZE squared term is added to the model as shown in
equation (5). Similarly, decreasing or increasing returns to scale might be related to other house
characteristics, such as the size of the home (i.e., square feet). This hypothesis is explored using
equation (6). Both model results are shown in Table 11 as Model 7 and 8, respectively.

Both models find small and non-statistically significant relationships between their interacted
variables, indicating a lack of compelling evidence of a non-linear relationship between PV
system size and selling price in the dataset, and a lack of compelling evidence that the linear
relationship is affected by the size of the home. As such, the impact of PV systems on residential
selling prices appears to be well approximated by a simple linear relationship, while the size of
the home is not found to impact the PV sales price premium. In combination, these results seem
to suggest that while California’s tiered rate structures may lead to energy bill savings from PV
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investments that vary non-linearly with PV system size and also vary by home size, those same
rate structures have not – to this point – led to any clear impact on the PV premium garnered at
the time of home sale. Similarly, though larger PV systems may be installed at a discount to
smaller ones on a $/watt basis, and though any marginal green cachet that exists may diminish
with system size, those possible influences are not apparent in the results presented here.
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Table 11: Age of PV System and Return to Scale Hedonic Model Results
Age of PV Systems for Existing Homes
Returns
Base
Robustness Robustness
Size
Matched Subdivision
Model 6
Model 6Ra Model 6Rb
Model 7
size*1 year old
0.016***
0.016***
0.013***
(-0.004)
(-0.005)
(-0.004)
size*2-4 years old 0.015***
0.010***
0.013***
(-0.002)
(-0.003)
(-0.002)
size*5+ years old 0.012***
0.008**
0.008**
(-0.003)
(-0.004)
(-0.003)
size
0.008**
(0.003)
sizesqr
0.001
(0.001)
size*sqft_1000

to Scale
Square Feet
Model 8

0.021***
(0.006)

-0.003
(0.002)
sqft_1000
0.256***
0.238***
0.251***
0.253***
0.253***
(0.002)
(0.015)
(0.002)
(0.001)
(0.001)
lt1acre
0.373***
0.426***
0.376***
0.416***
0.416***
(0.010)
(0.046)
(0.012)
(0.009)
(0.009)
acre
0.019***
0.010***
0.017***
0.016***
0.016***
(0.002)
(0.011)
(0.003)
(0.002)
(0.002)
ages2
-0.005***
-0.006***
-0.005***
-0.004***
-0.004***
(0.000)
(0.002)
(0.000)
(0.000)
(0.000)
ages2sqr
0.000***
0.000***
0.000***
0.000***
0.000***
(0.000)
(0.000)
(0.000)
(0.000)
(0.000)
bgre_100
0.002***
-0.002***
0.002***
0.003***
0.003***
(0.001)
(0.009)
(0.001)
(0.001)
(0.001)
intercept
12.820*** 13.024*** 12.834*** 12.702*** 12.701***
(0.013)
(0.078)
(0.014)
(0.010)
(0.011)
Numbers in parenthesis are standard errors. *** p<0.01, ** p<0.05, * p<0.1
Results for subdivision, block group, and quarterly fixed effect variables are not
reported here, but are available upon request from the authors
Total n
2

Adjusted R
n (pv homes)
Mean non-pv asp2
Mean size (kW)
Estimated $/Watt

44,384
4,887
44,384
0.93
0.95
0.94
897
618
897
$ 532,645 $ 590,428 $ 532,645 $
3.8
3.7
3.8
$8.3 - $6.1
$9.3 - $4.9
$7.0 - $4.1 $

72,319
0.93
1,894
480,862 $
3.1
6.3 $

72,319
0.93
1,894
480,862
3.1
6.4

Note: $/watt estimates for Returns to Scale models include the non-statistically
significant interaction coefficients and therefore should be interpreted with caution
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5. Conclusions
The market for solar PV is expanding rapidly in the U.S. Almost 100,000 PV systems have been
installed in California alone, more than 90% of which are residential. Some of those “PV homes”
have sold, yet little research exists estimating if those homes sold for significantly more than
similar non-PV homes. Therefore, one of the claimed incentives for solar homes - namely that a
portion of the initial investment into a PV system will be recouped if the home is sold – has, to
this point, been based on limited evidence. Practitioners have sometimes transferred the results
from past research focused on energy efficiency and energy bills more generally and, while
recent research has turned to PV that research has so far focused largely on smaller sets of PV
homes concentrated in certain geographic areas. Moreover, the home sales price effect of PV on
a new versus an existing home has not previously been the subject of research. Similarly
unexplored has been whether the relationship of PV system size to home sales prices is linear,
and/or is affected by either the size of the home or the age of the PV system.

This research has used a dataset of approximately 72,000 California homes, approximately 2,000
of which had PV systems installed at the time of sale, and has estimated a variety of different
hedonic and repeat sales models to directly address the questions outlined above. Moreover, an
extensive set of robustness tests were incorporated into the analysis to test and bound the
possible effects and increase the confidence of the findings by mitigating potential biases. The
research was not intended to disentangle the various individual underlying influences that might
dictate the level of the home sales price premium caused by PV, such as, energy costs savings,
the net (i.e., after applicable state and federal incentives) installed cost of the PV system, the
possible presence of a green cachet, or seller attributes. Instead, the goal was to establish
credible estimates for the aggregate PV residential sale price effect across a range of different
circumstances (e.g., new vs. existing homes, PV system age).

The research finds strong evidence that homes with PV systems in California have sold for a
premium over comparable homes without PV systems. More specifically, estimates for average
PV premiums range from approximately $3.9 to $6.4 per installed watt (DC) among a large
number of different model specifications, with most models coalescing near $5.5/watt. That
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value corresponds to a premium of approximately $17,000 for a relatively new 3,100 watt PV
system (the average size of PV systems in the study). These results are similar to the average
increase for PV homes found by Dastrop et al. (2010), which used similar methods but a
different dataset, one that focused on homes in the San Diego metropolitan area. Moreover,
these average sales price premiums appear to be comparable to the average net (i.e., after
applicable state and federal incentives) installed cost of California residential PV systems from
2001-2009 (Barbose et al., 2010) of approximately $5/watt, and homeowners with PV also
benefit from electricity cost savings after PV system installation and prior to home sale.

Although the results for the full dataset from the variety of models are quite similar, when the
dataset is split among new and existing homes, PV system premiums are found to be markedly
affected, with new homes demonstrating average premiums of $2.3-2.6/watt, while existing
homes are found to have average premiums of $6-7.7/watt. Possible reasons for this disparity
between new and existing PV homes include: differences in underlying net installation costs for
PV systems; a willingness among builders of new homes to accept a lower PV premium because
PV systems provide other benefits to the builders in the form of product differentiation, leading
to increased sales velocity and decreased carrying costs; and, lower familiarity and/or interest in
marketing PV systems separately from the other features of new homes contrasted with a likely
strong familiarity with the PV systems among existing home sellers.

The research also investigated the impact of PV system age on the sales price premium for
existing homes, finding - as would be expected - evidence that older PV systems are discounted
in the marketplace as compared to newer PV systems. Finally, evidence of returns to scale for
either larger PV systems or larger homes was investigated but not found.

In addition to benchmarking the results of this research to the limited previous literature
investigating the sales price premiums associated with PV, our results can also be compared to
previous literature investigating premiums associated with energy efficiency (EE) or, more
generally, energy cost savings. A number of those studies have converted this relationship into a
ratio representing the relative size of the home sales price premium to the annual savings
expected due to energy bill reductions. These ratios have ranged from approximately 7:1
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(Longstreth et al., 1984; Horowitz and Haeri, 1990), to 12:1 (Dinan and Miranowski, 1989), to
approximately 20:1 (Johnson and Kaserman, 1983; Nevin et al., 1999; Eichholtz et al., 2009),
and even as high as 31:1 (Nevin and Watson, 1998).

Although actual energy bill savings from PV for the sample of homes used for this research were
not available, a rough estimate is possible, allowing for a comparison to the previous results for
energy-related homes improvements and energy efficiency. Specifically, assuming that 1,425
kWh (AC) are produced per year per kW (DC) of installed PV on a home (Barbose et al., 2010;
CPUC, 2010) 43 and that this production offsets marginal retail electricity rates that average
$0.20/kWh (AC) (Darghouth et al., 2010), each watt (DC) of installed PV can be estimated to
save $0.29 in annual energy costs. Using these assumptions, the $/watt PV premium estimates
reported earlier can be converted to sale price to annual energy savings ratios (see Figure 5).

A $3.9 to $6.4/watt premium in selling price for an average California home with PV installed
equates to a 14:1 to 22:1 sale price to energy savings ratio, respectively. For new homes, with a
$2.3-2.6/watt sale price premium, this ratio is estimated to be 8:1 or 9:1, and for existing homes,
with an overall sale price premium range of $6-7.6/watt, the ratio is estimated to range from 21:1
to 26:1. Without actual energy bill savings, these estimates are somewhat speculative, but
nonetheless are broadly consistent with the previous research that has focused on EE-based home
energy improvements.

43

The 1,425 kWh (AC) estimate is based on a combination of a 19% capacity factor (based on AC kWh and CECAC kW) from CPUC (2010), and an 0.86 conversion factor between CEC-AC kW and DC kW (Barbose et al.,
2010).
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Estimated Sale Price Premium
To Annual Energy Cost Savings Ratio

Figure 5: Estimated Ratios of Sale Price Premium to Annual Energy Cost Savings
Base Models
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Matched Models
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Hedonic
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New Homes
Hedonic
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Existing Homes
Hedonic
Models

Existing Homes
Difference-in
Difference
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*All Homes Models Include Fixed and Continuous. The following assumptions were used for this calculation: 1,425 kWh AC are
produced by each kW DC of PV. Energy cost savings equal $0.20/kWh AC. Sources: CPUC, 2010; Barbose et al., 2010.

Although this research finds strong evidence that homes with PV systems in California have sold
for a premium over comparable homes without PV systems, the extrapolation of these results to
different locations or market conditions (e.g., different retail rates or net installed costs) should
be done with care.

Finally, additional questions remain that warrant further study. Perhaps most importantly,
although the dataset used for this analysis consists of almost 2,000 PV homes, the study period
was limited to sales occurring prior to mid-2009 and the dataset was limited to California.
Future research would therefore ideally include more-recent sales from a broader geographic
area to better understand any regional/national differences that may exist as well as any changes
to PV premiums that occur over time as the market for PV homes and/or the net installed cost of
PV changes. More research is also warranted on new versus existing homes to better understand
the nature and underlying drivers for the differential premium discovered in this research; in
addition to further hedonic analysis, that research could include interviewing/surveying home
builders and buyers and exploring the impact of demographic, socio-economic, and others
factors on the PV premium.
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Additionally, future research might compare sales price premiums to actual annual home energy
cost savings, to not only to explore the sale price to annual energy cost savings ratio directly, but
also to explore if a green cachet exists over and above any sale price premiums that would be
expected from energy cost savings alone. Further, house-by-house PV system and other
information not included in the present study might be included in future studies, such as the
actual net installed costs of PV for individual households, rack-mounted or roof-integrated
distinctions as well as other elements of PV system design, the level of energy efficiency of the
home, whether the home has a solar hot water heater, whether the PV system is customer or 3rd
party owned at the time of sale, and if the homeowner can sell the green attributes the system
generates. 44 Such research could elucidate important differences in PV premiums among
households, PV system designs and state and federal programmatic designs, as well as bolster
confidence in the magnitude of the PV premium estimated here. Finally, and more generally,
additional research could investigate the impact of PV systems on the time homes remain on the
market before sale, a factor that may be especially important for large developers and sellers of
new homes.
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3rd party owned PV systems would not be expected to command the same sort of premium as was discovered here.
Although the level of penetration of 3rd party owners in our data was not significant (below 10%), and therefore
would likely have not influenced our results in a substantive way, any future research, using more recent data, must
account for their inclusion specifically.
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Abstract
As of the second quarter of 2016 more than 1.1 million solar photovoltaic (PV) homes exist in the US.
Capturing the value these PV systems add to home sales is therefore important. Our study enhances the
PV-home-valuation literature by analyzing 22,822 home sales, of which 3,951 have PV, and which span
eight states during 2002–2013. We also, for the first time, compare premiums with contributory value
estimates derived from the present value of saved energy costs (income approach) and, separately, the
replacement cost of systems at the time of sale (cost approach) to examine market signals. We find home
buyers are consistently willing to pay PV home premiums across various states, housing and PV markets,
and home types; average premiums equate to approximately $4/W or $15,000 for an average-sized 3.6kW PV system. We find that a replacement cost net of state and federal incentives is a better proxy for
premiums than gross installed costs, and that the income approach is a good signal if it accounts for tiered
volumetric retail rates. Other results include detailed premium analyses for PV home sub-populations.
Keywords: Solar, PV, Home Prices, Hedonic, Premium, Depreciation
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Highlights






4,000 transactions of solar homes in eight states spanning 2002–2013 are analyzed
Premiums are present across the data including sub-samples
Premiums equate to ~ $4/W or $15,000 for an average-sized 3.6-kW PV system
Premiums decrease dramatically as PV systems age 10 years, dropping almost 60%
Net cost estimates seem to be generally consistent with market value premiums
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Statement of Significance

As of the second quarter of 2016 more than 1.1 million solar photovoltaic (PV) homes exist in the US.
Capturing the value these PV systems add to home sales is therefore important. Since 2013 virtually no
new research has emerged on the subject of contributory value of PV on homes, despite that there have
been a number of high profile news stories claiming that solar can adversely affect sales of homes.
Our study enhances the PV-home-valuation literature by analyzing the largest number of solar home sales
to-date. We also, for the first time, compare hedonic model premiums with contributory value estimates
derived from the present value of saved energy costs (income approach) and, separately, the replacement
cost of systems at the time of sale (cost approach) to examine market signals.
We find home buyers are consistently willing to pay PV home premiums across various states, housing
and PV markets, and home types. We find that a replacement cost net of state and federal incentives is a
better proxy for premiums than gross installed costs, and that the income approach is a good signal if it
accounts for tiered volumetric retail rates.
These results should provide strong evidence to the policy makers at HUD, Fannie Mae, Freddie Mac and
other institutions, as well as the research and industry communities that premiums do exist for some PV
homes, and that additional research is warranted in the area.
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1. Introduction
As of the second half of 2016, solar photovoltaic (PV) energy systems have been installed on more than
1.1 million properties in the United States; more than 300,000 systems were installed in 2015 alone
(SEIA & GTM, 2016). This growth is in part related to the dramatic decrease in installed PV costs over
the last 10 years (Barbose et al., 2014) as well as the increase in financing options for property owners
installing PV, such as leased PV systems and other zero-money-down purchase options (SEIA & GTM,
2016). The U.S. Department of Energy estimates that achieving its SunShot PV system price-reduction
targets could result in 108 GW of residential rooftop PV installed by 2050—equivalent to 30 million
American homes with PV (US DOE, 2012).1
As PV installations have proliferated, so has the number of transactions involving homes with PV
(Adomatis and Hoen, 2016). Because of this, the real estate sales and valuation communities have
evolved accordingly (Adomatis, 2014). For example, courses on the valuation and marketing of green
features are available through the Appraisal Institute and the National Association of REALTORS®,2
respectively. New policy documents have been issued by Fannie Mae (2016) and the Federal Housing
Administration (HUD, 2016), which provide appraisers the tools and guidance for recognizing solar as a
potentially valuable asset.
Despite the activity around valuing PV homes, little research documents the premiums for these homes.
Farhar and Coburn (2008) first documented the apparent increase in values for 15 PV homes inside a San
Diego subdivision. This was later corroborated by strong empirical evidence from greater San Diego and
Sacramento (Dastrup et al., 2012) and from a dataset of approximately 1,900 California PV homes (Hoen
et al., 2011; 2013a; 2013b); these studies employed hedonic pricing models to estimate premiums.
Additionally, three appraiser-led studies using paired sales analysis of fewer than 45 homes found further
evidence of premiums in Oregon (Watkins, 2011) the Denver metro area (Desmarais, 2013), and from six
states in the US (Adomatis and Hoen, 2016). Because the evidence that PV homes garner a premium has
focused on a relatively small number of California homes and a few in Colorado, Oregon and other states,
there is need for further evidence of premiums outside of California and even inside California using large
datasets. There is also a need to analyze transactions that occurred after the housing bubble ended in
2008, because most previous studies analyzed transactions that occurred during that bubble (Hoen et al.,
2011; 2013a; 2013b).
In most local markets, few PV home sales occur, thus appraisers and other real estate professionals (real
estate agents, lenders, underwriters, etc.) often cannot compare similar PV and non-PV home sales to
derive a PV premium. Because of this, valuation professionals often use other methods to value PV
systems, including the income and cost methods (Klise et al., 2013; Adomatis, 2014; FHA, 2015).
Although some past studies have compared results from these methods to results derived from transaction
analysis (Desmarais, 2013; Hoen et al., 2013a), they have not applied statistical analysis and thus cannot
statistically quantify the comparisons. Such a statistical comparison would be a valuable contribution to
the literature, especially using a more recent and broader group of transactions.
Other considerations are important as well. The gross installed costs (i.e., costs before state and federal
incentives) of PV systems have declined steadily in recent years, while net costs (i.e., with incentives
included) have remained fairly stable (Barbose et al., 2014). There also has been evidence that the new
home market in California heavily discounted PV homes during the housing boom and bust (through

1

Assuming the average PV system size of 3.6 kW found for all PV homes in this study.

2

See, e.g., http://www.appraisalinstitute.org/education/education-resources/green-building-resources/ and
http://www.greenresourcecouncil.org/.
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2009) in comparison to the premiums garnered by existing home sellers (Hoen et al., 2011; 2013a).3
Finally, previous literature suggests the need for more research on the market’s depreciation of aging PV
systems, especially for systems greater than 6 years old, which have not been well studied because of the
immaturity of the PV market (Hoen et al., 2011; 2013a; 2013b).
In summary, the existing literature leaves open a number of questions, each of which the present research
seeks to address. Table 1 shows these questions along with models and sample sets, which are discussed
later.
Table 1: Summary of Research Questions, Models, and Sample Sets
Model
Name

Sample Set(s)

1. Are PV home premiums evident for a broader
group of PV homes than has been studied
previously both inside and outside of California
and through 2013?

Base Model

All Data

2. Are PV home premiums outside of California
similar to those within California?

Location
Models

CA vs. Non-CA Homes

3. How do PV home premiums compare to
contributory values estimated using the cost and
income methods?

Various
Models

All Data, or Subsets of Data, But
Compare Results To Income and
Cost Methods

4. How did the size of the premium change over
the study period, as gross PV system prices
decreased and during housing market swings?

Year of Sale
Models

Subsets of Years in Sample Period
(e.g., Pre-'08; 08-09, 10-11, Post 11)

5. Are premiums for new PV homes similar to
existing PV home premiums?

Home Type
Models

New vs. Existing Homes

6. How does the age of the PV system influence
the size of the PV premium?

Age of PV
System
Models

Subsets of PV System Ages
(e.g., < 2 years; 2-4; 5-6; 7-14 years)

Research Question

This research focuses on only host-owned PV systems and therefore excludes third-party-owned systems,
which, we recommend, should be included in future research because they make up a large percentage of
the most recent PV installations.
The remainder of this report is organized as follows: Section 2 discusses our methodological approach,
Section 3 details the data used for the analysis, Section 4 presents the results, and Section 5 offers
conclusions and directions for future work.

These discounts, it was assumed, were offset by decreased marketing times (i.e., “sales velocity”) for these homes,
a priority for home builders as the market for new homes slowed and inventories increased (Dakin et al., 2008;
Farhar and Coburn, 2008; SunPower, 2008).
3
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2. Methodological Approach
To examine the questions above, this research relies on a hedonic pricing model—the “Base Model”—
against which a series of other models are compared. Those other models use a subset of the data (e.g.,
new or existing homes), an interaction term(s) (e.g., age of the PV system), or other variants to examine
the various research questions and test the overall robustness of the results.
The basic theory behind the hedonic pricing model starts with the concept that a house can be thought of
as a bundle of characteristics. When a price is agreed upon between a buyer and seller, there is an implicit
understanding that those characteristics have value. When data from a number of sales are available, the
average marginal contribution to the sales price of each characteristic can be estimated with a hedonic
regression model (Rosen, 1974; Freeman, 1979; Sirmans et al., 2005). This relationship takes the basic
form:
Sales price = f (home and site, neighborhood, and market characteristics)
“Home and site characteristics” might include, but are not limited to, the number of square feet of living
area and the presence of a PV system. “Neighborhood” characteristics might include such variables as the
crime rate and the distance to a central business district. Finally, “market characteristics” might include,
but are not limited to, temporal effects such as housing market inflation/deflation.

2.1

Base Model

The “Base Model” to which other models are compared uses a relatively simple set of home and site
characteristics: size of the home (i.e., square feet of living area); age of the home at the time of sale (in
years); age of the home squared (in years); size of the parcel (in acres) up to 1 acre; and any additional
acres more than 1 (in acres).4 It also includes the presence and size of the PV systems. To control for
neighborhood, we include a census block group fixed effect, which, in all cases, includes at least one PV
home and one non-PV home. Finally, market characteristics are accounted for by including a dummy
variable for the quarter and year (e.g., 2013 Q2, 2009 Q1, etc.) in which the sale occurred. This model
form was chosen for its relative parsimony, its high adjusted R2, and its transparency.5 It is estimated as
follows:

ln(Pitk )    1  Ti    2  Ki    3  Xi   4  PVi  SIZEi    itk

(1)

a

where
Pitk represents the sale price for transaction i, in quarter t, in block group k,
α is the constant or intercept across the full sample,
4

Acres is entered into the model as a spline function using two variables, up to 1 acre (acreslt1) and any additional
acres above 1 (acresgt1), to capture the different values of up to the first and additional acres of parcels in the
sample. Therefore acreslt1 = acres if acres ≤ 1 and 1 otherwise, while acresgt1 = acres-1 if acres > 1 and 0
otherwise. Additionally, square feet and age squared are entered into the model in 1,000s to allow for easier
interpretation of the coefficients.
5

Model choice for this work was based on extensive robustness model exploration in previous analysis (Hoen et al.,
2011; 2013a; 2013b). Other models were explored but are not presented here. They include adding other home and
site parameters such as number of bathrooms, condition of the home, and if a pool is present, all of which further
limited the dataset but did not substantively affect the results. Similarly, instead of using a fixed effect for sale year
and quarter, interacting sale year and, separately, sale quarter, with a geographic variable, such as county, to control
for geographic variation in market inflation/deflation was explored with no change to the results.
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Ti is the quarter t in which transaction i occurred,
Ki is the census block group k in which transaction i occurred,
Xi is a vector of a home and site characteristics for transaction i,
PVi is a fixed-effect variable indicating a PV system is installed on the home in transaction i,
SIZEi is a continuous variable for the size (in kW) of the PV system installed on the home prior to
transaction i,6
1 is a parameter estimate for the quarter in which transaction i occurred,
2 is a parameter estimate for the census block group in which transaction i occurred,
3 is a vector of parameter estimates for home and site characteristics a,
4 is a parameter estimate for the change in sale price for each kilowatt added to a PV system, and
itk is a random disturbance term for transaction i, in quarter t, in block group k.
The parameter estimate of primary interest in this model is 4, which represents approximately the
marginal percentage change in sale price over the average sale price of the comparable set of non-PV
homes within the same census block group, with the addition of each kilowatt of PV.7 If differences in
selling prices exist between PV and non-PV homes, we would expect the coefficient to be positive and
statistically significant.
This model allows an examination of many of the research questions (Table 1) depending on the dataset
that is used. If the full dataset is used, the first question can be answered. If a subset of the dataset is used,
many of the other questions can be answered. For example, if homes within and outside California are
used, the second question can be explored. Similarly, if the data are restricted to particular subsets of the
study period (e.g., 2002–2007, 2008–2009, 2010–2011, or 2012–2013), the fourth research question could
be examined. To explore if new or existing homes had similar premiums (the fifth question), the data
could be restricted to those subsets. Finally, if only PV systems of particular ages were used, the sixth
question could be answered. Therefore, almost all of the research questions can be answered using subsets
of the data, leaving only the third question, which can use either the full dataset or subsets of the data but
also requires calculations of comparison valuation estimates using the cost or income method.8

2.2

Robustness Models

We also explore the robustness of our results with two alternative model specifications.
2.2.1

PV Only Model

It has been well documented that PV homes often have a suite of additional energy-efficiency (EE)
features (CPUC, 2010; Hee et al., 2013; Langheim et al., 2014). Further, it has been theorized that PV
home owners, who have the financial resources to install a PV system, might also make other (non-EE)
6

All references to the size of PV systems in this paper, unless otherwise noted, are reported in terms of directcurrent watts (or kilowatts) under standard test conditions. A discussion of this convention is offered in Appendix A
of Barbose et al. (2014).
7

To be exact, the conversion to percent is actually EXP(4)-1, but the differences are often de minimis.

8

Although the preferred method is to estimate a separate model using a subset of the data, which allows all of the
controlling parameters to take different values for each subset, we also explored estimating models with a
categorical variable for each of the subsets interacted with either the variable of interest only or both the variable of
interest and the other controlling parameters, with no substantive change in the results.
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upgrades, such as a new kitchen or bathroom, or may alternatively replace their roof contemporaneously
with PV system installation. Therefore, the premium estimated from Equation (1) could also include
effects of EE and other features and therefore overestimate the effect related to PV alone.
To test this, PV homes are compared to other PV homes based on system size. While the Base Model
estimates a difference in sales prices between PV and non-PV homes, all else being equal, the PV Only
Model compares the difference between PV homes and PV homes based on differences in their PV
system size, all else being equal. Assuming all PV homes have the same frequency of EE and other
features among them, an effect free of those influences can be estimated and then compared to the results
in Equation (1).9
One complication of this model concerns possible collinearities of the block group fixed effects and PV
when a single or small number of PV homes exist within a single block group. While in the Base Model
the use of the block group fixed effect is appropriate, because each contains at least one PV and one nonPV home, in the PV Only Model collinearities might exist for block groups with only one or a few PV
homes, or those that might have only similarly sized PV systems. In those block groups, the fixed effect
might absorb the contributory effect of the PV variable. Therefore, this model uses the county as the fixed
effect and is restricted to counties that have two or more PV homes, to allow more heterogeneity between
the PV homes within the fixed effect delineation and therefore less collinearity between them and the PV
variable; otherwise the model is identical to Equation (1).10
2.2.2

Repeat PV Home Model

A common concern with a hedonic model, such as the Base Model, is that a suite of home and site
characteristics are not controlled for, which could be driving the results. These omitted variables could
include any manner of home features, such as granite countertops, a newly renovated basement, and
Jacuzzi, as well as neighborhood features, such as location on a cul-de-sac, a scenic vista, or location next
to a major road. These variables could be present for PV and non-PV homes. Although the assumption is
that these unobserved features are randomly distributed among PV and non-PV homes, and therefore are
not correlated with the presence of PV, this might not be the case. This can be tested using the Repeat PV
Home Model.
The Base Model estimates a difference in sales prices between PV and non-PV homes all else being
equal, but the Repeat PV Home Model compares sales prices of homes before they had PV installed to
prices of the same homes after they had PV installed. Because many of the characteristics controlled for
in the Base Model are held constant in the Repeat PV Home Model, such as block group and size of the
home and parcel, they do not need to be controlled for.11 Therefore, the following greatly simplified
model can be estimated:
9

It is at least conceivable that EE and other features are correlated with PV system size, with a larger PV system
correlated with more EE and other features. We expect, however, that this would likely be more correlated with the
size of the home, which is controlled for in this and the Base Model.
10

Although not shown here, using county fixed effects in the Base Model in place of block group fixed effects has
no apparent effect on the premium estimate, and therefore this PV Only Model can be compared directly to the Base
Model results. Also, this model assumes a tradeoff between being able to compare PV homes to PV homes, and
therefore controlling for the unobservables associated with PV, versus controlling for the unobservables associated
with the localized neighborhood effects that the block group fixed effect controls for.
11

Ideally we would have information on the size of the home as of the first sale and the second sale, but we only
have information from the most recent assessment and therefore can only assume that it has not changed between
sales. If it has changed, however, it would have likely increased the home’s value, thus the second sale would
include the increase in related value. If this were the case, the PV premium would capture this increase. Our results
do not exhibit this increase, so it is assumed that the Repeat PV Home Model results are free of this influence.

10

ln(Pitk )    1  Ti     2  Xi   3  PVi  SIZEi    itk
a

where
Xi is a vector of age of the home and age squared for transaction i,
2 is a vector of parameter estimates for age and age squared,
3 is a parameter estimate for the change in sale price for each additional kilowatt added to a PV
system, and all other variables are as defined in Equation (1).
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(2)

3. Data Preparation and Summary
This section describes the underlying data used for this analysis—including PV home and non-PV home
data, cost estimates, and income estimates—followed by a data summary.

3.1

PV and Non-PV Home Data

For the Tracking the Sun (TTS) report series (e.g., Barbose et al., 2013), Lawrence Berkeley National
Laboratory was provided a set of approximately 150,000 host-owned (i.e., not third-party-owned) PV
home addresses by various state and utility incentive providers, along with information on PV system
size, date the incentive was applied for, date the system was put into service, and the average tilt and
azimuth of the PV system, where available.12 These data span the years 2002–2013 and stretch across
eight states: California, Connecticut, Florida, Massachusetts, Maryland, North Carolina, New York, and
Pennsylvania.
These PV home addresses were matched to addresses maintained by CoreLogic,13 which CoreLogic
aggregates from county-level assessment and deed recorder offices. Once the addresses were matched,
CoreLogic provided, when available, real estate information on each of the PV homes as well as similar
information on approximately 200,000 non-PV homes located in the same (census) block group as the PV
homes. The data for both of these sets of homes included, but were not limited to:


address (e.g., street, street number, city, state, and zip+4 code);



most recent and previous (if applicable) sale date and amount;



home characteristics (e.g., acres, square feet of living area, bathrooms, pool, and year built);



assessed value of land and improvements;



parcel land use (e.g., commercial, residential);



structure type (e.g., single-family residence, condominium, duplex); and,



x/y coordinates.

These data were cleaned to ensure all data were populated and appropriately valued.14 Using these data,
along with the PV incentive provider data, we determined if a home sold after a PV system was installed,
significantly reducing the usable sample because the majority of PV homes have not yet sold. We also
culled a subset of these data for which previous sale information was available and for which a PV system
had not yet been installed as of this previous sale. These “repeat sales” were used in the Repeat PV Home
Model described in Section 2.2.2 .
Ideally, for each PV home transaction, we would have a set of identical (i.e., all else being equal) non-PV
home transactions for comparison. This theory underlies the comparable-sales method used by appraisers
and other valuation professionals (Adomatis, 2014), where comparable homes are chosen that are as
similar as possible, and then adjustments are made to account for the observable differences.

12

For a full discussion of how these data are obtained, cleaned, and prepared, see Barbose et al. (2013).

13

More information about this product can be obtained from http://www.corelogic.com/.
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Because the CoreLogic data sometimes are missing or miscoded, the cleaning and preparation of these data were
extensive and therefore not detailed here, but the process included the following screens: sale price greater than
$165,000 and less than $900,000, size of the home between 1,000 and 5,000 square feet, sale price per square foot
between $8 and $800, sale year after 2001, and size of the parcel between 0.05 and 10 acres.
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To emulate the comparable-sales method, we employed the Coarsened Exact Matching (CEM) process
(King et al., 2010), which finds a matched sample of PV and non-PV homes that are statistically equal on
their covariates.15 The covariates include being within the same block group, selling in the same year, and
having similar values for size of the home, age of the home, size of the parcel, and ratio of assessed value
of land to total assessed value.16 This procedure results in a reduced sample of homes to analyze, but
biases related to the selection of PV and non-PV homes are minimized.17 The unmatched dataset has
173,982 non-PV homes and 5,373 PV homes, while the matched dataset—the one used for the analysis—
has 18,871 non-PV homes and 3,951 PV homes. Various models, as described above, use subsets of the
PV homes and therefore need matching non-PV homes. For most of the subsets this is straightforward,
because we divide the PV and non-PV homes along the same lines used for the CEM matching, such as
whether the homes are located in California or the rest of the United States, or if they are newly built or
existing homes. When comparing premiums among PV systems of different ages, however, there is not an
intuitive division for the non-PV homes, because age of the PV system was not used for matching.
Therefore, for these models, the CEM process was employed again for each set of PV homes. The
resulting matched non-PV homes were not necessarily mutually exclusive between the sets of PV homes,
but most importantly each block group contained at least one PV home and one non-PV home.

3.2

Cost Estimates

In this analysis, as in previous studies (Hoen et al., 2011; 2013a; 2013b), we compare the market
premiums we find using our Base Model and alternative models to cost and income contributory-value
estimates to illuminate how the market might be reacting to various signals. A cost estimate refers to the
cost to replace an asset with a new equivalent. Appraisal theory posits that cost estimates are likely
important price signals in the marketplace, and market values normally should not exceed the replacement
cost of an asset. This might mean, for example, that a buyer of a PV system already installed on a home is
not willing to pay more for it than the cost of a new system (i.e., its replacement cost).
For this analysis, we prepared two sets of cost estimates: gross costs and net costs. Both estimates were
prepared for each home at the time of sale, based on the following characteristics: county in which the
home is located, year of the sale, and size of the system. The detailed preparation of these estimates is
described in (Hoen et al., 2015). In our context, “net” implies a cost after federal and state tax incentives
and state rebates are factored in, while “gross” estimates do not factor these incentives in.18 We
distinguish between the two because, for most homeowners, the perceived out-of-pocket cost is the net
cost, after incentives, and therefore the net cost might be a better market signal than the gross cost.
15

The procedure used, as described in the referenced paper, is CEM in Stata, available at:
http://ideas.repec.org/c/boc/bocode/s457127.html. Because this matching process excludes non-PV homes that are
without a statistically similar PV match (and vice versa), a large percentage of homes (approximately 90% of nonPV and 33% of PV) are not included in the resulting dataset. Pre-matching Multivariate Distance (0.95) compares
favorably to post-matching Distance (0.82).
16

The assessed value of land to total value ratio is expected to capture the unexplained within-block group
locational variation that often is present, for example, due to being on a quiet road, abutting a park, or being on the
waterfront. Assessed values, it is assumed, are consistently applied within the block group.
17

Although the preferred model is one with a matched dataset, the Base Model was also estimated using the
unmatched dataset, which results in a slightly higher estimated premium. We attribute this change to the
heterogeneity of the unmatched PV and non-PV homes and the fact that the unmatched non-PV homes have lowervalued unobserved characteristics.
18

Other incentives exist, such as state renewable energy credits, feed-in tariffs, and performance-based incentives,
but these are rare throughout the analysis dataset and therefore are not considered. Understanding how to value them
appropriately should be the subject of future research, however, because their value can be significant in certain
circumstances.
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Additionally, taking advantage of tax incentives is somewhat dependent on a homeowner’s tax
obligations. For example, the federal incentive for PV comes in the form of a reduced federal tax
obligation (formally known as the Internal Revenue Code Section 25D: Residential Energy Efficient
Property Credit). If a homeowner expects to pay very little in taxes (e.g., because they have a mortgage
and very little taxable income), then the federal tax incentive might not be realized immediately (it can be
carried over year to year). A similar scenario exists if state tax incentives are present. More generally,
incentive availability changes with time, so home buyers may have uncertainty about the availability and
value of incentives. Because of these different scenarios, it is not immediately clear if the market would
fully capitalize the incentives calculated as part of the net cost, thus net cost can serve as the low cost
estimate for our purposes. Similarly, we expect that buyers would not be willing to pay more than the
gross cost, so this serves as the high cost estimate.
Finally, in previous analyses, we prepared cost estimates depreciated using a straight-line 20-year
depreciation schedule, assuming this would be roughly equivalent to the usable life of a PV system (Hoen
et al., 2011; 2013a; 2013b). For the present analysis we use, instead, the un-depreciated amount. In doing
so, we do not presuppose how the market depreciates PV systems and/or the replacement costs of those
systems; rather, we allow the market to dictate how best to depreciate their values, if at all. This is the
customary approach of appraisers (Adomatis, 2014).

3.3

Income Estimates Using the PV Value Algorithm

As with cost estimates, appraisal theory posits that income estimates—a discounted stream of income
derived from an asset over time, such as rent—are likely important price signals in the marketplace. For
example, an apartment seller might not be willing to sell a property for significantly less than the present
value of rent (minus costs) it receives for that property. Similarly, the buyer and seller of a home with a
PV system might use the discounted value of the system’s energy cost savings as a key factor in
determining any PV premium.
For each of the PV homes in our sample, we prepared data to estimate the present value of energy
produced by the PV system (income estimates) using the size and age of the system, the zip code of the
home, and the estimated tilt and azimuth of the system.19 These inputs were fed through the PV Value
algorithm (Johnson and Klise, 2012; Klise et al., 2013) to produce present-value estimates for utility bill
savings for a similarly sized system as of the time of sale.20 Detailed descriptions of the income
estimation procedure are contained in (Hoen et al., 2015) and elsewhere (Johnson and Klise, 2012;
Appendix A in Hoen et al., 2013b; Klise et al., 2013). The algorithm uses an average zip-code-level
electricity rate as the default, which we also used. Therefore, tiered rates, which are prevalent in
California, are not considered in this calculation because we lacked house-specific information about
what tiers are typically avoided based on the size of the PV system and energy demand profile. We return
to this issue briefly in our conclusion, where we compare the income estimates with results from the
model estimation.

3.4

Data Summary

The final dataset includes 22,822 transactions, consisting of matched PV (n = 3,951) and non-PV (n =
18,871) homes. This full matched dataset is composed of transactions occurring across eight states (Table
19

Because tilt and azimuth were not available for all PV systems (the data were not provided during the TTS datacollection effort), they were estimated via a cascading approach, based on systems with those data in the same
census block group if available, then, if not available, census tract or, finally, county when needed.
20

The estimation procedure produces a set of low, average, and high estimates of the present value of the expected
energy output, based on a risk premium of 200, 100, and 50 basis points on top of the base discount rate,
respectively. Only the average value was used for this analysis.
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2) from 2002 to 2013 (Table 3), with the vast majority in California. All PV systems in this dataset are
homeowner (host) owned as opposed to third-party owned (leased or under a power-purchase agreement).
Table 2: Frequency Summary of PV and Non-PV Homes by State
State
CA
FL
Mid-Atlantic Region: MD, NC,
PA
Northeast Region: CT, MA, NY
Total

Non-PV
Homes
18,207
317

PV Homes
3,828
25

Total
22,035
342

288
59

77
21

365
80

18,871

3,951

22,822

Table 3: Frequency Summary of PV and Non-PV Homes by Sale Year
Sale Year
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
Total

Non-PV Homes
107
196
238
197
348
818
1,251
1,762
2,751
3,341
3,928
3,934
18,871

PV Homes
18
31
53
56
64
242
453
429
504
642
694
765
3,951

Total
125
227
291
253
412
1,060
1,704
2,191
3,255
3,983
4,622
4,699
22,822

Summary statistics for the PV and non-PV homes are shown, respectively, in Table 4 and Table 5. The
mean sale price (sp) of the PV homes in the sample is $473,373 and ranges from a minimum of $165,500
to a maximum of $899,500. The average PV home in the sample has 2,334 square feet of living area
(sfla), is located on a parcel of 0.45 acres (acres), and was 17 years old (age) when it sold in 2010 (sy).21
It has a 3.6-kW PV system (size), which was installed 2.7 years before the home was sold (pvage). The
gross installed cost for a similarly sized PV system in the same county at the time of sale was $6.90/W
(grosscost), while the net cost (after incentives) was $4.14/W (netcost). The present value of the stream of
energy produced by the PV system, as calculated by the PV Value algorithm, is $2.93/W (income). PV

21

Negative values for the minimum age of a home (e.g., -2) apply to newly built homes in the sample and occur
when the sale date is prior to the date of home completion, as might occur when a home is purchased on spec.
Similarly, for PV system age, a negative minimum value occurs when the completion date of the PV system
occurred before the home sale date, which happens sometimes for new homes. Additionally, although acres is shown
in the tables, it is entered in the model as a spline function of up to 1 acre and any additional acres above 1 (see
Section 2.1 ). Finally, age of the home squared is not shown in the tables.
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systems in the sample range in size from 0.1 kW to 14.9 kW, with a median of 2.8 kW (size). The age of
the PV systems at the time of sale ranges from new to more than 13 years, with a median of 2.2 years
(pvage). For the 18,871 non-PV homes, we find a mean sale price of $456,378, which is $16,995 lower
than that of the matching PV homes. The average non-PV home is slightly smaller than the average PV
home (2,319 square feet), occupies a smaller parcel (0.41 acres), and is equivalent in age. The dataset
contains 7,480 newly built homes and 15,342 existing homes, of which 1,444 and 2,507, respectively, are
PV homes.
Table 4: Summary Statistics for All PV Homes
variable
sy
syq
sp
lnsp
sfla
sfla1000
acres
age
agesq1000
pv
size
pvage
income
netcost
grosscost

description
year of sale
year and quarter of sale (yyyyq)
price of sale (dollars)
natural log of sale price
living area (square feet)
living area (in 1000s of square feet)
size of parcel (in acres)
age of the home at time of sale (years)
age of the home squared (in 1000s of years)
if the home has a PV system (1 if yes)
size of the PV system (kilowatts)
age of the PV system at time of sale (years)
average PV Value estimate ($/watt)
net cost estimate ($/watt)
gross cost estimate ($/watt)

N
3951
3951
3951
3951
3951
3951
3951
3951
3951
3951
3951
3951
3951
3951
3951

$

$
$
$

mean
2010
20103
473,373
12.98
2,334
2.3
0.45
17
0.7
1
3.6
2.7
2.93
4.14
6.90

$

$
$
$

sd
2
23
196,451
0.43
702
0.7
0.95
21
1.3
2.0
2.9
0.57
0.93
1.50

$

$
$
$

min
2002
20021
165,500
12.02
1,006
1.0
0.05
(2)
0
1
0.1
(0.5)
1.18
1.07
3.15

$

$
$
$

median
2011
20111
433,000
12.98
2,244
2.2
0.18
7
0.0
1
2.8
2.2
2.92
4.04
6.92

$

$
$
$

max
2013
20134
899,500
13.71
4,981
5.0
9.99
100
10.0
1
14.9
13.4
4.98
7.95
11.83

Table 5: Summary Statistics for All Non-PV Homes
variable
sy
syq
sp
lnsp
sfla
sfla1000
acres
age
agesq1000
pv

description
year of sale
year and quarter of sale
price of sale (dollars)
natural log of sale price
living area (square feet)
living area (in 1000s of square feet)
size of parcel (in acres)
age of the home at time of sale (years)
age of the home squared (in 1000s of years)
if the home has a PV system (1 if yes)

N
mean
sd
min
median
max
18871
2010
2
2002
2011
2013
18871
20103
23
20021
20112
20134
18871 $ 456,378 $ 197,004 $ 165,500 $ 413,000 $ 899,500
18871
12.94
0.44
12.02
12.93
13.71
18871
2,319
714
1,001
2,200
4,990
18871
2.3
0.7
1.0
2.2
5.0
18871
0.41
0.86
0.05
0.18
9.8
18871
17
21
(2)
8
100
18871
0.7
1.3
0
0.1
10.0
18871
0
0
0
0
0
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4. Results
This section presents results, starting with the Base Model, which addresses the first research question:
Are PV home premiums evident for a broader group of PV homes than has been studied previously? This
is followed by results for the various other models, which explore the remainder of the research questions
(Table 1 shows the full set of questions), and the two robustness models.

4.1

Base Model Results

The Base Model estimates, over the entire dataset, the marginal return to each kilowatt of PV installed on
a home as defined in Equation (1). The model is summarized in Table 6.22 Overall the model performs
well, with an adjusted R2 of 0.92.
Table 6: Base Model Results Summary
Total n
PV n
Non-PV n
Adjusted R2
Dependent Variable
Block Group Fixed Effects n

22,822
3,951
18,871
0.92
lnsp
1,830

The full set of results is shown in Error! Reference source not found.. The controlling variables that
account for size (sfla1000) and age of the home (age, agesq1000) and size of the parcel (lt1acres, for each
acre up to 1, and gt1acres, for each acre over 1) are all highly statistically significant (i.e., p-value <
0.001). The model indicates that, in our sample, each additional 1,000 square feet adds approximately
21% to the selling price, while each acre up to 1 adds 39% and each additional acre beyond 1 adds 3%.23
Each year a home ages initially takes approximately 0.7% off its value, but this annual value reduction
declines with time, and homes over approximately 60 years in age appreciate in value as they age.24 Using
the fourth quarter of 2013 as the reference category, in our sample, prices start approximately 44% lower
(Q1 2002) and then increase to approximately 20% higher (2005), before falling again to lows in early
2012 and then increasing to levels present in late 2013. This rise, fall, and eventual recovery are entirely
consistent with the national trends in housing prices.25 Combined, the various controlling characteristics
are appropriately signed and leveled based on our expectations, giving us confidence that the model is
acting appropriately and adequately capturing price differences across the sample.

22

All models are estimated in Stata using areg, with block groups as the absorbed fixed effect and with robust
standard errors.
23

The exact percentage interpretation of coefficients in a semi-log model is as follows: exp(coefficient)-1, but the
differences in this context are de minimis.
Approximately 60 years is determined by dividing the age coefficient by the first derivative of the square term’s
(agesq) coefficient.
24

25

As noted previously, we also explored interacting the year of sale with the county, to capture regional price trends,
with no substantive change to the results.
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Turning to the variable of interest, pv*size, the model estimates that, for each kilowatt of installed PV,
sale prices increase by 0.91%, and this estimate is highly statistically significant (p-value < 0.001).26
Accordingly, at the 95% confidence interval, average price increases are estimated to vary between
approximately 0.78% and 1.05% per kilowatt, a relatively precise estimate. This sample of approximately
4,000 PV homes shows a clear premium for each kilowatt of PV installed above the sale prices of
comparable non-PV homes.
By using the mean sale price (in dollars) for non-PV homes, we can convert this percentage estimate into
dollars per watt.27 Doing so leads to an estimated premium of $4.18/W, with a 95% confidence interval of
+/- $0.62/W, which corresponds to a premium of approximately $15,000 for an average-sized system of
3.6 kW. From Table 4, we see that, for these PV homes, the mean gross cost estimate is $6.90/W (sd =
$1.50/W), while the net cost estimate is $4.14/W (sd = $0.93/W), and the average PV Value (income)
estimate is $2.93/W (sd = $0.57/W). Therefore, the premium in our sample is very similar in size and is
not statistically different from the average net cost for a similarly sized system as of the time of sale.
Further, it is not statistically different than the PV Value income estimate, but it is $1.25/W higher. It is
statistically different and approximately $2.70/W lower than the gross cost estimate.
When considering the income estimate, the retail electricity rate used to calculate the savings is
particularly important. The PV Value tool uses the average retail electricity rate as a default (for our
sample that is $0.154/kWh), and this is what we used to calculate income estimates. However, tiered
volumetric electricity rates based on the customer’s consumption are normal for most residential PV
customers in California (CPUC, 2013). If customers consume more than the average retail customer, then
they will be moved into higher-priced tiers, and even a relatively small rate increase would result in a
substantial increase in the income estimate. For example, if the rate increased by $0.05/kWh, it would
increase the PV Value estimate from $2.93/W to almost $4/W, which is very similar to (and also not
statistically different from) the premium estimate. Therefore, it seems possible that buyers and sellers
might be using the electricity cost savings as an important price signal, but they are estimating those
savings at a slightly higher rate than the tool’s default average retail rate.

26

The standard error for the Base Model of 0.0007 is 35% of the standard error found in the previous analysis of
California PV homes of 0.0018 (Hoen et al. 2011; 2013a), indicating the increased precision of this estimate.
27

The formula for doing so is: $/W premium = ((exp (pv*size coefficient)-1)* mean sale price in dollars for non-PV
homes)/1,000.
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Table 7: Base Model Results
Standard
Coefficient Error
t Statistic p -value - 95% CI + 95% CI
12.498
0.016
758.00
0.000
12.465
12.530
0.0091
0.0007
13.12
0.000
0.0078
0.0105
0.213
0.004
51.70
0.000
0.205
0.221
0.386
0.028
13.73
0.000
0.331
0.441
0.029
0.006
5.08
0.000
0.018
0.040
-0.007
0.001
-7.86
0.000
-0.008
-0.005
0.056
0.009
6.63
0.000
0.040
0.073

Variable
intercept
pv*size
sfla1000
lt1acre
gt1acre
age
agesq1000
syq
20021
20022
20023
20024
20031
20032
20033
20034
20041
20042
20043
20044
20051
20052
20053
20054
20061
20062
20063
20064
20071
20072
20073
20074
20081
20082
20083
20084
20091
20092
20093
20094
20101
20102
20103
20104
20111
20112
20113
20114
20121
20122
20123
20124
20131
20132
20133
20134

-0.441
-0.379
-0.375
-0.306
-0.087
-0.077
-0.025
-0.035
0.001
0.095
0.121
0.124
0.137
0.204
0.164
0.202
0.159
0.163
0.160
0.071
0.162
0.124
0.074
0.002
0.022
-0.005
-0.050
-0.066
-0.113
-0.116
-0.124
-0.120
-0.121
-0.124
-0.144
-0.171
-0.173
-0.189
-0.190
-0.205
-0.212
-0.176
-0.154
-0.123
-0.090
-0.038
-0.009

0.034
0.038
0.036
0.073
0.056
0.037
0.038
0.037
0.031
0.021
0.024
0.028
0.047
0.039
0.062
0.038
0.021
0.021
0.022
0.022
0.017
0.020
0.016
0.018
0.016
0.013
0.014
0.014
0.014
0.012
0.012
0.012
0.013
0.012
0.012
0.012
0.011
0.011
0.011
0.011
0.011
0.012
0.011
0.012
0.010
0.009
0.009

-13.100
0.000
-10.060
0.000
-10.480
0.000
-4.220
0.000
-1.560
0.118
-2.050
0.040
-0.670
0.505
-0.950
0.343
0.040
0.972
4.430
0.000
5.120
0.000
4.340
0.000
2.910
0.004
5.170
0.000
2.640
0.008
5.340
0.000
7.710
0.000
7.900
0.000
7.300
0.000
3.240
0.001
9.700
0.000
6.170
0.000
4.580
0.000
0.100
0.919
1.360
0.175
-0.380
0.707
-3.690
0.000
-4.630
0.000
-8.070
0.000
-9.800
0.000
-10.610
0.000
-9.700
0.000
-9.030
0.000
-10.750
0.000
-11.660
0.000
-14.070
0.000
-15.170
0.000
-17.360
0.000
-17.040
0.000
-18.360
0.000
-19.000
0.000
-15.180
0.000
-13.660
0.000
-10.220
0.000
-9.480
0.000
-4.150
0.000
-1.000
0.317
--- omitted ---
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-0.507
-0.453
-0.446
-0.448
-0.196
-0.150
-0.100
-0.108
-0.060
0.053
0.075
0.068
0.045
0.127
0.042
0.128
0.119
0.123
0.117
0.028
0.129
0.085
0.042
-0.034
-0.010
-0.031
-0.077
-0.094
-0.141
-0.139
-0.147
-0.144
-0.147
-0.147
-0.168
-0.194
-0.196
-0.211
-0.212
-0.227
-0.234
-0.199
-0.176
-0.147
-0.109
-0.056
-0.027

-0.375
-0.305
-0.305
-0.164
0.022
-0.004
0.049
0.037
0.062
0.137
0.168
0.179
0.230
0.281
0.285
0.276
0.200
0.204
0.203
0.114
0.195
0.163
0.106
0.038
0.054
0.021
-0.023
-0.038
-0.086
-0.092
-0.101
-0.096
-0.095
-0.102
-0.120
-0.147
-0.151
-0.168
-0.168
-0.183
-0.190
-0.153
-0.132
-0.099
-0.072
-0.020
0.009

4.2

Base Model Variations Using Subsamples

As shown in Table 1, many of the research questions can be investigated using variations of the Base
Model that use subsamples of the data in place of the full sample. The following sections describe those
model sets and include: Location Models, for California and the rest of the United States; Home Type
Models, for newly built and existing homes; Age of PV System Models; and Year of Sale Models.
4.2.1

Location Model Results

Our Location Models estimate premiums for either the subset of homes located in California or those
located in the rest of the United States; Table 8 shows the results, along with results for the Home Type
Models (which are discussed in the next subsection).28 Also shown in the table, for reference purposes,
are the results for the Base Model using the full sample. Results shown for each model include the pv*size
coefficient, standard error, and p-value; the mean non-PV home sale price; the $/W premium and its 95%
confidence interval; and estimates for the net and gross costs and PV Value income. Finally, for each
model, the table shows the total, PV, and non-PV sample sizes; the adjusted R2; and the number of block
groups represented by the sample. Figure 1 compares the Base and Location Model results, along with the
contributory-value estimates, graphically.
The coefficient for the variable of interest for the California subsample is 0.0091, which is highly
statistically significant and equates to a $4.21/W premium and a 95% confidence interval of +/- $0.64/W.
Not surprisingly, the PV premium is very close to the premium estimated for the full sample, because
California PV homes make up 97% of that sample. The PV premium can be compared to the net, gross,
and PV Value estimates of $4.16/W, $6.94/W, and $2.95/W, respectively.
For homes outside of California where we have data (in Connecticut, Florida, Massachusetts, Maryland,
North Carolina, New York, and Pennsylvania), the PV premium is estimated to be $3.11/W and highly
statistically significant (p-value < 0.01), but with a 95% confidence interval of $2.33/W. This indicates
that, in this broader sample of homes, a premium for PV homes is evident, but the smaller sample of
homes outside California does not allow for a very precise estimate of the effect size. The estimated
premium is very similar to the net cost estimate for this subset of $3.09/W, and it is not statistically
different from the premium estimated for California homes. These findings should give stakeholders
outside of California greater confidence that PV adds value to homes in their markets.

28

For brevity, only the variable of interest is shown for the remainder of the paper. Results for the controlling
variables were similarly signed and leveled across the various models as they are in the Base Model. The full set of
results is available upon request.
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Table 8: Location and Home Type Model Results29

All
Homes
PV Premium Estimates
PV*Size Coefficient
PV*Size Standard Error
PV*Size p -value
Mean Sale Price Non-PV ($)
PV Premium ($/watt)
95% CI ($/watt)

0.0091
0.0007
0.000
$ 456,378
$
4.18
$
0.62

Contributory Value Estimates
PV Value - Income ($/watt)
$
Net Cost ($/watt)
$
Gross Cost ($/watt)
$
Model Info
Total n
PV n
Non-PV n
Adjusted R2
Dependent Variable
Block Group Fixed Effects n

2.93
4.14
6.90

22,822
3,951
18,871
0.92
lnsp
1,830

Location
Rest of
California
US

Home Type
New
Existing
Homes
Homes

0.0091
0.0085
0.0007
0.0032
0.000
0.009
$ 459,366 $ 364,854
$
4.21 $
3.11
$
0.64 $
2.33

0.0084
0.0094
0.0012
0.0008
0.000
0.000
$ 422,001 $ 476,124
$
3.58 $
4.51
$
1.00 $
0.71

$
$
$

$
$
$

2.95 $
4.16 $
6.94 $

22,035
3,828
18,207
0.93
lnsp
1,721

29

2.15
3.09
5.64

787
123
664
0.88
lnsp
109

3.04 $
3.85 $
7.34 $

7,480
1,444
6,036
0.97
lnsp
155

2.86
4.29
6.65

15,342
2,507
12,835
0.91
lnsp
1,766

Here, as in other results tables, the numbers of block groups for subsets of data do not always sum to 1,830. This
occurs when the block groups are not mutually exclusive between the subsets, e.g., with new or existing homes.
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Figure 1: Base and Location Model Results
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Home Type Model Results

Dividing the data by the type of home, specifically whether the home was newly built or existing at the
time of sale, allows examination of the differences between these subgroups. In previous analyses,
premiums for existing homes were found to be significantly larger than those for newly built homes, but
the sample used was smaller, only for homes in California, only extended through 2009, and included
homes with sales prices up to almost $3 million (Hoen et al., 2011; 2013a). The present analysis enables a
reexamination of this question by using a sample that is larger, more broadly distributed geographically,
has more recent data, and uses homes no more expensive than $900,000.
The results from the Home Type Models that used the new and existing home subsamples are shown in
Table 8 and Figure 2. New homes have a premium of $3.58/W, while existing homes have a premium of
$4.51/W, a difference of approximately $1/W. Both estimates are highly statistically significant (p-values
< 0.001) by themselves, but they are not statistically different from each other (difference in coefficients
= 0.001, p-value = 0.46; not shown in table). Therefore, we are unable to uncover a difference in
premiums between those subgroups with the larger, more geographically diverse, and more recent dataset.
Nonetheless, the differences between these two sets of estimates mimic the different net costs, which are
higher for existing homes than for newly built homes.
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Figure 2: Home Type Model Results
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Age of PV System Model Results

Dividing the full sample into subsamples consisting of four quartiles based on PV system age (0.5–2.4
years, 2.4–3.8 years, 3.8–5.9 years, and 5.9–14 years) allows us to explore if the market accounts for PV
system age when valuing PV systems. For this set of quartiles, only existing homes are used, because all
newly built homes have PV systems that are also new. Table 9 contains the results for the full set of
existing homes and the four other quartile models. Each of the four quartile models uses a different set of
PV homes and a set of non-mutually-exclusive, CEM-matched non-PV homes, to which the PV homes
are compared.30 Figure 3 shows the Age of PV System Model results, along with the contributory-value
estimates, graphically.

30

As described above, because the characteristics on which the PV homes are matched to the non-PV homes are
exclusive of PV system age, the set of non-PV homes (and the block groups in which they are located) are not
mutually exclusive across the models. However, the same rules apply to these subsets in that, for each block group
that contains a PV home, at least one matched non-PV home is present.
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Table 9: Age of PV System Model Results

Age of PV System Groups
Existing
Homes
PV Premium Estimates
PV*Size Coefficient
PV*Size Standard Error
PV*Size p -value
Mean Sale Price Non-PV ($)
PV Premium ($/watt)
95% CI ($/watt)

0.0094
0.0008
0.000
$ 476,124
$
4.51
$
0.71

Contributory Value Estimates
PV Value - Income ($/watt)
$
Net Cost ($/watt)
$
Gross Cost ($/watt)
$
Model Info
Total n
PV n
Non-PV n
Adjusted R2
Dependent Variable
Block Group Fixed Effects n
Mean PV System Age (years)

2.86
4.29
6.65

15,342
2,507
12,835
0.91
lnsp
1,766
4.3

0.5-2.4

2.4-3.8

3.8-5.9

5.9-14

0.0123
0.0113
0.0076
0.0055
0.0014
0.0014
0.0015
0.0016
0.000
0.000
0.000
0.001
$ 477,737 $ 474,560 $ 478,634 $ 474,476
$
5.90 $
5.40 $
3.67 $
2.60
$
1.30 $
1.33 $
1.37 $
1.51
$
$
$

3.06 $
4.49 $
7.08 $

4,398
633
3,765
0.93
lnsp
574
1.6

3.03 $
4.27 $
6.65 $

3,865
613
3,252
0.93
lnsp
504
3.1

2.83 $
4.24 $
6.54 $

4,100
635
3,465
0.92
lnsp
509
4.8

$ Per Watt (DC) Installed of PV

Figure 3: Age of PV System Model Results
Error bars represent 95% confidence interval
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2.52
4.16
6.34

3,607
626
2,981
0.90
lnsp
540
7.8

The coefficients for each progressively older subset of PV systems are monotonically ordered, going from
0.0123 for the systems 0.5–2.4 years old to 0.0055 for systems 5.9–14 years old. These translate into
premiums of $5.90/W for the newest systems and $2.60/W for the oldest systems, with relatively stable
95% confidence intervals of approximately $1.40/W and somewhat decreasing cost and income
estimates.31 This premium reduction of almost 60% indicates that the market quickly depreciates PV
systems in their first 10 years at a rate exceeding an average rate of PV efficiency losses, e.g., 0.5%/year
(Dobos, 2014) and also exceeding the depreciation expected were straight-line depreciation applied over
the asset’s life; this might indicate functional obsolescence setting in. Because the mean age for the oldest
quartile (5.9–14 years) is only 7.8 years (Table 9)Error! Reference source not found., however, we
cannot describe PV system values as they age into their second decade. Although not shown here,
additional models were estimated with additional older age groups (e.g., 10–14 years), but the confidence
intervals around those estimates increased such that the results were not any more revealing than what is
presented here. In none of the models, however, did we find an estimate close to zero. This seems to
indicate that, as systems age, their value flattens out, but additional analysis in future years is needed to
understand this trend better.32
Finally, it appears that the premiums, as systems age, start well above what would be predicted by the net
cost estimates for young systems and then fall well below what would be predicted by the net cost
estimates for older systems. This is an artifact of how the net cost estimates are calculated. As discussed
in Section 3.2 the cost estimates are prepared without any depreciation and therefore are estimates of a
new system. Of course new systems likely would not have the same value as otherwise identical older
systems, but knowing the correct amount of depreciation to apply to these estimates is beyond the scope
of this work.
4.2.4

Year of Sale Model Results

Because the dataset spans the period from 2002 through 2013, we can examine how premiums change
over time. This is especially interesting given that, in the same period, the costs for PV modules dropped
(Barbose et al., 2013) and housing market prices saw a rapid rise, fall, and recovery. We break the data
into four subsamples roughly consistent with these broad changes (2002–2007, 2008–2009, 2010–2011,
and 2012–2013) and estimate the Base Model specification for each subsample.
Results from these models are contained in Table 10 and Figure 4. The model results for the full dataset
are also contained in Table 10 for reference. In each model, the coefficient of the variable of interest,
pv*size, is highly statistically significant (p-value ≤ 0.001), with relatively stable standard errors ranging
from 0.002 to 0.001, or a tenth of a percent. Despite varying mean non-PV homes prices, which range
from $512,170 to $440,495, premiums are relatively stable, ranging from $3.41/W to $4.54/W, with none
being statistically different from each other over the various periods.

31

Although not shown here, the average size of PV systems was very similar in all four age bins, at approximately
4.2 kW. We hypothesize that this larger premium for nearly new systems is related to additional nearly new features
installed coincidently or the homeowner not fully taking advantage of tax incentives if they had planned on selling
the home soon after the installation.
32

Additionally, we calculated a linear estimate of age of PV interacted with PV system size, which was, not
surprisingly, negative and highly statistically significant. Although this reaffirms that increasing age of PV systems
is highly correlated with lower premiums, by its very nature it implies that PV systems lose 100% of their value at
some point in time. This was calculated to be about 13 years, but it is at the end of our dataset and is not borne out in
other tests (e.g., bins shown above, polynomial interactions, and additional binning for older systems). Therefore,
we conclude that older systems are of lower value, but not of no value, at least given the age distribution of 0 to 14
years contained in the sample.
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During this period, we see mean gross costs descend from a high of $8.97/W in 2002–2007 to a low of
$5.45/W in 2012–2013. Net costs fall much less between these two periods, from $5.39/W to $3.58/W,
while PV Value income estimates remain near, or slightly below, $3/W. Despite falling gross costs and
shifts in the overall housing market, premiums remain fairly flat and not statistically different from the net
costs in all periods and from the PV Value income estimates in two out of four periods. Clearly home
buyers have been willing to pay a reasonably consistent premium for PV despite dramatic changes in both
the PV and housing markets. The results also suggest that net cost is a more significant price signal than
gross cost.
Table 10: Year of Sale Model Results
All
Homes

20022007

Year of Sale Groups
200820102009
2011

20122013

PV Premium Estimates
PV*Size Coefficient
PV*Size Standard Error
PV*Size p -value
Mean Sale Price Non-PV ($)
PV Premium ($/watt)
95% CI ($/watt)

0.0091
0.0007
0.000
$ 456,378
$
4.18
$
0.62

0.0066
0.0103
0.0083
0.0093
0.0020
0.0016
0.0011
0.0010
0.001
0.000
0.000
0.000
$ 512,170 $ 440,495 $ 448,976 $ 453,988
$ 3.41 $ 4.54 $ 3.73 $ 4.23
$ 2.03 $ 1.34 $ 0.97 $ 0.88

Contributory Value Estimates
PV Value - Income ($/watt)
Net Cost ($/watt)
Gross Cost ($/watt)

$
$
$

$
$
$

Model Info
Total n
PV n
Non-PV n
Adjusted R2
Dependent Variable
Block Group Fixed Effects n

2.93
4.14
6.90

22,822
3,951
18,871
0.92
lnsp
1,830

2.79 $
5.39 $
8.97 $

2,368
464
1,904
0.96
lnsp
259

2.73 $
4.56 $
8.25 $

3,895
882
3,013
0.96
lnsp
313
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3.00 $
4.00 $
6.88 $

7,238
1,146
6,092
0.95
lnsp
630

3.02
3.58
5.45
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1,459
7,862
0.91
lnsp
1,022
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Figure 4: Year of Sale Model Results
Error bars represent 95% confidence interval
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Robustness Models

The various models estimated above, which mostly are based on the Base Model and subsets of the data,
compare PV home prices to non-PV home prices. Here we estimate two Robustness Models, which allow
us to examine the robustness of the results under alternative specifications: the PV Only Model and the
Repeat Sales Model. The PV Only Model compares selling prices of only PV homes, while the Repeat
Sales Model examines the selling prices of the same home for homes sold once before the PV system was
installed and again after it was installed, as described by Equation (2). These models use both different
sets or subsets of the data and different specifications of the model, which allows them to control for
possible specification biases in the Base Model. They, therefore, serve as valuable comparisons to and,
potentially, validations of the Base Model results.
4.3.1

PV Only Model

Results for the PV Only Model are shown in Error! Reference source not found.. The coefficient for
pv*size is effectively identical to that estimated for the Base Model with the full dataset, and it is highly
statistically significant (p-value ≤ 0.001). The fact that the coefficient is identical to the Base Model
coefficient is remarkable given that it is derived from a model that uses county fixed effects, rather than
the more geographically precise block group fixed effect used in the Base Model. The estimated premium
is $4.37/W, although the 95% confidence interval is considerably larger at $2.62/W vs. the Base Model’s
$0.62/W, indicating considerably less precision in the PV Only Model estimate.
4.3.2

Repeat PV Home Model

Results from the Repeat PV Home Model are also shown in Error! Reference source not found.. The
coefficient for pv*size is very similar to that estimated for the Base Model with the full dataset, but it is
not statistically significant (p-value = 0.113). The estimated premium is $4.60/W with a 95% confidence
interval at $5.69/W, which is considerably larger than those for the Base and PV Only Models.
4.3.3

Summary of Robustness Checks

Because of the large margins of error, we cannot say the three estimates are statistically different from
each other. Despite this, none of the results appear markedly different from that estimated using the Base
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Model where PV homes are compared to non-PV homes. When comparing PV homes to other PV homes,
as in the PV Only Model, or the same PV home to itself over multiple transactions, as in the Repeat PV
Home Model, we find little evidence to support the claim that the Base Model PV premium estimate is
biased. Therefore, there appears to be no evidence that the PV estimate also contains the effects of other
omitted features such as EE upgrades.
Table 11: Year of Sale Model Results

PV Premium Estimates
PV*Size Coefficient
PV*Size Standard Error
PV*Size p -value
Mean Sale Price Non-PV ($)
PV Premium ($/watt)
95% CI ($/watt)

All
Homes
PV Only
Repeat
0.0091
0.0092
0.0087
0.0007
0.0028
0.0055
0.000
0.001
0.113
$ 456,377 $ 474,529 $ 528,368
$
4.18 $
4.37 $
4.60
$
0.62 $
2.62 $
5.69

Contributory Value Estimates
PV Value - Income ($/watt)
$
Net Cost ($/watt)
$
Gross Cost ($/watt)
$
Model Info
Total n
PV n
Non-PV n
Adjusted R2
Dependent Variable
Fixed Effects n

2.93 $
4.14 $
6.90 $

2.93 $
4.14 $
6.91 $

2.15
3.09
5.64

22,822
3,951
18,871

3,915
3,915
-

1,698
849
849

0.92
lnsp
1,830

0.68
lnsp
65

0.23
lnsp
n/a
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5. Conclusion
As PV systems become an increasingly common feature of U.S. homes, the ability to value homes with
these systems appropriately will become increasingly important. Our study fills important gaps in the PVhome-valuation literature by more than doubling the number of PV home sales previously analyzed,
examining transactions in eight different states, and spanning the years 2002–2013. We find home buyers
are consistently willing to pay PV home premiums; average premiums equate to approximately $4/W or
$15,000 for an average-sized 3.6-kW PV system. We find statistically similar results for new and existing
home types and PV homes that sold both inside and outside of California. We find premiums decrease
dramatically as PV systems age, dropping almost 60% of their value in the first decade of their expected
25-year life. Finally we find relatively consistent premiums across the 2002–2013 sample period,
encompassing the recent housing boom, bust, and recovery.
Our study also compares calculated premiums with contributory-value income, gross cost, and net cost
estimates. Despite the large drop in gross costs over the sample period, we see relatively flat PV
premiums, indicating that the gross cost is likely not a strong price signal. In contrast, net cost estimates
seem to be generally consistent with market value premiums, likely indicating their relevance to buyers
and sellers. PV Value income estimates—which for this study use the default average retail rates—are
consistently lower than the calculated market premiums. This indicates that a higher retail rate, which
reflects avoided costs of not being in that tier after the PV system is installed, would be more appropriate
for that portion of the sample.33
We recommend a number of areas for future study. This study focuses only on homes with host-owned
PV systems. Future analysis should focus on leased systems, because they are a growing portion of the
PV home market and have not been studied. In addition, our data are not robust to systems in their second
decade, and therefore such older systems should be the focus of future study. Further, although this work
allows for a robust analysis of average system premiums across the full dataset, and subsets of the data,
the results are not necessarily applicable to individual markets and states that might have unique
characteristics. Therefore, any market-specific (“small scale”) analysis, especially one that employs
appraisers and other valuers in those local markets, would be beneficial. Similarly, collecting and
analyzing more data in a wide variety of states individually would be useful. Additionally, because
premium differences related to the availability of PV homes are unclear, investigating both buyer’s
markets (with many PV homes available) and seller’s markets (with few PV homes available) would add
clarity to PV home valuation. Finally, very large PV systems and systems on commercial properties were
not represented in our data; both could have unique valuation characteristics and are thus areas for further
study.

33

For example, for California customers where tiered rates are common, a weighted rate based on tiers and the
usage within each tier for particular PV homes might result in a more appropriate estimated value.
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I ABSTRACT
Relatively little research exists estimating the marginal impacts of photovoltaic (PV) energy
systems on home sale prices. Using a large dataset of California homes that sold from 2000
through mid-2009, we find strong evidence, despite a variety of robustness checks, that existing
homes with PV systems sold for a premium over comparable homes without PV systems,
implying a near full return on investment. Premiums for new homes are found to be
considerably lower than those for existing homes, implying, potentially, a tradeoff between price
and sales velocity. The results have significant implications for homeowners, builders,
appraisers, lenders, and policymakers.
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II INTRODUCTION
California has been and continues to be the country’s largest market for photovoltaic solar (PV),
with nearly 1000 megawatts (MW) of cumulative capacity (SEIA & GTM, 2011). California is
also approaching 100,000 individual PV systems installed, more than 90% of which are
residential. One of the primary incentives for homeowners to install a PV system on their home,
or for home buyers to purchase a home with a PV system already installed, is the possibility that
a portion of any incremental investment in PV will be returned at the time of the home’s
subsequent sale. To this point though, relatively little research has been conducted on the
existence and level of these returns, though what has been done indicates that a premium does
exist.

Farhar et al. (2004a; 2008) tracked repeat sales of 15 “high performance” energy efficient homes
with PV installed from one subdivision in San Diego and found evidence of higher appreciation
rates, using simple averages, for these homes over comparable homes (n=12). More recently,
Dastrup et al. (2011) used a hedonic analysis to investigate the selling prices of 329 homes with
PV installed in the San Diego and Sacramento, California metropolitan areas, finding clear
evidence of PV premiums that averaged approximately 3% of the total sales price of non-PV
homes.

A portion of the sales price premium that a PV system generates is expected to be related to
energy cost savings. Although no studies exist investigating this link directly, potentially
analogous evidence does exist from the energy efficiency literature (e.g., Nevin and Watson,
2

1998; Nevin et al., 1999), thereby implying the same might exist for PV. Other energy
efficiency studies have gone further, finding a premium over and above what would be predicted
for energy savings alone, implying the potential of a “green cachet” driver to selling prices
(Eichholtz et al., 2009; Brounen and Kok, 2010; Eichholtz et al., 2011), which might exist for PV
homes too.

Another driver to PV home premiums might be the net installed costs (i.e., after available state
and federal incentives) of the PV systems. Buyers, in considering the appropriate premium for
PV, might consider the opportunity cost of purchasing a home without PV and installing the
system themselves. Similarly, sellers might use the net installed cost as a benchmark against
which to negotiate the premium. In California, the net installed costs of PV have hovered around
$5/watt over the last decade (Barbose et al., 2010).

Adding slightly to the complexity, the installed costs of PV systems are not the same across
home types, with net installed costs on new homes in CA enjoying approximately a $1/watt
average cost advantage over those on existing homes in retrofit applications (Barbose et al.,
2010). Further, sellers of new homes with PV (i.e., new home developers) might be reluctant to
increase home sale prices to the level that would return the full PV investment if, in return, there
would be a positive impact of PV on product differentiation and sales velocity, as some have
postulated (Dakin et al., 2008; SunPower, 2008). On net, it stands to reason that premiums for
PV on new homes might be lower than those for existing homes.
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Though a link between selling prices and some combination of energy cost savings, green cachet,
recouping the net installed cost of PV, and seller behavior likely exists, the existing empirical
literature in this area, has largely focused on either energy efficiency in residential and
commercial settings (e.g., Nevin and Watson, 1998; Eichholtz et al., 2009), or PV in residential
settings, but in a limited geographic area (San Diego and Sacramento), with relatively small
sample sizes (e.g., Farhar et al., 2004a; Dastrup et al., 2011). Therefore, to date, establishing a
reliable estimate for any existing PV premium across a wide market of homes has not been
completed. Moreover, establishing premiums for new versus existing homes with PV has not yet
been addressed.

To explore some of these possible relationships, we investigate the residential selling prices
across California of homes with existing PV systems against a comparable set of non-PV homes.
It should be stated that this research is not intended to disentangle the specific effects of energy
savings, green cachet, recovery of the cost of installation, or seller motivations, but rather to
establish credible estimates of aggregate PV residential sales price effects.
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III

METHODS AND STATISTICAL MODELS

A Methodological Overview
Several empirical model specifications, with a high reliance on the hedonic pricing model (Rosen,
1974; Freeman, 1979), are used in this paper to disentangle and control for the potentially
competing influences of home, site and neighborhood characteristics in order to determine
whether and to what degree PV homes sell for a premium. To test for the impact of PV systems
on residential selling prices, a set of “base” models are estimated and coupled with a set of
“robustness” models, to test and bound the estimated effects. Before describing these models in
more detail, however, a summary of the variables to be included in the models is provided.

B Variables Used in Models
In the base models, four sets of parameters are estimated, namely coefficients on the variables of
interest - the focus of the research (e.g., if the home has PV or not, and the size of the PV
system) and coefficients for three sets of controls that include: (1) home and site characteristics;
(2) geographic (census block group) fixed effects; and (3) temporal (year and quarter) fixed
effects. The first of these sets of control variables accounts for differences across the dataset in
home and site-specific characteristics, including the age of the home (linear and squared), the
total square feet of living area, and the relative elevation of the home (in feet) to other homes in
the block group; the latter variable serves as a proxy for “scenic vista,” a value-influencing
characteristic (see e.g., Hoen et al., 2009). Additionally, the size of the property in acres was
entered into the model in spline form to account for different valuations of less than one acre and
greater than one acre.
5

The geographic dummy variables control for aggregated “neighborhood” influences, which, in
our case, are census block groups. A census block group generally contains between 200 and
3,000 households, and is delineated to never cross boundaries of states, counties, or census tracts,
and therefore, in our analysis, serves as a proxy for “neighborhood.” To be usable, each block
group had to contain at least one PV home and one non-PV home. The estimated coefficients for
this group of variables capture the combined effects of school districts, tax rates, crime, distance
to central business district and other block group specific characteristics. Because block groups
are fairly small geographically, spatial autocorrelation is also, to some degree, dealt with through
the inclusion of these variables.

Finally, the temporal dummy variables for each quarter of the study period control for any
inaccuracies in the housing inflation adjustment. A housing inflation index is used to adjust the
sales prices throughout the study period to 2009 prices at a zip code level across as many as three
price tiers. 2 Although this adjustment is expected to greatly improve the model - relative to
using just a set of temporal dummy variables with an unadjusted price - it is also assumed that
because of the volatility of the housing market, the index may not capture price changes perfectly
and therefore the model is enhanced with the additional inclusion of these quarterly controls. 3

2

For more info on how the index is constructed see: http://www.caseshiller.fiserv.com/indexes.aspx.

3

A number of models were tested both with and without these temporal controls and with a variety of different

temporal controls (e.g., monthly) and temporal/spatial controls (e.g., quarter and tract interactions). The quarterly
dummy variables were the most parsimonious, and none of the other approaches impacted the results substantively.
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C Fixed and Continuous Effect Hedonic Models
The analysis begins with the most basic model comparing prices of all of the PV homes (both
new and existing) in the sample to non-PV homes across the dataset. As is common in the
literature (e.g., Malpezzi, 2003; Sirmans et al., 2005b; Simons and Saginor, 2006), a semi-log
functional form of the hedonic pricing model is used where the dependent variable, the (natural
log of) sales price (P), is measured in zip code-specific inflation-adjusted (2009) dollars. To
determine if an average-sized PV system has an effect on the sale price of PV homes (i.e., a fixed
or dummy effect) we estimate the following base model:
ln(Pitk ) =
α + β1 ( Tt ) + β 2 ( N i ) + ∑ β3 ( X i ) + β 4 ( PVi ) + ε itk

(1)

a

where Pitk represents the inflation adjusted sale price for transaction i, in quarter t, in block group
k,α is the constant or intercept across the full sample, Ti is the quarter in which transaction i
occurred, Ni is the census block group in which transaction i occurred, Xi is a vector of a home
characteristics for transaction i (e.g., acres, square feet, age, etc.), PVi indicates the presence of
PV on transaction i and is measured as either a zero-one dichotomous variable (i.e., a fixed or
dummy effect) or by the actual size of the PV system, β1 through β4 are parameters to be
estimated, and εitk is a random disturbance term.

The parameter estimate of primary interest is β4. If differences in selling prices exist between
PV and non-PV homes, we would expect the coefficient for this parameter to be positive and
statistically significant. The size based (continuous effect) specification of the model may be
preferable to the dummy variable (fixed effect) specification because one would expect that the
impact of PV systems on residential selling prices would be based, at least partially, on the size
7

of the system, as size is related to energy bill savings. 4 Moreover, this specification allows for a
direct estimate of any PV home sales premium in dollars per watt ($/watt), which is the form in
which other estimates – namely average net installed costs – are reported. Therefore, although
both specifications are reported, greater emphasis is placed on the size based (continuous effect)
specification in this paper. 5

D New and Existing Home Models
Although equation (1) is used to estimate whether a PV system, on average, affects selling prices
across the entire data sample, they do not allow one to distinguish any such effects as a function
of house type, specifically whether the home is new or existing. As discussed earlier, new homes
with PV might have different premiums than existing homes. To try to tease out these possible
differences, two additional base hedonic models are estimated using the continuous effect
specification of equation 1, one with only new homes and the other with only existing homes.

4

Ideally, the energy bill savings associated with individual PV systems could be entered into the model directly, but

these data were not available. Moreover, estimating the savings accurately on a system-by-system basis was not
possible because of the myriad of different rate structures in California, the idiosyncratic nature of energy use at the
household level, and variations in PV system designs and orientations.
5

An anonymous reviewer wondered if there was an independent “existence” capitalization effect for solar, such that

both the PVi and PVi*SIZEi variables be included in models. We had initially explored this in a variety of models
finding the PVi variable was always insignificant in such specifications. Given these results we opted for the
parsimonious alternative thereby eliminating the PVi variable.

8

Comparing the coefficients of the SIZE variables (β4) from these two models elucidates the
relative size of the impact of PV systems across the two home types. 6

IV

DATA OVERVIEW

To estimate the models described above, a dataset of California homes is used that joins the
following five different sets of data: (1) PV home addresses and system information from three
organizations (California Energy Commission, California Public Utilities Commission, and the
Sacramento Municipal Utility District) that have offered financial incentives to PV system
owners in California; (2) real estate information that is matched to those addresses and that also
includes the addresses of and information on a random sample of non-PV homes nearby (Core
Logic, Inc); (3) home price index data that allow inflation adjustments of sale prices to 2009
dollars (Fiserv Case-Schiller Index) 7; (4) locational data to map the homes with respect to nearby
neighborhood/environmental influences (Sammamish Data Systems Inc.); and (5) elevation data
to be used as a proxy for “scenic vista” (California Environmental Resources Evaluation System).
Combining the PV system and real estate data via address allowed us to determine if a home sold
after the PV system was installed. This sample of homes is the focus of our analysis. A subset
of these data also sold more than once, and those that did so prior to the PV system installation
were separated out, to be used in the difference-in-difference robustness check discussed below.

6

The results of this split model, though, are robust to the alternative specification as a combined new and existing

model, as are models that allow each of the controlling parameters to vary by house type or block group, as was the
suggestion of an anonymous reviewer.
7

See link provided in footnote 1.
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E Data Summary
The final full dataset includes a total of 72,319 transactions, with 1,894 PV homes and 70,425
non-PV homes. As indicated in Table 1, the average PV home not only has higher sales values
(in 2009 $) relative to non-PV homes, but there are also important differences between PV and
non-PV homes as regards to other home, site, neighborhood, and market characteristics that
could, potentially, be driving differences in value. The dataset (as summarized in Table 2 and
Table 3) has sales that: (1) are from 31 of the 58 counties in California; (2) are approximately
60% existing home types; (3) occurred over eleven years (1998-2009), with the largest
concentration of PV sales occurring in 2007 and 2008; and (4) located primarily within four
major utility service areas (Pacific Gas & Electric, Southern California Edison, San Diego Gas &
Electric, and Sacramento Municipal Utility District), with the largest concentration in the Pacific
Gas & Electric territory.
Table 1: Variable Descriptions and Summary Statistics

Variable
sp2
asp2
lasp2
acre
acrelt1
ages2
ages2sqr
bgre_100
pvage
size
sqft_1000
yrbuilt

Description
most recent sale price (not adjusted for inflation)
inflation adjusted most recent sale price (in 2009 dollars)
natural log of asp2
size of the parcel (in acres)
number of acres less than one
age of home as of sd2
ages2 squared
relative elevation to other homes in block group (in 100s of feet)
age of the PV system at the time of sale
size (in STC DC kW) of the PV system
size of living area (in 1000s of square feet)
year the home was built
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Non-PV Homes (n = 70,425)
PV Homes (n = 1,894)
Mean
Std. Dev.
Mean
Std. Dev.
$
584,740 $
369,116 $
660,222 $
435,217
$
480,862 $
348,530 $
537,442 $
387,023
12.9
0.6
13.0
0.6
0.3
0.8
0.4
1.0
0.2
0.2
0.2
0.2
19
23.3
17.3
24.5
943
1681
937
1849
0.0
1.2
0.2
1.3
0
0
1.5
2.0
0
0
3.1
1.6
2.2
0.9
2.4
0.9
1986
23
1989
25

Table 2: Frequency Summary by California County
CA County
Non-PV
Alameda
4,826
Butte
457
Contra Costa
5,882
El Dorado
938
Humboldt
7
Kern
2,498
Kings
134
Los Angeles
3,368
Marin
1,911
Merced
48
Monterey
10
Napa
36
Orange
1,581
Placer
11,832
Riverside
4,262
Sacramento
10,928
San Bernardino
2,138
San Diego
1,083
San Francisco
407
San Joaquin
1,807
San Luis Obispo
232
San Mateo
2,647
Santa Barbara
224
Santa Clara
6,127
Santa Cruz
90
Solano
2,413
Sonoma
1,246
Tulare
774
Ventura
1,643
Yolo
16
Yuba
860
Total 70,425

PV
153
12
138
85
2
53
5
82
61
2
2
1
44
159
87
483
50
30
16
20
1
92
7
157
1
39
32
14
42
1
23
1,894

Total
4,979
469
6,020
1,023
9
2,551
139
3,450
1,972
50
12
37
1,625
11,991
4,349
11,411
2,188
1,113
423
1,827
233
2,739
231
6,284
91
2,452
1,278
788
1,685
17
883
72,319
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Table 3: Frequency Summary by Home Type, Utility and Sale Year
Home Type *
New Home
Existing Home

Non-PV
26,938
43,487

PV
935
897

Total
27,873
44,384

Utility **
Pacific Gas & Electric
(PG&E)
Southern California
Edison (SCE)
San Diego Gas &
Electric (SDG&E)
Sacramento Municipal
Utility District (SMUD)
Other

Non-PV

PV

Total

Sale Year
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

Non-PV
110
379
1,335
6,278
8,783
10,888
10,678
9,072
8,794
9,490
4,618

36,137

1,019

37,156

14,502

337

14,839

8,191

35

8,226

11,393

498

11,891

202

5

207

PV
0
1
10
37
63
153
168
173
472
642
175

Total
110
380
1,345
6,315
8,846
11,041
10,846
9,245
9,266
10,132
4,793

* A portion of the PV homes could not be classified as either new or
existing and therefore are not included in these totals
** Non-PV utility frequencies were estimated by mapping block groups
to utility service areas, and then attributing the utility to all homes
that were located in the block group
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V BASE MODEL ESTIMATION RESULTS
Estimation results for four models based on equation 1 are presented in Table 4. The relatively
high model performance statistic (i.e., adjusted R2, which equals 0.94) reflects, in part, the ability
of the inflation index and temporal fixed effects variables to adequately control for market
conditions, but, as one anonymous reviewer pointed out, is also an indication of the lack of
variation inside the census block groups; without these fixed effects the statistic drops to
approximately 0.45. 8 The sign and magnitude of the home and site control variables are
consistent with a priori expectations, are largely stable across all models, and are statistically
significant at the 1% level in most models. For example, each additional 1000 square feet of
living area added to a home is estimated to add between 19% and 26% to its value, while the first
acre adds approximately 40% to its value with each additional acre adding approximately 1.5%.
For each year a home ages, it is estimated that approximately 0.2% of its value is lost, yet at 60
years, age becomes an asset with homes older than that estimated to garner premiums for each
additional year in age. Finally, for each additional 100 feet above the median elevation of the
other homes in the block group, a home’s value is estimated to increase by approximately 0.3%.
These results can be benchmarked to other research. Specifically, Sirmans et al. (2005a; 2005b)
conducted a meta-analysis of 64 hedonic pricing studies carried out in multiple locations in the
U.S. during multiple time periods, and investigated similar characteristics as included in the
models presented here, except for relative elevation. As a group, each of the home and site

8

The results discussed below are robust to the removal of either or both the neighborhood fixed effects variables and

the temporal variables.
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characteristic estimates in the present study differ from the mean Sirmans et al. estimates by no
more than one half of one standard deviation.

In summary, these results suggest that the hedonic models estimated here are effectively
capturing many of the drivers to home sales prices in California, and therefore provide increased
confidence that those same models can be used to accurately capture any PV effects that may
exist.

F Fixed and Continuous Effect Hedonic Model Results
The results from the base hedonic models (equation 1), are shown in Table 4. These models
estimate the differences across the full dataset between PV and non-PV homes, using either a
dummy variable for the presence of PV system (PV) or the continuous specification using the
size of the PV system (SIZE). Regardless of the specification, the variables of interest are
positive and significant at the 1% level. The PV coefficient can be directly interpreted as, in the
case of the dummy application, or used to determine, in the case of the continuous specification,
the percentage increase in the sales price of a PV home over the mean non-PV home sales price
in 2009 dollars based on an average sized PV system. By dividing the monetary value of this
increase by the number of watts for the average sized system, this premium can be converted to
2009 dollars per watt ($/watt). Therefore, in the Dummy variable PV specification, multiplying
the mean non-PV house value of $480,862 by 0.036 and dividing by 3120 watts, yields a
premium of $5.5/watt (see bottom of second column in Table 4). Alternatively, the SIZE
coefficient directly reflects the percentage increase in selling prices in 2009 dollars for each
additional kW added to the PV system. Therefore, to convert the SIZE coefficient to $/watt, the
14

mean house value for non-PV homes is multiplied by the coefficient and divided by 1000.
Therefore, for the Continuous model (see third column in Table 4), $480,862 is multiplied by
0.012 and divided by 1000, resulting in an estimate of $5.8/watt.

Table 4: Base Hedonic Model Results
Dummy
0.036***
(0.005)

pv
size
sqft_1000

0.253***
(0.001)
0.417***
(0.009)
0.016***
(0.002)
-0.004***
(0.0002)
0.00003***
(0.000003)
0.003***
(0.001)
12.703***
(0.010)

lt1acre
acre
ages2
ages2sqr
bgre_100
intercept

Continuous

0.012***
(0.002)
0.253***
(0.001)
0.416***
(0.009)
0.016***
(0.002)
-0.004***
(0.0002)
0.00003***
(0.000003)
0.003***
(0.001)
12.702***
(0.010)

New Home

0.006*
(0.003)
0.247***
(0.002)
0.536***
(0.019)
-0.007
(0.005)
-0.010
(0.006)
0.00768***
(0.001676)
0.008***
(0.001)
12.651***
(0.022)

Existing Home

0.014***
(0.002)
0.256***
(0.002)
0.373***
(0.010)
0.019***
(0.002)
-0.005***
(0.000)
0.00004***
(0.000003)
0.002
(0.001)
12.820***
(0.013)

Numbers in parenthesis are standard errors, *** p<0.01, ** p<0.05, * p<0.1
Results for subdivision, block group, and quarterly fixed effect variables are not
reported here, but are available upon request from the authors
Total n
2

Adjusted R
n (pv homes)
Mean non-pv asp2
Mean size (kW)
Estimated $/Watt

$
$

72,319
0.93
1,894
480,862 $
3.1

72,319
0.93
1,894
480,862 $
3.1

27,873
0.94
935
397,265 $
2.5

5.5 $

5.8 $

2.3 $
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44,384
0.93
897
532,645
3.8
7.7

These results are in line with those found previously by Dastrup, et al. (2011), even though they
focused, to some degree, on different geographies. They estimated an average increase in selling
price of $15,373, which, when divided by their mean PV system size of 3.37 kW, implies an
effect of $4.6/watt, though, their sample, which consisted of 329 PV sales, were focused in San
Diego (n = 275) and Sacramento, CA (n = 54), while our analysis had 35 and 498 sales in those
areas, respectively (see Table 3). Additionally, our results are in line with, though slightly higher
than, the mean net installed costs of PV on homes in California of approximately $5/watt over
the same period (Barbose et al., 2010). This result may indicate that both buyers and sellers are
using the net installed cost as a partial basis to value a PV home.

Although not investigated here, one possible reason for sales price premiums that are above net
installed costs is that buyers of PV homes may in some cases price in the opportunity cost of
avoiding having to do the PV installation themselves, which might be perceived as complex.
Moreover, a PV system installation that occurs after the purchase of the home would likely be
financed outside the first mortgage and would therefore loose valuable finance and tax benefits,
thereby making the purchase of a PV home potentially more attractive that installing a PV
system later, even if at the same cost.

G New and Existing Home Model Results
Turning from the full dataset to one specific to the home type, we estimate base models for new
and existing homes, as also shown in Table 4. The coefficient of interest, SIZE, is statistically
significant at or below the 10% level in the new home model and at the 1% level in the existing
16

home model. Estimates for the average $/watt increase in selling prices as a result of PV systems
for new homes is $2.3/watt, whereas the comparable value for existing homes is $7.7/watt.

Though, the apparent discrepancy in premiums between new and existing homes is consistent
with a priori expectations, the exact reasons are unclear and warrant future research. They might
be explained, in part, by the difference in average net installed costs, which, from 2007 to 2009,
were approximately $5.2/watt for existing homes and $4.2/watt for new homes in California
(derived from the dataset used for Barbose et al., 2010). The gap in net installed costs between
new and existing homes is not wide enough to fully account for these findings, however.

Several alternative explanations for the disparity between new and existing home premiums exist.
There is some evidence that builders of new homes might discount premiums for PV if, in
exchange, PV systems provide other benefits for new home developers, such as greater product
differentiation and increased sales velocity, thus decreasing overall carrying costs, as some case
studies (Dakin et al., 2008) and industry reports (SunPower, 2008) have suggested. Further,
sellers of new homes with PV might be reluctant to try to fully recoup installed PV system costs
because of the burgeoning state of the market for PV homes and concern that more aggressive
pricing could slow home sales. Also, because many builders of new homes began offering PV as
a standard feature (rather than an option) over the last few years (Farhar et al., 2004b; Dakin et
al., 2008) PV premiums might have been more difficult to maximize. For example, because
sales agents for the new PV homes have been found to either not be well versed in the specifics
of PV and felt that selling a PV system was a new sales pitch (Farhar et al., 2004b) or to have
combined the discussion of PV with a set of other energy features (Dakin et al., 2008), up-selling
17

the full value of the PV system as a standard product feature might not have been possible. A
final postulate for the relatively small new home premium exists: because the average sales price
of new PV homes in our dataset is lower than the average sales price of existing PV homes, and
PV is considered a luxury good, it may be somewhat less-highly valued for the buyers of the new
homes. 9

These downward influences for new homes might potentially contrast with analogous upward
influences for existing homes, creating a larger disparity. For example, buyers of existing homes
with PV may, to a greater degree than buyers of the less expensive new homes in our sample, be
self-selected towards those who place particular value on a PV home, and therefore value the
investment more. Additionally, in contrast to new home sellers, who might not be familiar with
the intricacies and benefits of the PV system, existing home sellers are likely to be very familiar
with the particulars of the system and its benefits, and therefore might be able to “up-sell” it
more effectively.

9

In addition to the alternative explanations offered herein, an anonymous reviewer suggested two other

possibilities: (1) developers install solar on enough homes in the neighborhood to make the visible panels effective
advertising of the target buyer types and since we are using within-neighborhood comparisons this would tend to
equalize solar and non-solar prices in new communities; and (2) a new development may feature some homes with
PVs, other homes in the neighborhood with extras not observable in our dataset (e.g., passive lighting), and maybe
some homes with both thus making an omitted variables problem more likely in new subdivisions. Sorting through
these many possibilities is beyond the scope of this paper.
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These possible influences, in combination, may explain the difference in average PV premiums
between new and existing homes. Evaluating the effect on sale price premiums of these specific
drivers is beyond the scope of this work, but warrants further study.

H Robustness Tests
For each base model we explore a number of different robustness models to better understand if
and to what degree the results are potentially biased. Although an abbreviated discussion is
included here, a full discussion of these tests and their results is available in Hoen at al., 2011.

Two areas of bias are of particular concern: omitted variable bias and sample selection bias, and
therefore robustness tests are created to address these biases. To potentially mitigate the issue of
omitted variable bias, two methods were explored: 1) a variety of other home and site
characteristics, that were not fully populated across our sample, are tested, such as the condition
of the home, the number of bathrooms, the number of fireplaces, and if the home had a garage
and/or a pool; and 2) a subdivision dummy variable is substituted, where available, as a proxy for
“neighborhood” in place of the block-group dummy variables. To mitigate the issue of selection
bias, a “coarsened exact matched” dataset is used (King et al., 2010; Iacus et al., 2011), instead
of the full dataset. These two sets of robustness models are also applied to both the new and
existing home models, and an additional set of robustness tests is estimated for the existing
homes in the form of a difference-in-difference model.

The results from these models similarly estimate a relatively large statistically significant
premium for PV homes, but indicate that the base models might be overstating the effect and that
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the true effect might instead be in the range of $3.9/watt to $4.8/watt for an average PV home.
The robustness results for new and existing homes imply that the actual premiums, respectively,
might be slightly larger ($2.6/watt) and slightly smaller (between $6.0 and $6.5/watt) than what
was estimated in the base models. Regardless of the absolute magnitude, a sizable premium for
PV homes over non-PV homes is clearly evident in the results, as is the premium for existing PV
homes over that garnered by new PV homes.

VI

COMPARISON TO ENERGY SAVINGS ESTIMATES

As discussed earlier, premiums for PV (and other energy related features) are expected to be
related to energy savings. In the energy efficiency (EE) literature, a ratio is often used to clarify
this relationship, namely the ratio of the home sale price premium to the annual energy savings.
These ratios have ranged from approximately 7:1 (e.g., Horowitz and Haeri, 1990), to
approximately 20:1 (e.g., Nevin et al., 1999; Eichholtz et al., 2009) to as high as 31:1 (e.g.,
Nevin and Watson, 1998). In the absence of similar studies for PV, practitioners have sometimes
referred to these ratios for EE as also applicable to PV (e.g., Black, 2010).

Although actual home energy bill savings from PV for the sample of homes used for this
research were not available, a rough estimate is possible, allowing for a comparison of our
results to the previous results for EE. Specifically, assuming that 1,425 kWh (AC) are produced
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per year per kW (DC) of installed PV on a home (Barbose et al., 2010; 2010), 10 which offsets
electricity use at an average rate of $0.20/kWh (AC) (Darghouth et al., 2010), each watt (DC) of
installed PV can be estimated to save $0.29 in annual energy costs. Using these assumptions, the
$/watt PV premium estimates reported earlier can be converted to sale price to energy savings
ratios. Thus, a $3.9 to $6.4/watt premium in selling price for an average CA home with PV
installed equates to a 14:1 to 22:1 sale price to energy savings ratio, respectively. For new
homes, with a $2.3-2.6/watt sale price premium, this ratio is estimated to be 8:1 or 9:1, and for
existing homes, with an overall sale price premium range of $6-7.6/watt, the ratio is estimated to
range from 21:1 to 26:1. Without actual energy bill savings, these estimates are somewhat
speculative, but nonetheless are broadly consistent with the previous research that has focused on
EE-based home energy improvement.

VII CONCLUSIONS
The market for solar PV is expanding rapidly in the U.S. Almost 100,000 PV systems have been
installed in California alone, more than 90% of which are residential. Some of those “PV homes”
have sold, yet little research existed estimating if those homes sold for significantly more than
similar non-PV homes. This research has used a dataset of approximately 72,000 California
homes, approximately 2,000 of which had PV systems installed at the time of sale, and has

10

The 1,425 kWh (AC) estimate is a combination of a 0.19 capacity factor (Based on AC kWh and CEC-AC kW)

from CPUC (2010), and an 0.86 conversion factor between CEC-AC kW and DC kW (Barbose et al., 2010).
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estimated a variety of different hedonic and difference-in-difference models to directly address
this question.

The research finds strong evidence that homes with PV systems in California have sold for a
premium over comparable homes without PV systems. More specifically, estimates for average
PV premiums range from approximately $3.9 to $5.8 per installed watt (DC), among a variety of
different model specifications that coalesce near $5.5/watt. That value corresponds to a premium
of approximately $17,000 for a relatively new 3,100 watt PV system (the average size of PV
systems in the study). This implies an approximate near-full return on homeowner investment
(i.e., after state and federal incentives) given average net installed costs of PV systems in
California during the study period of near $5/watt.

When the dataset is split among new and existing homes, PV system premiums are found to be
markedly affected, with new homes demonstrating average premiums of $2.3-2.6/watt, while
existing homes are found to have average premiums of $6-7.7/watt. The new home findings
imply, potentially, a trade-off between sales price and sales velocity.

These results have potentially significant implications for stakeholders in the PV arena, including
homeowners, builders, appraisers, lenders, and even state and federal policymakers. Solar PV
investments are sizable, and must be made under uncertainty, as future electricity rates, electrical
output, and on-going maintenance requirements cannot be known with precision. Given the
possibility that a homeowner might not reside in their home for long enough to experience the
full returns of electricity bill savings from their PV investment, uncertainty over the impact of
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PV on home resale value could further dissuade investment in PV and thereby slow solar
deployment. State and federal policymakers, meanwhile, have developed a variety of incentive
programs to try to overcome these barriers and to increase solar deployment. Our results
strongly suggest that, on average at least, PV systems have substantial value upon home sale,
thereby reducing this source of uncertainty for buyers, sellers, and developers, and potentially
facilitating increased deployment of solar systems. If popularized, these results could reduce the
amount of state and federal incentives that might otherwise be needed to support a given amount
of solar deployment. To make such an outcome possible, however, homeowners would need to
include resale value considerations when making investment decisions, which requires morecomprehensive life-cycle costing approaches rather than the simple payback calculations that are
often used but that ignore resale value. Acceptance by appraisers and lenders of the resale value
of PV could further reinforce to homeowners that such impacts are real, and such changes seem
to be underfoot (e.g., Appraisal Institute, 2011). Finally, though our results suggest that new
home builders can also expect a premium for solar homes, the average premium has not – to this
point – been sufficient to cover the net cost of PV systems. Encouraging greater uptake of solar
in new homes may therefore require higher state and federal incentive levels and/or greater
customer education, or for homebuilders to more-fully recognize the other possible benefits of
PV in the form of sales velocity and other considerations.

Finally, this research uncovers a number of possible future areas of research, most notably: 1)
future research would ideally include more-recent sales (the present sample was limited to mid2009) from a broader geographic area to better understand any regional/national differences that
may exist including differences in net installed costs and therefore increase external validity, and
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also to better understand how/if the recent housing market crash affected PV premiums; and 2)
comparing sales price premiums to actual annual home energy cost savings, to not only explore
the sale price to annual energy cost savings ratio directly, but also to explore if a green cachet
exists over and above any sale price premiums that would be expected from energy cost savings
alone.
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IX
I

DATA APPENDIX

Data Processing
Data cleaning and preparation for final analysis was a multifaceted process involving the

exclusion of homes because of missing core real-estate characteristic data (e.g., sale date, year
built, square feet), sales occurring outside the range of the index (January 1970 to June 2009),
and screening the data of outliers and potentially erroneous data.

To focus our analysis on more-typical California homes, sales transactions were required to meet
the following criteria (see Table 1 for variable descriptions and summary statistics):
•

an inflation adjusted most recent sale price between $85,000 and $2,500,000;

•

living area in square feet greater than 750;

•

price per square feet of living area between $40 and $1,000;

•

lot size greater than living area but less than 25 acres;

•

year built more recent than 1900;

•

age of the home (in years) at the time of the most recent sale greater than or equal to negative
one;

•

number of bathrooms greater than zero and less than ten;

•

size of the PV system greater than 0.5 and less than 10 kilowatts (kW); and

•

total assessed value less than or equal to the predicted assessed value, where the latter equal
the most recent sale price*1.02^(2010-year of sale). (This screen was intended to help
ensure that homes that had significant improvements since the most recent sale, which would
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be reflected in a higher assessed value than would otherwise be the maximum allowable
under California property tax law, were removed from the dataset. The screen was not
applied to homes that sold in 2009, however, because, in those cases, assessed values often
had not been updated to reflect the most recent sale.)

In addition, each census block group in the study was required to contain at least one PV home
sale and one non-PV home sale. In total, these screens removed 213 PV homes and 8,418 nonPV homes from the sample. The results are robust to their individual and collective inclusion.
In addition to the screens listed, a number of alternatives were tested, such as limiting the sample
to only homes with sale prices less than $1 million or $600,000, or to homes that had smaller
“footprints”, none of which influenced the results significantly.

J

New and Existing Homes

New and existing homes were determined in an iterative process. For PV homes, the type of
home was often specified by the data provider. It was also discovered that virtually all of the
new PV homes (as specified by the PV data providers) had ages, at the time of sale, between
negative one and two years, inclusive, whereas the existing PV homes (as specified by the PV
data providers) had ages greater than two years in virtually every case. The small percentage
(3%) of PV homes that did not fit these criteria was excluded from the models. For non-PV
homes, no data specifying the home type were available, therefore, groupings were created
following the age at sale criteria used for PV homes (e.g., ages between negative one and two
years apply to new non-PV homes).
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The approximately 50:50 ratio of new homes to existing homes occurs because our sampling
procedure begins with solar home sales and is then augmented with a random sample of
comparable homes. This suggests that the sample may not be truly representative of the overall
population of home sales, which would have a higher proportion of existing homes, nor of the
population of PV homes, which are heavily weighted toward existing homes (see Barbose et al.
2011).
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a b s t r a c t
Recent increase of installations of solar energy systems on residential properties begs the question of whether
such investments are being recognized by the market. Studies that estimate the impact of solar technologies
on home values have been scarce. Using transaction and valuation data for a sample of residential properties
in Arizona and matching methodology, results show that solar photovoltaics installation indeed has positive impacts on both house value and transaction prices. This is the ﬁrst empirical study conducted in Arizona, a state of
crucial importance for solar energy development with its abundant solar resources. In particular, properties with
electricity-generating solar panels enjoy an average premium of approximately $45,000 (15% of medium home
value) and transaction price premium of $28,000 (17% of medium home sales price). We do not ﬁnd a statistically
signiﬁcant premium on homes with solar water heaters alone.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction
Over recent years, installation of photovoltaic energy systems (hereafter solar panels or solar PV) has experienced rapid growth in the
United States, but the distribution is not uniform across states and
there remains plenty of room for further growth. As of 2014, the three
states with the highest per capita cumulative capacity of solar electrical
generating capacity (as measured by megawatts per 1 million people)
are Hawaii, Arizona, and Nevada (Weissman and Sargent, 2015). In
terms of total installed capacity, the top three states of California, New
Jersey, and Arizona account for more than half of the solar panels in
the country. Take Arizona for instance, the popularity of solar panels increased drastically within a relatively short period of time. Despite such
phenomenal expansion, studies that estimate the impact of solar panels
and other solar technologies such as solar water heaters on home value
remain scarce. An enhanced understanding of such impact would not
only be useful to home owners or house purchasers when deciding
whether to install solar technologies or purchase a house with solar energy systems, but also important to policy makers trying to encourage
the renewable energy technology adoption as well as local ﬁscal authorities when calculating property tax base.
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As mentioned above, studies focusing on the impact of solar panels
on house prices have been limited. Hoen et al. (2015) analyze a large
dataset of eight states' PV homes and ﬁnd a sales price premium of
$15,000 for an average-sized 3.6-kW PV system. Dastrup et al. (2012)
ﬁnd that houses with solar panels enjoy a 3.5% (or $23,000) premium
over comparable houses without solar panels in terms of sales price
using data from San Diego and Sacramento counties of California, and
that the premium is larger in communities with greater share of college
graduates and of registered Prius hybrid vehicles. Hoen et al. (2011) and
Hoen et al. (2013) examine a sample of California homes sold from 2009
to mid-2009 and discover that homes with solar panel installation enjoy
a sales price premium of approximately $17,000, which is approximately equal to the cost of installation. Regarding solar hot water heaters, to
the best of our knowledge, there is no published study on the impact on
housing price premium. Outside of the residential solar homes sphere,
there is evidence that “green” hotels indeed charge a premium relative
to non-green hotels, suggesting that there is a willingness to pay by consumers for “green” sheltering (Kuminoff et al., 2010). However, the
study does not concentrate on the effects of solar panels in particular.
Some recent papers have identiﬁed the positive correlation between
energy-related improvements (green certiﬁcates) and selling prices
for commercial properties (Eichholtz et al., 2010, 2013), while other papers have found premiums enjoyed by green-labeled homes, again not
restricting to solar panels (Brounen and Kok, 2011; Walls et al., 2017).
Recognizing the absence of extensive research on solar-panel premiums, Black (2010) uses studies on the impact of energy efﬁciency
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investments and energy bill savings to justify the hypothesis that solar
panels can increase home sales prices. Although logically valid, such approximations might not be completely satisfactory and reliable. In theory, when the carrying cost (which includes electricity cost) of a home
is lowered, all else equal a potential buyer should be willing to pay
more for that home. Consequently, the present value of the expected
savings derived from solar-panel installation should be capitalized
into the value of the home. Indeed, there have been some older studies
revealing a positive correlation between lower energy bills (presumably
a consequence of energy related home improvements, which include
but not restricted to solar panel installation) and residential selling
prices (Johnson and Kaserman, 1983; Longstreth et al., 1984; Laquatra,
1986; Dinan and Miranowski, 1986; Horowitz and Haeri, 1990; Nevin
and Watson, 1998; Nevin et al., 1999). This translation mechanism between lower energy cost and house sales prices might hold for solar
panels as well because solar panels generate electricity on-site for customers and thus customers pay less to the utilities.
Of course, the fact that houses with solar panels enjoy a premium in
sales price alone does not necessarily mean that such installation is a
sound investment. It might very well be the case that the premium
enjoyed is insufﬁcient to cover the cost of installation. Purely based on
energy savings, solar panels might not be a NPV positive investment
(Borenstein, 2008). However, Borenstein's study does not include
sales price premium and only focuses on energy savings. One might
ask why house price premium in equilibrium should be greater than
the present value of energy savings. One potential explanation is that
solar panel installation is a type of conspicuous consumption
(Kotchen, 2006), and assume that certain house buyers attach value to
enjoying the common knowledge that their homes are “green,” it
would induce houses with solar panels to enjoy a price premium relative to otherwise comparable houses.
Intuitively, the main incentive for homeowners to install solar panels
to their homes and for buyers to prefer a home with solar panels is the
reduction in electricity cost. However, someone facing the installation
decision also faces many uncertainties regarding the potential beneﬁts
of the solar panels, and these uncertainties often deter the agent from
installing the panels. Uncertainties include the duration of occupancy/
ownership relative to the payback period of the panels, the performance
of the panels (in terms of energy saving capabilities) which impacts the
payback period calculation (Qiu et al., 2014), and the impact on house
value after installation, all of which are important variables determining
whether solar panel installation is a sound investment.
Out of the three main uncertainties mentioned above, the impact on
the house value is especially important and is the focus of this study. Assuming that installation of solar panels has an immediate and positive
impact on house value, then at least a fraction of this value should be
captured by the seller when the home is sold.1 If the magnitude of this
positive impact is sufﬁciently large, it would mitigate the deterrence
on solar panel installation from the uncertainty of occupancy period.
Of course, the magnitude of the impact will likely be a function of the
expected payback period, which in turn depends on the expected performance of the panels. But at the very least, the fact that the current
owner might need to sell the property prior to the breakeven threshold
would no longer be a barrier to solar panel installation if he can capture
the gains immediately in the terms of house value2 and realize that gain
when he needs to sell. Consequently, this study not only focuses on the
impact of solar panels on home sales prices, but also on estimated market values.
There are three major contributions of this study. First, it is the ﬁrst
study estimating the impact of solar energy systems on home values
in Arizona. Given Arizona's abundant solar resources and the on-going
debate in the state about whether utilities should impose demand
1
The exact fraction would depend on market conditions at the time of the sale and the
relative bargaining skills of the two parties.
2
Perhaps via a home equity loan.
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charge for solar homes (RMI, 2015), it is important to demonstrate the
impact of solar energy systems on home values in order to provide a
clear signal of the potential beneﬁt of installing solar energy systems.
Second, in addition to solar panel, this study also analyzes values of
houses with solar hot water heaters, which has been rarely studied in
existing literature. Water heaters account for about 17% of a home's energy use (Energy.Gov, 2014) thus investment in solar water heater is
also important for saving energy. Third, this study improves on methodology through a matching approach controlling for confounding home
energy attributes such as energy audit, fresh air mechanical ventilation,
load controller, energy efﬁciency certiﬁcates, multi-zone heating and
cooling, and ceiling fans that can also impact home values.
Using transaction and valuation data for a sample of residential
properties in Arizona in 2014 and matching methodology, results
show that solar installation indeed has positive impacts on both house
value and transaction prices. In particular, solar panel installation in Arizona increases house value by 15% ($45,000) and transaction price by
17% ($28,000) on average. The results have important implications for
policy makers, solar industry, real estate investors, and home owners.
The rest of the paper is organized as the following. Section 2 discusses
the empirical strategy. Section 3 describes the data. Section 4 presents
the results and their implications. Section 5 discusses the implications
and concludes.
2. Empirical strategy
A matching approach similar to the one in Qiu et al. (2016) is utilized
to eliminate the selection bias and to estimate the causal impact. In particular, matching methods select a control group that is as similar to the
treatment group as possible prior to the treatment (Abbott and Klaiber,
2013), which is referred to as a Nonequivalent Control Group Design
(Campbell and Stanley, 1963). The Electric Power Research Institute
(EPRI) Research Protocol (EPRI, 2010a) states that “the objective of
this approach is to create a non-equivalent control group that is as similar as possible to the treatment group formed by volunteer
participants.”
In the case of voluntary program participation (in this case the “program” would be solar energy system installation), researchers can implement a matching method if the following two assumptions hold:
1) if conditional on the observed control variables, the participation
and the outcome variables are independent or that only observable factors inﬂuence participation and the outcome variables simultaneously,
the so-called selection on observables (Conditional Independence or
CIA); 2) given a level of the observed control variables, the probability
of a subject participating in the program is between zero and one (Common Support or CS).
In this study, Assumptions 2 can be justiﬁed to hold: given a level of
the key observable attributes such as – number of bedrooms, number of
bathrooms, square footage, lot size, whether a house has a pool, whether a house has a desirable view, and years built– there are both homes
that volunteered to install solar energy systems and homes that did
not. Regarding Assumption 1, since the rich dataset includes various
home attributes, in our analysis we have included a comprehensive
list of observable characteristics to make the selection based on observables. Location is a key factor determining property values. As Dastrup
et al. (2012) found, community characteristics can inﬂuence the valuation of energy features in a house. Thus during the matching process, for
a solar home, we ﬁnd a control home that is located in the same zip code
to control for any regional factors inﬂuencing property values. In addition, the standard errors are clustered at zip code level, in order to control for any intra-zip-code correlation in property values.
Inexact matching is utilized when exact matching is not feasible. Inexact matching requires a measurement of “distance” between any two
observations, i and j. However, as the dimension of the variables being
matched increases, it is hard to calculate such distance. As mentioned
earlier, the rich dataset in this study provides information of various
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home attributes. To have a balanced match on these many attributes, we
adopt the coarsened exact matching (CEM) method by Blackwell et al.
(2009). CEM matching method ﬁrst coarsens each attribute into substantively meaningful categories, then exact matches on the coarsened
category, and ﬁnally only retains the original coarsened values of the
data. Iacus et al. (2012) discuss the beneﬁts of the CEM method and
the key property is that CEM is in a class of matching methods called
Monotonic Imbalance Bounding (MIB). MIB can bound the maximum
imbalance in some feature of the empirical distributions.
When analyzing the impact of solar energy systems on home values,
there are some confounding factors that can be related to both the installation of solar energy systems and home values. The factors that
are often omitted in existing studies due to lack of sufﬁcient data are
home energy attributes such as the existence of ceiling fans, multizone temperature control, energy audit, fresh air mechanical ventilation, load controller, and home energy certiﬁcates such as Energy Star
homes. In this study we are able to obtain such information. Due to
the small sample sizes of homes with multi-zone temperature control,
energy audit, fresh air mechanical ventilation, load controller, and
home energy certiﬁcates such as Energy Star homes, we only analyze
homes with the energy feature of ceiling fans. By doing this, we can
get rid of the confounding impact of other home energy features on
home values.3
Matching results' balancing statistics are also checked to ensure
balancing of groups, which means that the treatment group and control
group are indeed comparable on all attributes except for the treatment
status. Two important balancing statistics used to test for sample equivalence are: standardized mean difference (SMD), which compares the
sample means, and variance ratios (VRs), which compares the sample
distributions and higher-order sample moments (Linden and Samuels,
2013). SMD for a given attribute Xj is deﬁned as.


X jT −X jC 
ﬃ
smd j ¼ sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2  2 ;
SjT þ SjC
2
where the numerator is the absolute difference in average Xj between
the treatment and control groups (subscripts T and C, respectively);
the denominator is the average standard deviation of the two groups.
The greater the SMD reading, the more unbalanced the two groups
are. Although the cut-off threshold varies from study to study,
Normand et al. (2001) suggests a threshold of 0.1 and Rubin (2001) suggests 0.25.
VR for a given attribute Xj is deﬁned as

VR j ¼ 

SjT

SjC

2
2 ;

where SjT is the standard deviation of Xj in the treatment group and SjC is
the standard deviation of Xj in the control group. Here, the farther the VR
reading deviates from 1, the more unbalanced the two groups are. Rubin
suggests thresholds of 0.5 and 2.

Addresses of the houses for sale are obtained from a local real estate
agent's website (http://www.dianecain.com/) and the randomly selected date is Feb 27th, 2014. This real estate website lists all residential
properties for sale on a given day in Phoenix metropolitan area. The
website also provides very detailed information of properties including
key energy features such as solar installation, energy certiﬁcation, and
HVAC systems for all properties listed. Property description includes
(but is not limited to) basic features such area, number of bedrooms,
number of bathrooms, as well as the existence of any special energy features. Price data contains sales price (measured by the asked price of the
seller), estimated market value of the house, as well as any historical
transaction prices4 if the property has been transacted before. Hence,
besides the historical transaction prices, the data set contains no time
dimension. Fig. 1 shows the locations of these single family houses,
which contains 26,335 properties.
The lack of a time-dimension is not as undesirable as it might ﬁrst
appear for the investigation at hand. In fact, given that the main hypothesis pertains to the impact on property value by solar panels, and that
property values are also impacted by macroeconomic variables (in addition to property-speciﬁc features) which ﬂuctuate over time, focusing
on one particular moment in time removes the ﬂuctuations of these systematic inﬂuencers. Consequently, the empirical veriﬁcation does not
need to control for a time dimension and would be more focused on
the impact of the property-speciﬁc features (in this case solar panels)
on house value. In addition, the lack of a time dimension avoids the potential criticism that any estimated impacts of solar panels on house
value obtained from previous studies that do include a timedimension might be confounding the impact of uncontrolled variables
that are not property-speciﬁc (such as macroeconomic conditions).
On the other hand, the lack of a time dimension prevents tests on the
time-variance of the impact by solar panels. Indeed, with the existing
data set one cannot verify whether solar PV's impact on house value
varies over time, and if it does, what factors might drive such variations.
Hence, results obtained using existing data should not be generalized
without caution and are vulnerable to time-robustness concerns. The
main barrier that prevents us from adding a time dimension to the
dataset is the absence of solar PV installation dates. Hence, despite the
fact that historical transaction prices (if exist) are contained in public records, it is not yet feasible to determine the initiation dates beyond
which solar panels should have an impact on property value. That
said, given that the data collection date falls in the ﬁrst calendar quarter
of 2014, it is relatively safe to assume that if the property in question has
a previous transaction in 2014, and that it contains solar panels, then
those solar panels were installed before the previous transaction. However, the validity of such assumption becomes more questionable if the
transaction took place prior to 2014.
Out of the properties for sale, those with solar energy systems are
identiﬁed and placed into the treatment group. For each property in
the treatment group, a corresponding control property is identiﬁed
using the matching strategy described in Section 2 after controlling for
other common features (location, number of bedrooms, square footage,
other energy features, etc.) of the property. This generates treatment
and control groups of equal size.5 We have two separate study groups:

3. Data
The data set used is relatively straightforward. As mentioned in introduction, this study focuses on residential properties in Arizona. In
particular, data includes all single family houses listed for sale in the
Phoenix metropolitan area on a randomly selected day in Feb of 2014.

3
We are agnostic on whether ceiling fan installation can impact the investment decision of solar panels for the purpose of either water heating or electricity generation. By
controlling for this variable in our analysis, we only want to make sure that any impact
on home values by solar panels for properties with both solar panels and ceiling fans are
not confounded by the existence of ceiling fans.

4
Historical transaction prices and estimated market values are obtained from Zillow.
com using the property address.
5
The initial sample size was 26,335 properties, out of which 247 properties have solar
panels and 146 have solar water heaters. During the matching process, we dropped those
solar properties which we could not ﬁnd good matching properties within the same zip
code. This left us with 123 solar panel homes and 71 solar water heater homes. Given
the small fraction of properties with solar panels and water heaters, extending the datacollection time range from 1 random day to a month did not increase the number of relevant observations in any meaningful way. And extending the time range too much increases the chance of meaningful changes to macroeconomic conditions that impact the
housing market in general. Hence, we decided to use 1 random day to eliminate any
change to uncontrolled market conditions at the expense of missing only a few relevant
observations.
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Fig. 1. Single family houses listed for sale in the Phoenix metropolitan area on a randomly selected day in Feb 2014 (The right-hand side ﬁgure is a zoom-in image of the left-hand side
ﬁgure).

one group is to study the impact of solar panels on home values; the second group is to study the impact of solar hot water heaters on home
values. We do not look at homes with both solar panels and solar hot
water heaters due to small sample size of such dual solar energy system
homes. Descriptive statistics of the treatment and control groups are
summarized in Table 1 (with Table 1a summarizing the study groups
on solar panels for electricity generation and Table 1b summarizing
those on solar water heaters). For the study of analyzing solar panels,
there are 123 solar homes and 123 control homes; for the study of analyzing solar hot water heaters, there are 71 solar homes and 71 control
homes. Based on the balancing statistics, we are conﬁdent that the treatment and control groups are indeed comparable in terms of the major
home attributes. Figs. 2 and 3 show the locations of the treatment and

control groups for the solar panel and solar hot water heater studies,
respectively.
4. Results
Using the control and treatment groups, we conduct semiparametric and non-parametric statistical tests as well as hedonic regressions to determine whether having solar energy systems (either
for electricity generation or speciﬁcally for water heating) have positive
impacts on the estimated house value and transaction price.
Table 2 lists the statistical test results, including both t-test and
d
Wilcoxon rank-sum test for whether the treatment effects α
TT are statistically signiﬁcantly different from zero. Here αTT = Tpost-Cpost where

Table 1a
Summary statistics and balancing checks for solar panel treatment and control groups.
Treatment group: Has solar panel installed

Balancing
check results

Control group: No solar panel

Variable

# Obs

Mean

Std. Dev.

Min

Max

SMD

VR

Variable

# Obs

Mean

Std. Dev.

Min

Max

# of bedrooms
# of bathrooms
Sqft2
Lot sqft2
Pool
Year built
View

123
123
123
123
123
123
123

3.20
2.43
2401.45
16,456.17
0.28
2000.06
0.33

1.14
0.82
996.17
43,522.05
0.45
11.41
0.47

2
1.75
1245
4399
0
1953
0

8
7.5
7126
419,568
1
2013
1

0.007
0.008
0.074
0.078
0.000
0.072
0.000

1.210
1.220
1.158
2.270
1.000
0.997
1.000

# of bedrooms
# of bathrooms
Sqft2
Lot sqft2
Pool
Year built
View

123
123
123
123
123
123
123

3.21
2.44
2330.31
13,570.12
0.28
1999.24
0.33

1.03
0.75
925.83
28,887.94
0.45
11.43
0.47

2
1.75
1130
2849
0
1953
0

6
6
7340
245,155
1
2013
1

Deﬁnitions of variables: # of bedrooms – number of bedrooms, # of bathrooms – number of bathrooms, Sqft2 – square footage of the house, Lot sqft2 – square footage of the lot, Pool –
indicator variable of whether a house has a pool, Year built – the year the house was built, View – indicator variable of whether a house has good views such as mountain views, city light
views, park views, lake views, or golf course views.

332

Y. Qiu et al. / Energy Economics 66 (2017) 328–336

Table 1b
Summary statistics and balancing checks for solar hot water treatment and control groups.
Treatment group: Has solar hot water installed

Balancing
check results

Control group: No solar hot water

Variable

# Obs

Mean

Std. Dev.

Min

Max

SMD

VR

Variable

# Obs

Mean

Std. Dev.

Min

Max

# of bedrooms
# of bathrooms
Sqft2
Lot sqft2
Pool
Year built
View

71
71
71
71
71
71
71

3.23
2.31
2255.39
22,580.90
0.41
1987.41
0.27

0.83
0.51
713.58
58,565.21
0.50
15.78
0.45

2
1.75
802
4792
0
1950
0

5
3.5
4605
435,600
1
2013
1

0.034
0.038
0.031
0.053
0.028
0.067
0.182

1.020
0.760
1.251
1.357
0.990
0.884
0.859

# of bedrooms
# of bathrooms
Sqft2
Lot sqft2
Pool
Year built
View

71
71
71
71
71
71
71

3.25
2.33
2234.69
19,691.28
0.42
1988.49
0.35

0.82
0.59
638.06
50,276.73
0.50
16.79
0.48

2
1.75
1370
4950
0
1939
0

5
4.5
4619
413,384
1
2014
1

Deﬁnitions of variables: # of bedrooms – number of bedrooms, # of bathrooms – number of bathrooms, Sqft2 – square footage of the house, Lot sqft2 – square footage of the lot, Pool –
indicator variable of whether a house has a pool, Year built – the year the house was built, View – indicator variable of whether a house has good views such as mountain views, city light
views, park views, lake views, or golf course views.

Tpost is the property value of solar homes and Cpost is the property value
of non-solar homes. The samples analyzing transaction prices are much
smaller than the samples analyzing home values because as discussed in
Section 3, we only analyze the transaction prices in 2014 due to the lack
of information on the installation dates of solar energy systems. The results show that solar panels have statistically signiﬁcant positive impacts on both estimated market values and transaction prices while
solar hot water heaters do not have statistically signiﬁcant impact on either home values or transaction prices.
To control for more factors related to home values, following hedonic regressions are used:
V i ¼ α þ β Solari þ ∑k λk X ki þ τ i
where
i indicates individual house; Solar is a dummy variable which equals one
if a house has installed a solar energy system; Xki is the kth home

attribute such as number of bedrooms, square footage and so on; τi is
the independent and identically distributed error term with mean
zero. Tables 3 and 4 present the hedonic regression results with
Table 3 depicting the results for electricity-generating solar panels and
Table 4 for water-heating solar panels. The standard errors are clustered
at the zip code level in order to control for any zip-code level shocks on
property values.
Solar panels for electricity generation indeed have signiﬁcantly positive impacts on both the estimated value of the home and on realized
sale price. Regression results show that having solar panels for electricity generation increases the house value by over $45,000. At the mean
house value of $294,307.3 based on the control homes, this increase
amounts to 15% increase in estimated market values. Of course, how
much of such value is transferred and reﬂected in transaction prices is
also a function of market conditions. Although a signiﬁcantly positive
impact is also present when examining transaction price (approximately $28,000 or 17% increase based on the mean transaction price of

Fig. 2. Matched control and treatment groups for studying solar panel's impact (The right-hand side ﬁgure is a zoom-in image of the left-hand side ﬁgure).
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Fig. 3. Matched control and treatment groups for studying solar hot water's impact (The right-hand side ﬁgure is a zoom-in image of the left-hand side ﬁgure).

$163,491 of control homes), the results of realized sales price should be
read with extra caution given the small number of observations available and are reported for completeness. It is possible that using the estimated market value can inﬂate the renewable energy feature,
compared to using transaction price, because the negotiation in the
transaction process can reduce sales price. As a result, buyers do not appreciate the value of solar technologies as much as the market expects.
The impacts of solar water heaters are insigniﬁcant. The types of energy saved from the adoption of solar panel versus solar water heater
could be different. Solar panel generates electricity while solar water
heater is used for heating water used in the household. Consequently,
solar panels save electricity directly regardless of the source of electricity usage, while a solar water heater focuses on energy used for water
heating by saving either natural gas or electricity, depending on the status quo technology used for heating water in a given house. In the Phoenix metropolitan area, both electric water heater and natural gas water

heater are commonly used by households. Gas water heaters have
lower operating cost due to cheaper natural gas price than electricity
price. If the status quo energy source for water heating in a house is
gas, then the energy cost savings would be lower compared to a house
that uses electricity for water heating. Hence, investment in solar
water heater tends to be less attractive for houses that use gas for
water heating. In addition, solar water heater also needs rooftop
space, making it a competitor for solar panels. If a solar water heater
only saves natural gas, then it might make more sense to use the limited
rooftop space for solar panels, because solar panels are more likely to
offer higher savings, thus increasing the marginal returns of roof top
space. Because both types of water heating technologies (gas versus
electric) are equally common, we do not observe signiﬁcant impact of
solar hot water heaters on property values.
The second difference between solar panels and solar water heaters
is that solar panels have the ability to generate excessive electricity that

Table 2
Semi-parametric results and statistical tests.
Solar panel
Sample for analysis of estimated market values
N = 123*2
d
α
TT = 57,920.81

d
P-value for testing α
TT = 0
t-test: p = 0.0431
Wilcoxon rank-sum test
P = 0.0349

Sample for analysis of transaction price
N = 11*2
d
α
TT = 55,884.45

d
P-value for testing α
TT = 0
t-test:
Wilcoxon rank-sum test
p = 0.0138
P = 0.0940

Solar hot water heater
Sample for analysis of estimated market values
N = 71*2

Sample for analysis of transaction price
N = 8*2

d
α
TT = −6207.296

d
α
TT = −22,133.38

d
P-value for testing α
TT = 0
t-test: p = 0.5936
Wilcoxon rank-sum test
P = 0.9919

d
P-value for testing α
TT = 0
t-test: p = 0.3787
Wilcoxon rank-sum test
P = 0.7525
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Table 3
Hedonic regression results for solar panel treatment and control groups.
Dependent
variable

Solar panel
# of bedrooms
# of
bathrooms
Sqft2
Lot sqft2
Pool
Year built
View
Constant
N
R-squared

Estimated value

Last sold price

Coefﬁcient

Clustered
standard
error

Coefﬁcient

Clustered
standard
error

45,511.390⁎⁎
−
69,723.271⁎⁎⁎
116,399.489⁎⁎⁎

19,561.037
13,512.965

28,005.613⁎
−20,626.541

13,526.362
17,946.682

34,332.171

−65,231.011

37,430.293

40.539
0.463
22,518.564
947.577
19,178.654
1,863,766.407

89.686⁎⁎
31.689
−0.634
0.640
−22,262.991
31,834.420
608.371
455.707
24,827.986
20,340.264
−
913,408.530
1.013,627.175
22
0.5782
Std. Err. adjusted for
9 clusters in zip code

149.635⁎⁎⁎
1.078⁎⁎
27,310.424
−1466.522
38,842.388⁎⁎
2,782,190.892

246
0.6974
Std. Err. adjusted for
61 clusters in zip code

Deﬁnitions of variables: Solar panel – whether a house has solar panels installed, # of bedrooms – number of bedrooms, # of bathrooms – number of bathrooms, Sqft2 – square
footage of the house, Lot sqft2 – square footage of the lot, Pool – indicator variable of
whether a house has a pool, Year built – the year the house was built, View – indicator variable of whether a house has good views such as mountain views, city light views, park
views, lake views, or golf course views.
⁎ p b 0.1.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.

can be fed back to the grid through net metering programs. During the
study period, the two major electric utilities in Phoenix metropolitan
area – Arizona Public Service Electric Company (APS) and Salt River Project (SRP) both had effective net metering programs. For solar panels,
the beneﬁt for consumers is not just offsetting the electricity usage of
the household, but also gaining extra electricity usage credit from the
electric utilities if the solar panel generates more electricity than the
household consumes at any given time. For solar water heaters however, this second beneﬁt is absent, which could be another reason why
solar water heater does not have signiﬁcant impact on property values.

Water heating is only one out of many energy consuming activities,
and by restricting the usage of solar energy to only one activity greatly
limits the marginal utility of the solar energy system when compared
to electricity-generating solar panels. Consequently, buyers attach less
value to such equipment. In addition, assuming there are only a ﬁxed
amount of space for which solar technologies can be installed on any
given property, having solar water heater only also makes installing
electricity-generating solar panels more costly and possibly unfeasible.
Consequently, although the regression results do not reﬂect any significance, it is conceivable that solar water-heaters are actually undesirable
and hence have negative impact on property value.
One might hypothesize that if a house has more bathrooms and/or a
pool, the demand for water heating would be higher, making solar
water heater a more attractive investment. As a result, houses with
more bathrooms or a pool would increase the marginal value of solar
water heater. To test this hypothesis, we add two interaction terms,
one between number of bathrooms and solar water heater, and one between the pool variable and solar water heater. The results are listed in
Table 4. The results suggest that if a house has more bathrooms, it does
increase the marginal value of solar water heater, based on historical
transaction price. However, for a house with a pool, it does not increase
the marginal value of such investment. In fact, based on estimated market value, having a pool reduces the marginal value of solar water heater. First, most pools in the Phoenix metropolitan area are non-heated. In
a normal year, non-heated pools can be enjoyed for about 10 months
out of the year, thus lowering the marginal return of adding the heated
feature. This should explain why having a pool does not increase the
marginal value of a solar water heater. Second, as to why the empirical
result actually shows a negative impact, we offer the following economic rational. Heated and non-heated water are substitutes to an extent,
especially in an area known for its high temperature. When usage of
non-heated water goes up (which it does when the house has a nonheated pool), it lowers the fraction of heated water usage for the household, and hence also increases the opportunity costs of the solar-heater.
A non-heated pool should not increase a household's demand for heated water, but it does increase the demand for electricity. This is because
many standard pool-features (self-cleaning robot, automatic water ﬁltering and reﬁling) run on electricity. A solar water heater cannot mitigate this increase in demand. Hence, its marginal value to the house
value should be lower even though the absolute demand for heated-

Table 4
Hedonic regression results for solar hot water treatment and control groups.
Dependent variable

Solar hot water
Solar hot water * Pool
Solar hot water * # of bathrooms
# of bedrooms
# of bathrooms
Sqft2
Lot sqft2
Pool
Year built
View
Constant
N
R-squared

Estimated value

Last sold price

Coefﬁcient

Clustered
standard error

Coefﬁcient

Clustered
standard error

Coefﬁcient

Clustered
standard error

Coefﬁcient

Clustered
standard error

−4841.791

8133.668

15,105.409

14,716.715
25,950.807
17.290
0.209
17,542.703
621.922
18,127.009
1,236,064.280

49,642.254
18,193.803
21,502.855
14,897.209
25,798.770
16.725
0.174
21,934.114
634.445
17,243.614
1,253,477.268

−28,041.556

−31,591.655⁎⁎
67,603.218⁎⁎
144.640⁎⁎⁎

82,066.281
−55,622.293⁎⁎⁎
−27,417.194
−30,199.604⁎⁎
80,853.178⁎⁎⁎
143.141⁎⁎⁎

−605,811.268⁎⁎
−54,803.702
268,194.042⁎⁎
107,796.005⁎⁎⁎
−230,414.006⁎⁎

174,101.608
98,399.573
78,089.101
29,062.021
82,644.522
59.859
0.281
59,321.175
2891.490
89,767.014
5,782,875.895

0.228
46,034.244⁎⁎
−692.651
54,222.384⁎⁎⁎
1,248,215.748
142
0.7702
Std. Err. adjusted for
48 clusters in zipcode

0.237
74,559.492⁎⁎⁎
−714.890
54,956.646⁎⁎⁎
1,247,831.189
142
0.7815

79,227.092
42,577.726
17,493.703
19,492.608
68.788
41.402
0.024
0.130
32,601.406
41,630.223
−5798.353
4617.064
51,718.921
84,176.372
11,339,680.798 9,175,053.278
16
0.9001
Std. Err. adjusted for
7 clusters in zipcode

92.880
−0.120
−7980.972
−6398.166⁎
111,737.842
12,921,387.077*
16
0.9647

Deﬁnitions of variables: Solar hot water – whether a house has a solar water heater installed, # of bedrooms – number of bedrooms, # of bathrooms – number of bathrooms, Sqft2 – square
footage of the house, Lot sqft2 – square footage of the lot, Pool – indicator variable of whether a house has a pool, Year built – the year the house was built, View – indicator variable of
whether a house has good views such as mountain views, city light views, park views, lake views, or golf course views.
⁎ p b 0.1.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.

Y. Qiu et al. / Energy Economics 66 (2017) 328–336

water remains unchanged, because the relative demand for heatedwater has decreased.
The fact that the impact on estimated value of a property by the
number of bedrooms is signiﬁcantly negative upon controlling for
square footage is consistent with other studies. Although counter intuitive at ﬁrst glance in light of the fact that having more bedrooms means
more living space, but given a ﬁxed amount of living space (captured by
square footage), having more bedrooms means that the average size of
each bedroom is smaller and hence less desirable. Number of bathrooms, square footage, lot size and having a desirable view have statistically signiﬁcant positive impacts on property values.
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adoption by home owners given a ﬁxed amount of subsidization. Finally, additional investigation on the premium enjoyed by properties with
solar panels are needed and are reserved for future research as more
data become available.
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5. Discussions and conclusions
Fully acknowledging the lack of time dimensionality of the analysis,
the restriction of location, and the limitation of a relatively small sample,
the results provide empirical evidence that the beneﬁts of having solar
panels are indeed being recognized by market participants in Arizona,
an important state for solar energy development given its abundant
solar resources and its recent regulatory debate on increasing ﬁxed
charges for solar homes. Findings are consistent with the notion that
properties with electricity-generating solar panels do enjoy a premium
in terms of property value relative to their non-solar counterparts. Less
conclusive evidence is also present that such a premium is also present
in transaction prices.
This ﬁnding functions as a conﬁrmation that installing solar panels
can indeed be viewed as an investment that increases property value.
The estimated premium enjoyed by properties with electricitygenerating solar panels is approximately $45,000, and at a medium
home value of control groups in the sample, this represents a premium
of 15%. The transaction sales price premium found in this paper is
$28,000 or 17% increase at medium sales price. Given that on average
the installation of rooftop solar panels costs about $23,000 in 2013
and it is projected that the cost will continue to fall (USC, 2014), the
ﬁndings indicate that installing electricity generating solar panels is a
cash-ﬂow positive investment with a non-trivial return.
Compared to the few existing studies outside Arizona (mostly California) which ﬁnd sales price premium of $15,000 ~ $23,000 of solar
PV homes, the $28,000 transaction sales price premium found in this
paper is close but on the higher end. One explanation is that Arizona
has cheaper land and housing prices, and thus residents can afford larger houses with larger rooftops to install larger size PV systems. Regarding percentage premium, the 17% premium found in this study is higher
than existing studies, which again could be due to the lower base housing prices in Arizona. The much higher percentage premium of solar
homes in Arizona also imply that investment in solar PV systems in Arizona can generate better return for investors.
On the other hand, properties with solar water heaters do not appear
to enjoy any positive premium. The lack of premium empirically can be
a result of the limited sample size and/or from the notion that having
solar energy systems that restricts the energy usage is less desirable to
market participants because these solar water heaters reduce the option
value of installing electricity-generating solar panels by increasing the
cost of installation (e.g., lack of space, removal cost). Consequently,
the implication for property owners and developers is that solar water
heaters do not enjoy a noticeable premium and hence are likely a less
attractive investment option.
For policy makers trying to encourage the usage of renewable energy
(especially solar energy) by residential properties, this suggests that
providing subsidies to electricity-generating solar panels (thus lowering
the upfront investment cost faced by the property decision makers) is
likely to generate a higher welfare and monetary surplus than subsidizing solar water heaters. From a policy maker's perspective and assuming
that the environmental beneﬁt of solar panels and solar water heaters
are comparable on a per kWh basis, it is more cost effective and hence
more rational to subsidize the option that has a higher probability of

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.eneco.2017.07.001.
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Electricity Prices & PV Costs
Electricity Rate
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Payback Period and IRR (2014)
3-Person Household with $75,000 Income, $2011
Oahu

Maui

Assumed System Cost per Watt
Assumed Electric Rate

34 ¢/kWh

Estimated Monthly Electric Bill

$178

Hawaii

$3.8/W
36 ¢/kWh
40 ¢/kWh
$191

Kauai
41 ¢/kWh

$210

$215

Payback Period (in years) Using a 5% Discount Rate
State Tax Credit

3.7

3.4

3.1

3

No State Tax Credit

6.8

6.3

5.6

5.5

Internal Rate of Return Over 25 Years

1!

State Tax Credit

23.3%

24.7%

26.5%

27.0%

No State Tax Credit

14.9%

15.9%

17.2%

17.6%

!

Source: Coffman et al. (2016). A Policy Analysis of Hawai‘i’s Solar Tax Credit Incentive. Renewable Energy, 85, 1036-1043.
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Literature
• Hedonic Method
• Energy Efficiency Improvements and Indicators
• Solar PV Price Premium
• Hoen et al. (2011, 2013a)
• $5.5/watt
• New Homes: $2.3 – 2.6/watt; Existing Homes: $6 - 7.7/watt
• Dastrup et al. (2012)
• 3-4% premium, larger in environmentalist communities
• Hoen et al. (2013b), Desmarias (2013)
• Income and cost valuation methods
• Hoen et al. (2015)
• CA + CT, FL, MA, MY, NC, NY, PA, 2002-2013.
• $4/watt ($15,000 for 3.6 kW system)
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System Size (Permit Value)
!

ln !!"# = !! + !! ln !"#$%&'( + !! + !! +

!! !!"# + !!"#
!!!

(3a)
!

ln !!"# = !! + !! ln !"#$%&'( + !!" +

!! !!"# + !!"#
!!!

(3b)
!

ln !!" = ! ! ! + !! !"(!!"#$!"#) + !! +

!! !!"# + !!"
!!!

(4a)
!

ln !!" = ! ! ! + !! !"(!"#$%&'() + !!" +

!! !!"# + !!"
!!!

(4b)
where
!"#$%&'( denotes the value of the building permit(s) issued up until the time of home sale;
and !! is the percentage change in sales price from a one percent increase in permit value
(partial elasticity).
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MLS Oahu SF Sales Records, 2000-2013
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Source: Honolulu Board of Realtors, 2014.
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Oʻahu PV Permits, 2004-2013
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Source: Department of Planning and Permitting (DPP), 2013.

355
2008

928

2,172

2009

2010

2011

Average Permit Value (2013$)

2012

2013

Motivation

Literature

Methods

Data

Results/Discussion

Conclusion

PV & Non-PV Home Sales and Transactions
Sold Year
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
Total

Non-PV Home Sales
2,845
3,340
3,596
4,315
4,279
4,433
3,838
3,560
2,538
2,611
2,940
2,876
3,025
3,095
47,291

PV Home Sales
5
10
10
11
12
16
13
19
12
20
28
17
62
170
405

Non-PV Transactions
2,850
3,350
3,606
4,326
4,291
4,449
3,850
3,579
2,550
2,629
2,956
2,879
3,027
3,095
47,437

PV Transactions
0
0
0
0
0
0
1
0
0
2
12
14
60
170
259

Repeated Sales of PV and Non-PV Homes
Sold Once
Sold Twice
Sold 3x
Sold 4x
Sold 5x
Sold 6x
Total

Non-PV Home
27,587
6,956
1,577
220
29
6
36,375

PV Home
141
91
26
1
0
0
259

Total Homes
27,728
7,047
1,603
221
29
6
36,634

Sales Transactions
27,728
14,094
4,809
884
145
36
47,696

Total
2,850
3,350
3,606
4,326
4,291
4,449
3,851
3,579
2,550
2,631
2,968
2,893
3,087
3,265
47,696
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Summary Statistics
PV Transaction
(n = 259 )

Non- PV Transaction
(n = 47,437)

Variable

Description

Mean

SD

Min

Median

Max

Mean

SD

Min

Median

Max

soldpr

sale price (not adjusted for inflation)

$913,385

$512,567

$175,500

$730,000

$3,000,000

$628,850

$440,438

$133,716

$530,000

$3,000,000

adjsoldpr

adjusted sold price in 2013 dollars

$924,284

$518,366

$178,631

$740,000

$3,053,513

$753,675

$516,338

$133,716

$630,000

$4,320,885

lnsoldpr

natural log of adjsoldpr

14

0.46

12

14

15

13

0.53

12

13

15

year built

year the home was built

1986

22

1926

1989

2013

1976

21

1884

1975

2013

age

age of home (year 2013 as baseline)

27

22

0

24

87

37

21

0

38

129

age2
living sqft

age of home squared (1,000s)
size of living area (1,000s)

1.2

1.6

0

0.58

7.6

1.8

1.7

0

1.4

17

2.1

0.79

0.63

1.9

6.2

1.8

0.88

0.4

1.6

22

total sqft

total square feet (10,000s)

0.24

0.10

0.06

0.21

0.85

0.21

0.11

0.04

0.18

2.2

land sqft

size of parcel (10,000s)

0.86

1.9

0.20

0.60

28

0.83

1.7

0.06

0.60

48

bedrooms

no. of bedrooms

3.8

1

2

4

9

3.7

1.3

1

3

42

full baths

no. of full bathrooms

2.6

0.83

1

3

6

2.2

0.90

1

2

9

half baths

no. of half bathrooms

2.4

0.50

2

2

4

2.4

0.50

1

2

7

pool

pool feature dummy

0.21

0.41

0

0

1

0.12

0.32

0

0

1

mountain

mountain view dummy

0.60

0.49

0

1

1

0.50

0.50

0

0

1

ocean

ocean view dummy
age (months) of PV system at the
time of sale
permit value at time of sale (proxy
for PV system size)
adjusted permit value at time of sale
in 2013 dollars

0.30

0.46

0

0

1

0.24

0.43

0

0

1

20

14

1

17

73

-

-

-

-

-

$32,751

$20,069

$7,378

$28,900

$120,000

-

-

-

-

-

$33,047

$20,147

$7,510

$29,476

$130,000

-

-

-

-

-

10

0.59

8.9

10

12

-

-

-

-

-

pvage
permvals
adjpermvals
lnpermvals

natural log of adjpermval
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Pooled OLS Estimates of Log Sales Price on PV
(4)
0.061***
[0.012]
bedrooms
-0.041***
[0.003]
full baths
0.069***
[0.005]
half baths
0.026***
[0.003]
living sqft
0.141***
[0.011]
total sqft
0.721***
[0.067]
land sqft
0.020***
0.017***
[0.002]
[0.002]
age
-0.005***
-0.006***
[0.000]
[0.000]
age2
0.040***
0.053***
[0.003]
[0.003]
pool
0.180***
[0.005]
mountain
0.017***
[0.002]
ocean
0.113***
[0.004]
Constant
13.379***
13.016***
12.594***
12.571***
[0.002]
[0.021]
[0.020]
[0.018]
Transformed PV
27.3%
20.4%
8.1%
6.3%
Time Dummy
No
Yes
Yes
Yes
Zip Dummy
No
Yes
Yes
Yes
Zip-Time Dummy
No
No
No
No
Observations
47,696
47,696
47,696
47,696
Sales with PV
259
259
259
259
AIC
74,213
36,114
1,222
-3,570
BIC
74,230
36,851
2,020
-2,737
Adj R-squared
0.00
0.55
0.78
0.81
*, **, and *** indicate statistical significance at the 10%, 5%, and 1% level respectively.
Robust standard errors in brackets.
PV

(1)
0.242***
[0.029]

(2)
0.186***
[0.019]

(3)
0.078***
[0.012]
-0.059***
[0.004]
0.086***
[0.006]
0.032***
[0.004]
0.257***
[0.008]

(5)
0.064***
[0.012]
-0.041***
[0.003]
0.067***
[0.005]
0.025***
[0.003]
0.147***
[0.011]
0.689***
[0.067]
0.016***
[0.001]
-0.006***
[0.000]
0.053***
[0.003]
0.181***
[0.005]
0.014***
[0.002]
0.110***
[0.004]
12.633***
[0.037]
6.6%
No
No
Yes
47,696
259
-4,705
8,155
0.81

6.6%
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Home Fixed Effects Estimates of Log Sales Price on PV
(1)
0.123***
[0.019]

(2)
0.078***
[0.017]

(3)
0.064***
[0.012]
0.008*
[0.005]
0.082***
[0.007]
0.002
[0.009]
0.101***
[0.012]

(4)
PV
0.062***
[0.012]
bedrooms
0.009*
[0.005]
full baths
0.077***
[0.007]
half baths
-0.001
[0.009]
living sqft
0.060***
[0.013]
total sqft
0.406***
[0.061]
age
-0.005***
-0.004***
[0.001]
[0.001]
age2
0.026**
0.022*
[0.013]
[0.013]
pool
0.030***
[0.008]
Constant
13.379***
13.029***
12.816***
12.798***
[0.000]
[0.071]
[0.098]
[0.100]
Transformed PV
13.1%
8.1%
6.6%
6.4%
Time Dummy
No
Yes
Yes
Yes
Zip Dummy
No
No
No
No
Zip-Time Dummy
No
No
No
No
Home Fixed Effects
Yes
Yes
Yes
Yes
Observations
47,696
47,696
47,696
47,696
Number of addID
36,634
36,634
36,634
36,634
Sales with PV
118
118
118
118
AIC
-64,405
-120,626
-134,280
-134,800
BIC
-64,396
-120,038
-133,640
-134,142
Adj R-squared
0.00
0.69
0.77
0.77
*, **, and *** indicate statistical significance at the 10%, 5%, and 1% level respectively.
Robust standard errors in brackets.

(5)
0.053***
[0.012]
0.007
[0.005]
0.073***
[0.007]
0
[0.008]
0.067***
[0.013]
0.331***
[0.055]
-0.005***
[0.001]
0.031**
[0.013]
0.024***
[0.008]
12.858***
[0.126]
5.4%
No
No
Yes
Yes
47,696
36,634
118
-147,702
-137,675
0.83

5.4%
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Sensitivity to Home Prices
20%

Statistically
significant at 1%
level

$200,000

15%

$150,000

10%

$100,000

5%

$50,000

0%

$0
Quartile 1

Quartile 2

Pooled OLS PV Premium ($)*
Pooled OLS PV (%)

Quartile 3

Quartile 4

Home Fixed Effects PV Premium ($)*
Home Fixed Effects PV (%)
*Relative to the average non-PV home value in each quartile.
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Interpretation of PV Premium
Median permit value: $30,000
NPV of Electricity Savings
• $14,000 over 9 years (average duration of residence)
• $30,000 over 30 years (typical home mortgage)
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Conclusions
•

This study empirically validates that the housing
market values PV.

•

On average, a PV home sold for 5.4% more than a
comparable non-PV home.

•

This translates to an increase of $34,000 in the
sales price of the median non-PV home.

•

The expectation of circuit saturation and the inability
to install PV may well be the prime reason for the
above full return on investment.

Mahalo
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Pooled OLS Estimates of Log Sales Price on Log Permit Value
(4)
0.006***
[0.001]
bedrooms
-0.041***
[0.003]
full baths
0.069***
[0.005]
half baths
0.026***
[0.003]
living sqft
0.141***
[0.011]
total sqft
0.072***
[0.007]
land sqft
0.002***
0.002***
[0.000]
[0.000]
age
-0.005***
-0.006***
[0.000]
[0.000]
age2
0.000***
0.000***
[0.000]
[0.000]
pool
0.180***
[0.005]
mountain
0.017***
[0.002]
ocean
0.113***
[0.004]
Constant
13.379***
13.016***
12.594***
12.571***
[0.002]
[0.021]
[0.020]
[0.018]
Time Dummy
No
Yes
Yes
Yes
Zip Dummy
No
Yes
Yes
Yes
Zip-Time Dummy
No
No
No
No
Observations
47,696
47,696
47,696
47,696
Sales with PV
259
259
259
259
AIC
74,210
36,112
1,222
-3,570
BIC
74,228
36,849
2,020
-2,737
Adj R-squared
0.00
0.55
0.78
0.81
*, **, and *** indicate statistical significance at the 10%, 5%, and 1% level respectively.
Robust standard errors in brackets.
lnpermvals

(1)
0.024***
[0.003]

(2)
0.018***
[0.002]

(3)
0.008***
[0.001]
-0.059***
[0.004]
0.086***
[0.006]
0.032***
[0.004]
0.257***
[0.008]

(5)
0.006***
[0.001]
-0.041***
[0.003]
0.067***
[0.005]
0.025***
[0.003]
0.147***
[0.011]
0.069***
[0.007]
0.002***
[0.000]
-0.006***
[0.000]
0.000***
[0.000]
0.181***
[0.005]
0.014***
[0.002]
0.110***
[0.004]
12.633***
[0.037]
No
No
Yes
47,696
259
-4,705
8,155
0.81

0.006%
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Home Fixed Effects Estimates of Log Sales Price on Log Permit Value
lnpermvals

(1)

(2)

(3)

(4)

(5)

0.012***
[0.002]

0.008***
[0.002]

0.006***
[0.001]
0.008*
[0.005]
0.082***
[0.007]
0.002
[0.009]
0.101***
[0.012]

0.006***
[0.001]
0.009*
[0.005]
0.077***
[0.007]
-0.001
[0.009]
0.059***
[0.013]
0.406***
[0.061]
-0.004***
[0.001]
0.022*
[0.013]
0.029***
[0.009]
12.696***
[0.043]

0.005***
[0.001]
0.007
[0.005]
0.073***
[0.007]
0.000
[0.008]
0.067***
[0.013]
0.331***
[0.055]
-0.005***
[0.001]
0.031**
[0.013]
0.024***
[0.008]
12.846***
[0.126]

bedrooms
full baths
half baths
living sqft
total sqft

-0.005***
[0.001]
0.026**
[0.013]

age
age2
pool
Constant

13.379***
[0.000]

12.956***
[0.014]

12.712***
[0.043]

Time Dummy
No
Yes
Yes
Yes
Zip Dummy
No
No
No
No
Zip-Time Dummy
No
No
No
No
Home Fixed Effects
Yes
Yes
Yes
Yes
Observations
47,696
47,696
47,696
47,696
Number of homes
36,634
36,634
36,634
36,634
Sales with PV
259
259
259
259
AIC
-64,404
-120,563
-134,193
-134,709
BIC
-64,396
-120,072
-133,649
-134,147
0.00
0.69
0.77
0.77
Adj R-squared
*, **, and *** indicate statistical significance at the 10%, 5%, and 1% level respectively.
Robust standard errors in brackets.

No
No
Yes
Yes
47,696
36,634
259
-147,702
-137,675

0.83

0.005%

Motivation

Literature

Methods

Data

Results/Discussion

Conclusion

Appendix – Quartile Results
Pooled OLS
PV
bedrooms
full baths
half baths
living sqft
total sqft
land sqft
age
age2
pool
mountain
ocean
Constant

Fixed Effects
Quartile 1

Quartile 2

Quartile 3

Quartile 4

0.080***
[0.018]
-0.018***
[0.004]
0.024***
[0.004]
0.016***
[0.003]
0.155***
[0.009]
0.541***
[0.065]
0.007***
[0.001]
-0.007***
[0.000]
0.039***
[0.004]
0.050***
[0.007]
0.023***
[0.003]
0.048***
[0.004]
12.759***
[0.038]

0.012*
[0.007]
-0.004***
[0.001]
0.001
[0.002]
0.002
[0.001]
0.029***
[0.003]
0.064***
[0.024]
0.002*
[0.001]
-0.001***
[0.000]
0.009***
[0.002]
0.013***
[0.003]
0.002
[0.001]
0.006***
[0.002]
13.363***
[0.008]

0.019**
[0.010]
-0.009***
[0.001]
0.006***
[0.002]
-0.005**
[0.002]
0.043***
[0.004]
0.150***
[0.025]
0.005***
[0.001]
-0.001***
[0.000]
0.010***
[0.002]
0.026***
[0.003]
0.000
[0.002]
0.013***
[0.002]
13.542***
[0.028]

0.014
[0.033]
-0.052***
[0.004]
0.057***
[0.005]
0.041***
[0.007]
0.085***
[0.010]
0.319***
[0.066]
0.010***
[0.002]
-0.005***
[0.001]
0.069***
[0.007]
0.169***
[0.007]
-0.020***
[0.007]
0.119***
[0.008]
13.261***
[0.027]

Transformed PV
8.3%
1.2%
1.9%
1.4%
Time Dummy
No
No
No
No
Zip Dummy
No
No
No
No
Zip-Time Dummy
Yes
Yes
Yes
Yes
Observations
22,704
7,896
9,044
8,052
Sales with PV
65
65
64
65
AIC
-17,723
-24,723
-20,780
1,538
BIC
-8,576
-18,642
-14,473
6,343
Adj R-squared
0.70
0.12
0.22
0.51
*, **, and *** indicate statistical significance at the 10%, 5%, and 1% level respectively.
Robust standard errors in brackets.

PV
bedrooms
full baths
half baths
living sqft
total sqft
age
age2
pool
Constant

Quartile 1

Quartile 2

Quartile 3

Quartile 4

0.144***
[0.049]
0.043**
[0.017]
0.106***
[0.026]
0.048*
[0.026]
0.046
[0.049]
0.113
[0.127]
-0.004
[0.007]
-0.002
[0.079]
0.018
[0.021]
12.545***
[0.157]

0.033**
[0.014]
0.000
[0.003]
0.030***
[0.011]
0.013
[0.010]
0.129***
[0.021]
0.246***
[0.067]
-0.005***
[0.002]
0.050***
[0.019]
0.022**
[0.009]
12.908***
[0.080]

0.041*
[0.024]
-0.019
[0.012]
0.024
[0.015]
-0.008
[0.023]
0.048*
[0.025]
0.326***
[0.121]
0.004
[0.004]
-0.066
[0.048]
0.044***
[0.016]
13.479***
[0.104]

0.098*
[0.055]
-0.046***
[0.015]
0.046***
[0.016]
0.024
[0.021]
0.086***
[0.021]
0.126
[0.107]
-0.009***
[0.003]
0.079**
[0.031]
0.046
[0.029]
14.338***
[0.166]

Transformed PV
15.4%
3.3%
4.2%
10.1%
Time Dummy
No
No
No
No
Zip Dummy
No
No
No
No
Zip-Time Dummy
Yes
Yes
Yes
Yes
Home Fixed Effects
Yes
Yes
Yes
Yes
Observations
5,892
8,086
3,398
2,592
Number of homes
3,892
5,462
2,509
1,456
Sales with PV
11
48
29
30
AIC
-16,504
-33,820
-16,093
-5,995
BIC
-14,145
-30,006
-14,542
-4,489
0.83
0.83
0.76
0.684
Adj R-squared
*, **, and *** indicate statistical significance at the 10%, 5%, and 1% level respectively.
Robust standard errors in brackets.
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Intent of this Study

This study has been conducted on behalf of the Colorado Energy Office to provide an analysis of the
impact of solar photovoltaic (solar PV) systems on the home buying process. The study includes the
analysis of 30 homes in the northwest Denver metro area, with homes ranging in sale price from
$200,000 to $680,000. This work has been completed in conformity with the base rules of the Uniform
Standards of Professional Practice (USPAP), with the exception of Standards 1‐10.
The goal of the study is to better understand the impact solar PV has, if any, on the sales transaction
process. All properties used as case studies were sold between January 1, 2011 and May 31, 2013. The
30 case studies each consist of a single‐family residential home that had a PV system installed at the
time of sale. All of the PV systems included in this study are owned, and not leased, by the homeowner.
This report was reviewed by the members of the Colorado Chapter of the Appraisal Institute and by
members of the Colorado Coalition of Appraisers prior to the publication and dissemination to real
estate transaction stakeholders. These reviewers provided both review and comments per terms of a
memorandum of understanding signed in August 2012 with the Colorado Energy Office.
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INTRODUCTION
Single‐family, residential properties can vary greatly in value, style, function and appeal. What is
appealing in one market area may hold no interest in another market area (think: a swimming pool in
rural Minnesota or snowmobiling access in suburban Miami). Likewise, the features that appeal to each
market segment will evolve and change over time. As a result, specific property features hold different
market values1 in different market areas and at different points in time.
Over time, the Denver metro area has experienced changes with regard to the types of elements a
homebuyer desires in a house. One of these changes has been the increase in the desire for residential
homes with photovoltaic (PV) systems.
A PV system is a solar electric system that is designed to convert sunlight into electricity. While that
may sound simple enough, it does not explain how (or even if) a market area places monetary value on
having such a system. Understanding exactly how these PV systems fit into any given market‐place is a
complex puzzle involving, among other things: demand, supply, resources, cost and politics. This could
not be more aptly expressed than by Whitney Painter of Buglet Solar Electric Installation:
“[Photovoltaic systems] are a crossroads of several different sciences: technology, finance, natural
resources depletion and sociology (to name a few), all at the same time.”
Thus, to study the potential value contribution of PV systems is to consider them from many different
angles: how often they are installed, why they are installed, what benefits they offer and what demand
there is for them. Since the answers to these questions will vary from one market area to another, the
only way to begin to understand their value contribution, is to pick a specific market area and conduct a
case study of numerous residential properties in that market area. The results of the study may not be
a definitive conclusion that is applicable to all or any other study areas. It is the task of the analyst to
determine if the “study results” are germane to any other valuation assignment.

Case Study
To study the impact of PV systems on single‐family home values and marketability, 30 single‐family
homes in the northwest Denver metro area were selected to be a part of a case study. These 30 homes
were sold at prices ranging from $200,000 to $680,000, closed between January 1, 2011 and May 31,
2013, and are located in the cities of Broomfield, Westminster, Wheat Ridge, Arvada and Denver. To
conduct the study, public information for each property was researched. This information was then
supplemented with input obtained by interviewing willing participants who were party to each sale.
The 30 selected homes were found by interviewing builders and by reviewing Multiple Listing Service
listings (MLS) listings. All of the PV systems installed on the 30 homes used in this case study are owned,
1

For the definition of Market Value, see Appendix C.
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not leased. Leased systems were specifically not included in the case studies because they are
considered to be personal property. Establishing value for an item that is not part of the real estate
owned would be tenuous at best2.
When deciding which specific homes to include in this case study, a very simple selection process was
used:
First, a study area was picked. Given that the author of this study resides and works in Broomfield,
Colorado, Broomfield was used as a starting point to find homes that qualified. Second, a search was
conducted of the Broomfield MLS systems3 for any homes were sold at prices ranging from $200,000 to
$680,000, closed between January 1, 2011 and May 31, 2013, and had a PV system at the time of sale.
Third, if a located property that met the above criteria, it was determined whether the PV system was
leased or owned. Any property with a leased PV system was removed from the study, while any
property with an owned PV system was retained. No further disqualification process was used. In this
way, this case study would avoid “selecting” sales and instead would truly be a random sampling of
properties.
Lastly, after all data in Broomfield was exhausted, the search area was expanded into the neighboring
cities until 30 home sales were located. Surprisingly, it turned out to be a challenge to locate 30 sales
that met the simple criteria listed above; this is why the study area included so many different cities.
Since the properties used in this case study were a random sampling, some of the 30 case studies will be
very strong indicators of the market value of PV, while others will be lacking complete information and
therefore, will have inconclusive results. While at first it may seem questionable to include case studies
that are weak or inconclusive, it actually turns out to be a strength of this study that no data (no matter
how weak or strong), was left out. In this way, readers of the study are able to see the entire data set
that was available for study, and the results are not steered towards any particular conclusion.
The homes chosen for the case study were investigated without initial disclosure to the homebuyer or
seller. As a part of the study process, most of the homeowners were eventually contacted via survey.
While attempts were made to contact the homebuyers and sellers, the outcome was typically not
successful. Alternatively, every effort was made to contact both the listing and selling agents for each
property. This method was much more successful and the agents were able to provide feedback as well
as some information.
This way of conducting the study remains in keeping with real‐world appraisal experiences. While the
appraiser is often successful in making contact with the listing (and/or) selling agents of properties, the
level of the detail of information received is typically significantly less than if the appraiser has full
access to the property and the homeowner.

2

To develop an opinion of market value of a leased system, an appraiser would be essentially valuing the “leased fee” interest
in an item of personal property. This is beyond the scope of this study and typically, this is also beyond the scope of work of
most residential appraisal assignments.
3
Broomfield has two applicable MLS systems: IRES and Metrolist
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In practice, appraisers must frequently draw conclusions about comparable sales without either full
input from participants who were directly involved in the sale, or without full data and specifications.
This, however, is not viewed as a significant weakness in the study. Rather, it is an accurate reflection of
the way in which market participants receive and access information. To duplicate the market’s way of
obtaining information, data was obtained by piecing it together from material obtained from multiple
sources (such as Realtors, assessor’s records, builder information, permit data, other appraisers, MLS
listings, Internet searches and maps). Not every piece of data is available in every circumstance. For our
purposes here, data that was or was not available, and how this impacted each conclusion of value and
marketability, will be denoted in each case study.
To summarize, this study is meant to show how PV systems impact market value4 and marketability in a
way that is consistent with the real‐world limitations of local data. This study will not only show how PV
systems impact the market value and marketability of 30 specific homes, it will also carefully explain the
strengths and weaknesses of various data sources, verification sources and appraisal methods that were
considered during the course of this study. While these strengths and weaknesses are specific to this
study, many appraisers will find similar issues in their market areas. In that way, appraisers can be on
the lookout for possible limitations and capabilities of their local data sets, rather than merely blindly
follow the methods that ended up being applicable for these case studies.

4

See Appendix for the definition of Market Value that is used for this study
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Executive Summary
Given that this study is a somewhat lengthy document, an executive summary is offered to present the
findings and conclusions of this study. While any exact findings and conclusions noted on the following
pages relate only to the market area (the northwest Denver metro area) that is specific to this study and
to the exact time frame studied (January 1, 2011 to May 31, 2013), they do still provide useful
information to the appraiser.
Relevant value influences were discovered in the course of completing this study that can be useful for
an appraiser to understand. Thus, while the specific client ( the Colorado Energy Office) requested that
the value contribution of 30 very specific PV systems be developed, additional readers of this report will
likely benefit more by focusing on (1) understanding the value influences discovered and (2) the
methodologies used in this study, with less focus on the exact value conclusions.
The executive summary consists of two parts:
Part 1 will summarize the exact data conclusions pertinent to this study.
Part 2 will summarize relevant value influences and appraisal methodologies.

Note: While this study is a complex and lengthy analysis of the impact of PV systems on market value
and marketability (for 30 specific residential properties), it is not meant to imply that the appraiser must
go to such extraordinary lengths to develop a credible opinion of how PV systems are valued in their
market area. Credible opinions of the impact of PV systems on market value and marketability can easily
be developed with far less research and study. Since this study is written with the client (the Colorado
Energy Office) in mind, it was necessary to conduct more research, analysis and reporting than would be
required for the majority of appraisal assignments of which PV systems are a component. In other words,
analysis made “in the field” should not only be proportional to the adjustment, but also relevant to
expectations of each individual assignment. For the majority of residential appraisal assignments, the
level of research conducted for this study is out of proportion to the magnitude of indicated adjustments
and reasonable adjustments can be obtained with far less analysis.
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PART 1: Exact Findings Based on Market Data
The findings and conclusions noted herein only show some of the more salient points with regard to
how PV systems impact the market value and marketability of specific residential properties. This list is
not meant to be exhaustive; rather it is a general summary of the facts and opinions considered most
relevant to the client (the Colorado Energy Office). Many more details, facts, data points and conclusions
are noted throughout the case study.
Note: Leased systems were not part of this study, as they are considered personal property
belonging to someone other than the homeowner. Only systems that are owned by the
homeowner were studied.

General Conclusions about the Market Area:


In Colorado: tax credits, rebates and incentives have played an important role in the
increase in the number of PV systems being installed each year from 2004 to the present.



Politics (laws, amendments, policies) impact demand. Currently, they are creating more
demand.



In the study area, the number of PV permits applied for have been steadily increasing each
year. To date, Colorado has installed 12,200 individual PV systems. Market demand for PV
systems is increasing.



The overwhelming majority of Realtors surveyed believe owned PV systems increase the
market value and marketability of homes.



Realtors are continually increasing the frequency with which they use marketing materials
with words such as “energy” and “solar” in them.



PV systems are present in nearly all price discretionary ranges and ages of homes.
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General Conclusions about PV Systems in this Market Area:


The average cost of PV systems is currently $3000‐$4000 per kW (before incentives).



Residential systems are typically sized between 2kWs and 10kWs.



The majority of homes can cover all their electricity needs with a 7kW sized system.



The amount of electricity a system produces varies (even for systems that are the same
size). Examples are noted below:

Case
Study #
10
5
1
3
4

System Size

Estimated Yearly production

Case Study #

System Size

Estimated Yearly production

1.3 kW
2.1 kW
2.8 kW
3.9 kW
4.1 kW

2020 kWh
2011 kWh
4027 kWh
5432 kWh
5788 kWh

11
2
8
6
9

4.2 kW
5.6 kW
5.7 kW
6.7 kW
7.1 kW

6231 kWh
7875 kWh
8159 kWh
7776 kWh
9979 kWh



The average home uses between 8,400 and 12,000 kWh’ s of electricity per year.



Residential electricity currently costs $0.11 per kWh.



The economic life expectancy of a PV system is currently 25 years.



Even after 25 years, the PV systems are still expected to be at 80% productivity.



Typically, the market reports no negative reaction to the visual appearance of the systems.



Repair and maintenance costs are typically extremely minimal.



The PV systems in this case study ranged from 0 to 5 years old.



Market conditions varied for each case study.



PV systems currently cost more to install then they contribute to market value.
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The Markets’ Reaction to PV Systems:



PV systems are unlikely to have a negative value impact.



Marketing times were notably lower for home with PV systems.



22 of 30 case studies indicated PV systems contributed $1,400 to $2,600 per kW to market
value.



The market does place value on the utility savings realized from PV systems.

The findings
can be categorized
intocase
several
sections:
 A detailed
chart of all 30
studies
is included at the very end of this study. Please refer to
Part 5: Summary for a more detailed, three‐page summary.


In one sentence: The case studies, as well as general market data, support the conclusions
that PV systems (that are owned) typically increase market value and almost always
decrease marketing time.
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PART 2: Value Influences and Appraisal Methodologies
Value Influences
In the course of this study, notable value influences were found to be relevant to tracking market
demand, market value and changing market conditions. A list of the most notable value influences are
noted below:











Laws, amendments and regulations
Tax incentives, rebates, and payments from utility companies to homeowners
The cost of electricity to homeowners
The cost of installing a PV system
The number of PV permits being applied for
Realtor perceptions of PV systems
How often Realtors refer to PV systems in their marketing materials.
Homeowner perceptions of PV systems
Homebuyer perceptions of PV systems
Sales of homes with PV systems on them

Factors that had no relevant influence on market value include:












Age of the home
Size of the home
Quality of construction of the home
Style of the home
Value range of a home
Size of the subdivision in which the home is located
Number of recent sales of homes with PV systems in the subdivision
Length of homeownership
Maintenance costs of the PV system
Appearance of the PV system
Type of PV system (i.e. monocrystalline, polycrystalline or thin film)

In summary, the list above provides appraisers with an idea of what types of data they might
concentrate their studies on, as well as a list of which data may yield minimally useful information.
Because every market is different, this list is not the authority on what to study, rather, it is an a list of
what was observed to be relevant for this study.
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Appraisal Methodologies
When valuing a component, an appraiser has three approaches to value to consider. These three
approaches are the sales comparison approach, the cost approach and the income approach. It is the
appraiser’s job to decide which approaches to value are applicable and necessary for credible
assignment results. In the course of this study, it was discovered that all three approaches were
applicable in almost all of the case studies.
The sales comparison approach was often applicable. The sales comparison approach was applied
whenever paired sales were located (for those not familiar with the term “paired sales,” a paired sales
analysis is discussed in detail in case study #1). Evidence indicates buyers look to other sales of homes
with PV systems to understand the value of PV systems: therefore, sales of properties with PV systems
were relevant to this study.
The cost approach was most often applicable. One of the best sources of cost data was from permit
information. Cost data is typically available from installers, permit data and cost services. Cost was a
consideration for participants in this market area and thus, cost data was relevant.
The income approach was also almost always applicable. However, all of the data needed to develop the
income approach was not always available. Income was a very important consideration for market area
participants and thus, income data was relevant. For this study, the income approach was applied using
two different techniques: a gross rent multiplier and the PV Value tool (for those unfamiliar with this
terminology, both are explained later in this report). The gross rent multiplier is a very simple
application of the income approach and it typically provided a very useful indicator of market value. The
PV Value tool, on the other hand, offers a much more sophisticated analysis that requires considerable
study and understanding for an appraiser to interpret its indicator of market value.
In conclusion, the market utilized data relevant to all three approaches to value. Therefore, for this
market area, it was acceptable to utilize all three approaches to value (or any combination of one or
more of the three approaches to value) as data allowed.
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PART 1: The Market
Title
Why Study PV Systems Now?
Politics
Cost
Market Demand
Market Area
Market Participants
Real Estate Agent Survey

Page Number
25
25
29
32
37
39
46
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Why Study PV Systems Now?
PV systems were first made commercially available in the mid‐1950s. However, they did not generally
start appearing on homes until the 1980s. With the limited exposure, the majority of homeowners and
homebuyers have had no real knowledge of these systems until within the last decade. So why, after all
this time, is there a sudden increase in the number of PV systems being installed in the Denver metro
area? The answer is trifold and has to do with politics, cost and changing market demands. Each market
force is summarized below.

Politics
In the year 2000, the federal government enacted a nationwide 30% personal tax credit known as the
Residential Renewable Energy Tax Credit5. This allowed, for example, homeowners to install a PV system
and receive a personal tax credit of 30% of the total out‐of‐pocket cost of the system. In 2008, this 30%
federal tax credit was extended through the 2016 tax year6.
Then, in 2004, the State of Colorado approved Amendment 37: The Colorado Renewable Energy Act.
The amendment allowed, for the first time, private PV systems to tie into the commercial electrical grid.
The amendment also required all major utility companies to derive a certain percentage of their retail
energy from renewable sources. Starting in 2007, the utility companies were to derive at least 3% of all
energy from renewable sources. Originally, this percentage was to gradually increase to 10% by 2015.
However, the General Assembly met several more times over the years and finally voted to increase this
amount to 30% by 20207.
Thus, the local utility provider relevant to this study, Xcel Energy, has a mandated interest in supporting
renewable energy sources. To provide financial incentives for private home and business owners to
install renewable energy systems, Amendment 37 allowed Xcel Energy to add a 2% charge on
customers’ electricity bills. These funds are then used by Xcel Energy’s Solar*Rewards program to cover
the cost of providing financial incentives for renewable energy. Xcel Energy uses these funds as
incentives for homeowners and business owners to install on‐site PV systems.
The State of Colorado has a law, known as a net metering statute, to protect the owners of on‐site PV
systems. Under this law, the utility is required to provide the owner of a grid‐tied solar system with a
bidirectional electricity meter known as a “net meter”. The utility also is required to provide retail
energy value for every kilowatt hour (kWh) produced by the solar system.

5

www.dsireusa.org/incentives
In 2009, the cap was lifted from $2000 to unlimited. This was a major factor in encouraging the adoption of PV.
http://dsireusa.org/incentives/incentive.cfm?Incentive_Code=US37F
7
Colorado House Bill 10‐1001
6
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Electricity produced by the solar system during the day is utilized to meet the building’s power demand.
Often, the solar system produces more than the demand at any given moment. In this scenario, the net
meter spins backward, rolling the excess electricity onto the utility’s grid and providing the solar system
owner with credit for generating electricity. The system owner acquires a “solar bank” of credit for the
excess kWhs.
In the evenings and during lower‐production months, the meter spins forward, drawing from the utility
grid and utilizing the solar bank of credit to offset additional demand. Because the solar system
produces some or all of the building’s electrical power over a year’s time, the solar system owner pays
only for the net energy consumed from the grid, thus, the name “net meter”.
Solar*Rewards funds have been used in different ways, including up‐front cash incentives and/or
payments over time for energy produced by solar systems. These are known as Performance Based
Incentives (PBIs) to help offset the high initial costs of installing the systems.
In the PBI system, the utility provides an additional meter, known as a “production meter” for the solar
system. Regardless of whether the solar system’s power is utilized immediately or added to the solar
bank, the production meter ensures that the system owner is paid a financial incentive for every kWh
produced by the system for the first 10 years. This means grid‐tied system owners are able to realize the
benefits of net metering AND monthly payments in the form of PBIs.
The PBI payment level varies depending on when the solar system was installed, and the amount of
financial incentive Xcel Energy offered at the time of installation. The PBI payment remains the same
over the entire 10‐year period (for example, it may be $.15 per kWh generated, or $0.09 per kWh
generated; the exact amount is fixed but varies from one system to another).
It is important for the appraiser to understand that in the event of a real estate transaction, the
payments transfer to the building’s new owner for the remainder of the 10 years.
The buyer, then, acquires a system that eliminates or reduces utility bills by offsetting electricity
demand, as well as provides a monthly check in the mail for the system’s total productivity. Therefore,
this is considered income for the homeowner.
When the Solar*Rewards program first started in mid‐2006, Xcel Energy offered an up‐front cash
incentive, rather than the current PBI. As the Solar*Rewards program grew and management of cash
flow became challenging, Xcel Energy transitioned to the PBI system in 2011. When the transition
began, the incentive was split so that some up‐front funds were provided and the rest of the incentive
was paid as a PBI. In 2012, the up‐front payments were dropped entirely, in favor of all incentives paid
as monthly PBI payments over 10 years.
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Therefore, properties participating in the PBI program may feature a PBI benefit ranging from 1 cent‐
per‐kWh to 15 cents‐per‐kWh. Because this cash benefit is transferrable to the new property owner, the
appraiser should seek this specific information from the seller8.
The Solar*Rewards program for small residential solar systems ( systems between .5 kW and 10kW in
size) has experienced significant tumult over the years, both in terms of what rebates and incentives will
be offered, and how they will be structured. Although Xcel Energy is nearing its Renewable Portfolio
Standard requirements, the PBI program is subject to a settlement under which the program is expected
to continue offering new incentives into 2014 and 2015.
Also, the Solar*Rewards program requires the homeowner to sign over the rights to his/her Renewable
Energy Credits(RESs) to Xcel for 20 years. REC’s9 are “tradable, non‐tangible energy commodities in the
United States that represent proof that 1 megawatt‐hour (MWh) of electricity was generated from an
eligible renewable energy source”10. The contract with Xcel allows Xcel to utilize the RECs for the length
of the 20‐year contract. For residential solar installations, the PBI payments are paid over 10 years, but
the contract is a 20‐year contract‐ meaning the incentives only last 10 years, but the homeowner still
signs over his/her rights to REC’s for 20 years. The payments are front‐loaded in order to reduce the cost
impact for homeowners seeking to implement solar, but the RECs are reserved by Xcel for 20 years
regardless.
When the Solar*Rewards program expires, current trends indicate that grid‐tied solar systems will
continue to be installed in Xcel’s service territory, as they currently do in areas around the state where
the Solar*Rewards program does not exist. Thus, the precise impact of the end of the Solar*Rewards
program will not be known until the program expires.
One example of how the Solar*Rewards program can work is as follows:
A homeowner purchases a PV system when the Solar*Rewards was offering a $0.15 per kWh PBI
payment. Currently, the average household in Colorado uses around 8,532 kWh11 of energy per
year. If this homeowner goes on to both produce AND use 8,532 kWh per year, s/he would
receive a payment of $1,280 per year from Xcel Energy. Without a Solar*Rewards agreement,
another homeowner may also produce and use 8,532 kWh per year, but would not receive any
payment from Xcel Energy‐ the homeowner would only receive a payment (or credit) if s/he
generated more electricity than s/he used).

8

Ideally, many of the case studies would include these PBI payments, however, because the PBI payments are a newer
incentive, only an extremely few number of case study homes had these PBI payments.
9
REC’s, represent one megawatt hour (MWh) of energy generated from any clean, renewable source (which in this case, is
from a PV system). Companies purchase and trade RECs in regulated markets. Thus, the value of REC’s fluctuate by state and
over time very much like stocks do. For example, in March of 2013, prices in the United States varied from between $10 to $420
per REC credit. Further information is available at www.srectrade.com . For detailed information on REC’s please refer to the
www.etnna.org article “REC Questions and Answers”. Also, when buyers sign an agreement with Xcel for 20 years, they agree
to give Xcel their REC’s for those 20 years. The homeowner will receive the REC’s after the 20 year period is up.
10
Wikipedia
11
www.eia.gov, How much electricity does an American home use?
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Because of the way these incentive programs are structured, the potential value in having a PV system is
not just in its ability to produce energy, but in its ability to produce income. Since every PV system is
installed with a potentially different incentive program (or no incentive program at all), an individual PV
system may or may not produce extra income for the homeowner. To illustrate, one property may only
produce energy and, thus, experience a monthly saving on energy bills, while another property may
enjoy the energy produced AND produce income. For this reason the potential market value of two PV
systems that produce the exact same amount of electricity may be different.
Since many PV systems produce income, appraisers will need to work to not only find whether a
particular system has PBI payments, but how much those payments are and when they are set to expire.
This can create a challenge for appraisers as this information is currently not easily accessible. Xcel
Energy will not provide this information without a homeowner’s permission and the local IRES and
Metrolist MLS system currently do not contain fields for real estate agents to disclose this information.
While ideally it would be helpful to offer readers of this report an exact chart of when each incentive
level began and ended, this did not prove to be possible. When contacted, Xcel simply responded to the
request for information by stating that it is not information disclosed to the public. This is a limitation to
appraisers in Colorado, and also creates a limitation in the completeness of data in some of the
included case studies.
Given that there have been so many different variables with the up‐front incentives Xcel offered at the
beginning of the program, combined with different payback periods and different PBIs (i.e. a per‐kWh
payment based on how many kWhs the system produces), the only way to know what incentives a
homeowner has received and is continuing to receive is to ask the homeowner to supply that
information directly. It is interesting to note that over the course of this study, it was discovered that
many listing and selling agents had no idea these 10‐year rebates even existed. Again, this is another
limitation to appraisers’ abilities to gather complete data.
While incentive programs have very clearly had a significant impact on driving the market’s
homeowners to purchase more PV systems for their homes, they can only have a chance to positively
impact the home’s sale price (at the time of sale) if potential buyers are educated about the ongoing
income stream of these incentive programs. Therefore, unless the rebate information is passed on to
potential buyers, the likelihood that this additional income (i.e. the incentive program benefit) will have
a positive impact on value is extremely small. Simply stated, sellers are potentially missing out on higher
sale prices because these benefits are not being adequately disclosed.
While the Solar*Rewards program noted above allows participants to potentially receive income from
their PV systems, additional federal incentive programs have contributed to decreasing the initial up‐
front cost of installing the systems.
This brings us to our next market factor: cost.
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Cost
Cost of a PV system relates to two issues: the utility cost savings realized by a homeowner, and the cost
to install that PV system.

Cost Savings
When considering the benefits of a PV system, one of the relevant factors taken into consideration is
current utility costs. Just like buying gas for your car, if current gas prices per‐gallon are extremely
cheap, car‐buyers are less likely to pay a premium for cars with higher fuel efficiencies. However, when
gas becomes expensive, there are often almost over‐night changes in the demand for those higher‐fuel
efficient vehicles. Likewise, higher utility costs typically result in demand for energy saving features. As a
result, local utility costs are a factor for a market participant who deciding whether a PV system
contributes sufficient enough “value” to offsets the financial feasibility of installing one.
For example, in Hawaii, electricity costs are about three times what they are in Colorado. Thus, in
theory, consumers will pay more for a solar system in Hawaii then they will in Colorado (and these
systems will hit a return‐on‐investment point sooner than they will in Colorado). In Texas, on the other
hand, utility customers are able to choose from various electricity providers so utility costs are much
more competitive. In this market area, electricity is only very moderately expensive. That said, the area
utility provider (Xcel Energy) has changed its utility costs between 2001 and 2011 in the following
ways12:

Average Rate ($/kWh)
2001
0.074
Residential
Commercial 0.053
0.040
Industrial

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

0.072
0.053
0.041

0.083
0.066
0.052

0.085
0.069
0.049

0.091
0.077
0.056

0.088
0.074
0.058

0.090
0.075
0.055

0.103
0.089
0.065

0.098
0.082
0.057

0.111
0.093
0.064

0.112
0.095
0.065

Since periodic increases in energy rates are expected to continue, investing in a solar system has
become an economically viable option for some homeowners in the greater Denver area.

Cost to Install a PV System
Costs not only vary around the county, they also vary within the state of Colorado. Since only a small
area near Denver is being included for this study, the costs noted below are strictly for the defined

12

Table provided courtesy of the Colorado Energy Office
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market area: the cities of Arvada, Broomfield, Wheat Ridge, Westminster13 and Denver. Pricing for solar
systems is generally indexed by the per‐kW cost (and larger systems have a slightly lower per‐kW cost
then smaller systems do, which is consistent with bulk purchasing mentality). Thus, permit data from the
defined market area was compiled and is noted below14.
Based on this data, PV systems have seen dramatic reductions in cost over the past five years. The cost
per kW in 2008 was between $5,000 and $7,000, and in 2012 was between $3,000 and $4,000 per kW.
As an aside, some installers quote the cost to install a PV system on a per‐watt basis (i.e. $3.00 to $4.00
per watt instead of the kW basis noted above). These are simply different units of measurement.
When conducting research for this study, the most common local way of quoting costs was per‐kilowatt.
Thus, that is the unit of measurement that is being used in this study15:

Cost Per KW

2008‐10‐30
2010‐02‐09
2010‐06‐28
2010‐09‐15
2010‐11‐24
2011‐02‐15
2011‐05‐09
2011‐08‐30
2012‐01‐17
2012‐02‐24
2012‐04‐25
2012‐06‐01
2012‐06‐27
2012‐08‐03
2012‐09‐14
2012‐10‐16
2012‐11‐06
2012‐12‐06
2012‐12‐31

$14,000
$12,000
$10,000
$8,000
$6,000
$4,000
$2,000
$0

CostPerKW

While $3,500 per kW is the current average installed cost, actual costs per system do vary based on
several different factors (for example, inverter costs vary by type and size of the overall system,
different roof surfaces are more difficult to install on, some homeowners may opt for a battery back‐up
system, and there are different panel types). As a result of these differences, some systems are more
complex to install than others. However, overall, a general average cost of $3,500 per kW is currently a
reasonable estimate for the typical system installed a typical home with a composition roof (homes with
concrete tile roofs generally cost ranging from $4,000 to $5,000 per kW). Appraisers should continually
monitor the costs of PV systems as the expectation is that they will continue to see changes in costs over
the next several years.
13

It was not possible to assemble specific cost data for the City and County of Denver, however, I was assured by local installers
that costs are comparable between Arvada, Broomfield, Wheat Ridge, Westminster and Denver.
14
The data noted in this report is a summary of photovoltaic permits from 2009, 2010, 2011 and 2012 for the cities of
Broomfield, Westminster, Wheat Ridge and Arvada (as well as some parts of Jefferson County). These costs reflect the cost
before incentives and rebates are taken into consideration.
15
A few of the data points indicate solar systems were purchased for $0. This is obviously incorrect. This slight anomaly in the
data is simply a consequence of dealing with any large bulk data set (like the one that was used to generate this chart).
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The costs of installing PV systems have decreased to a point at which the cost is much less prohibitive
than it was just five years ago. These lower costs are a significant part of the reason there has been an
increase in the number of homeowners buying PV systems (as noted in the chart below16):

City

Year

Number of Permits

Westminster

2009

52

Westminster

2010

89

Westminster

2011

104

Westminster

2012

124

Broomfield

2009

17

Broomfield

2010

52

Broomfield

2011

58

Broomfield

2012

94

Arvada

2009

52

Arvada

2010

81

Arvada

2011

85

Arvada

2012

242

Wheat Ridge

2009

12

Wheat Ridge

2010

12

Wheat Ridge

2011

13

Wheat Ridge

2012

14

In fact, to date, since Xcel Energy’s Solar*Rewards program began in Colorado, residents and businesses
have installed more than 12,200 PV systems17.
Clearly, with such rapid increases in the number of buyers of PV systems, the demand for them is
nearing a tipping point in relation to market demand: buyers are starting to actually look for homes with
PV systems already installed on them). In other words, when the number of buyers of a particular
product increases, this can directly impact the real estate market. Changing market demands for PV
systems directly impacts market value and marketability of homes. This, then, brings us to the third
factor having an impact on the interest in PV systems: changing market demands.
The market demands section is divided into three categories: Market Demands, Market Area and
Market Participants.

16

Data for this chart is as per building permit information obtained directly from each municipality. The information was
compiled with the help of John Wrucke, a building materials expert.
17
www.xcelenergy.com, Solar*Rewards incentives information
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Market Demands
As indicated by one study, the three main reasons homeowners install a PV system are “(1)
environmental concerns, (2) reduction of dependence on foreign oil and (3) being able to produce one’s
own electricity18.” While these may be the some of the reasons PV systems are installed by
homeowners, the more important question for this study is not why PV systems are installed, but rather,
do they add value to the property on which they are installed?
To be able to determine this, we must first study area market demands.
“Market demands” are the features buyers look for, or “demand,” when purchasing a home. As
demonstrated below, buyers directly interact with market values by either desiring or not desiring a
given feature:

A feature exists or
is introduced to the
market

The feature is
desired

Buyers pay more for
the feature

More homes add
the feature

The feature is not
desired

Buyers do not pay
for the feature

The feature fades
from the market

The demand for a given feature and the supply of that feature work hand‐in‐hand. When demand
changes (and demand can change very rapidly at the whim of market participants), supply will change
(though supply is typically much slower to change in relation to the exhibited demand). Demand and
supply each impact one another and can actually lead to a point of saturation (i.e. a supply in excess of
demand or vice versa). As a result, the value a particular feature adds at any given time is dependent on
the number of people who are looking for the feature, and the number of homes that are available with
that feature. The feature may be something a large portion of the market desires, or that only a small
portion of the market desires. As long as the supply and demand of that feature are in balance, or
demand outweighs supply, the feature will be desired and buyers will typically pay for that feature.
An example to illustrate this phenomemon of this is an “Earth Ship” home, many of which are located in
the foothills of Boulder, Colorado. Earth Ship homes are designed with extreme energy efficiency in
18

Photovoltaic Incentive Programs Study (SEPA Report #06‐09), Yasmeen Hossain, Mike Taylor and Ming‐Jay Shoa November
2009
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mind, and they do not function or look anything like homes located in a typical suburb. These homes are
partially buried beneath dirt, have sod roofs and utilize recycled materials such as tires and soda pop
cans for walls. While the vast majority of the population near Boulder has no desire for an Earth Ship
home, there is enough of a market segment to sustain demand for the limited supply. Thus, while only a
few Earth Ship homes will come up for sale every few years or so, they always sell well and are very
marketable.
Where do PV systems fit in with current market demands? One way to find out is to consider the
information available in the Denver metro area’s MLS systems.
PV systems are related to energy consumption. To understand where PV systems fit into the market‐
place, it is first necessary to understand, in general, how important “energy”‐related features are to the
market.
Take, for example, the information from the local MLS (Metrolist), contained in the following table:
Table 1: How often the word “energy” is used to describe homes listed for sale in MLS
Time
Total
Total
Percentage
Total
Total
Period
number
number of of sales in
number of
number of
of home
sales in
MLS with
new home
new home
sales in
MLS with
the word
sales in MLS sales in MLS
MLS
the word
“energy” in
with the
“energy”
the
word
in the
comments
“energy” in
comments section
the
section
comments
section
2012
54911
1317
2.4%
1697
215
2011
43996
872
2.0%
1785
163
2010
42500
518
1.2%
1359
44
2009
44675
513
1.1%
1470
45
2008
50863
381
0.7%
1937
30
2007
29762
307
1.0%
1042
9

Percentage
of new
home sales
in MLS with
the word
“energy” in
the
comments
section
12.7%
9.1%
3.2%
3.1%
1.5%
0.8%

Table 1 shows how often Realtors use the word “energy” in the comments section of MLS19 listings (this
comments section is labeled in Metrolist as the “Public Remarks” section).
This Public Remarks section is the only part of the MLS listing where the Realtors provide their own,
personal description of the property they have listed for sale. Since these comments are typically fewer
than 100 words in length and are unique to each property, the words Realtors choose are an indicator of
which features are typically of interest to homebuyers. In downtown Denver, for example, Realtors

19

The “MLS” referred to here is Metrolist from the Denver metro‐area, Colorado. This data includes shared data from IRES MLS
(Loveland, Colorado) and PPAR MLS (Colorado Springs, Colorado.
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would not use the words “grain silo” or “great fishing” since that is not what those buyers value or react
to. They may instead use words such as “2 blocks to shopping” or “easy access to light‐rail”.
Table 1 shows that Realtors have increased their usage of the word “energy” (when referring to new
homes) by 11.9% over the past five years. For existing homes, however, that increase has only been
1.4% over this same time period. This is a typical trend. When the market is reacting to and seeking out
a new feature, such as energy efficient appliances, this feature tends to show up first in new homes;
then, if the feature continues to gain popularity, it will work its way into the remodeling projects of older
homes20.
The increase in usage of the word “energy,” however, must be placed within the context of other words
Denver‐area Realtors have increased their usage of:
Table 2: Words that increased in frequency in MLS for all homes (new and resale)
Word
Granite
Carpet
Updated
Furnace
Green
Energy
Utility
Insulation

2012
24%
18%
17%
10%
5%
2.4%
3%
1%

2011
22%
18%
14%
8%
4%
2.0%
1%
1%

2010
21%
17%
13%
7%
4%
1.2%
1%
.05%

2009
17%
16%
11%
7%
4%
1.1%
1%
.04%

2008
13%
15%
10%
6%
4%
0.7%
1%
.03%

2007
13%
15%
10%
7%
4%
1.0%
1%
.03%

Table 2 shows that the 1.4% increase over five years for the word “energy” is in‐line with several other
words21 so this is not a unique change. Also note that the word “utility” increased at a similar rate as
the word “energy.”
Now, regarding only new homes, “energy” and “utility” were the only words found to be increasing at a
frequency rate above any other words (see Table 3 noted below)22:
Table 3: The frequency of common words used in MLS when describing new homes
Word
Energy
Green
Utility
Insulation

20

2012
13%
7%
6%
5%

2011
9%
5%
.1%
1%

2010
3%
4%
.1%
1%

2009
3%
4%
.1%
.5%

2008
2%
3%
.1%
0

2007
1%
5%
.1%
.1%

Part of the positive trend changes toward energy efficiency are due to stricter building codes and part are due to market
participants demanding energy efficient features.
21
40 words were tested.
22
40 other words were tested (i.e. “granite”, “den”, “schools”, “view”, “basement”, etc.). None were found to have the same
significant increase in frequency of use as the words “energy” and “utility”.
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In conclusion, while the overall market has seen a modest increase in the use of the words “energy” and
“utility,” new home listings have been rapidly increasing their use of these same words.
Like Realtors, builders also direct their marketing materials to topics that interest buyers. Based on the
data summarized thus far, we can begin to reasonably conclude that the increase in the frequency of
use of the words “energy” and “utility” by Realtors and builders shows a probable increase in interest by
homebuyers for energy‐saving features.
To further test this conclusion, Internet marketing materials for 14 local builders were researched.
Twelve of these builders (Village Homes, New Town Builders, Standard Pacific Homes, Taylor Morrison,
Meritage Homes, Century Communities, Ryland Homes, Richmond American Homes, KB Homes, Dell
Webb, David Weekley and Oakwood Homes) had easy‐to find language on their websites describing
energy‐efficient features in their homes.
Five of these builders (Meritage Homes, New Town Builders, Century Communities, Standard Pacific
Homes and Ryland Homes) even made specific reference to PV systems as being either standard or
available as an upgrade. Interviews with these builders show that, PV features have only been offered
(either as an option or as a standard feature) for a year or so. Thus, PV is a newer feature being
advertised by some area builders. However, it must be noted that these builders do not offer the same
type of solar package. To illustrate, Century Communities, New Town Builders, Ryland Homes and
Standard Pacific include PV as a standard feature on their homes (Century Communities includes a 1.92
kW pre‐paid lease, Ryland Homes includes a 2 kW pre‐paid lease, New Town Builders includes a 3.0 kW
owned system and Standard Pacific includes a 1.4 kW owned system, whereas Meritage Homes offers
two different sized PV systems (that will be owned) as an upgrade option only).
While the web‐advertising and the builder interviews confirm there is a trend towards making PV being
available to new home buyers, it is still important to quantify this increase. Like with the word “energy,”
the words “PV,” “photovoltaic” or “solar energy” were researched in the local MLS for all residential
properties (new and resale homes) and the results are summarized below:
Table 4: “PV” references made in MLS
Year
Frequency
2002
1
2003
0
2004
0
2005
1
2006
0
2007
1
2008
4
2009
8
2010
11
2011
17
2012
37
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Clearly, up until 2008, solar energy and PV systems were not even on the radar for most potential
buyers and they were rarely (if ever) noted in MLS listings. In fact, up until 2010, the only way Realtors
could disclose the existence of a PV system in the MLS was to add specific language in the Public
Remarks section (this is the information that is summarized in Table 4). Between 2010 and 2012,
however, the local MLS systems added “Green Fields”. These “Green Fields” allowed the Realtors to
indicate (in addition to or in lieu of adding language to the Public Remarks section), whether a property
has any “Green” or energy‐efficient features (such as PV). This change has resulted in the further
increase in the frequency of PV being disclosed in MLS listings23:
Table 5: PV systems as noted in
the MLS “Green” fields
Year
Frequency
2010
5
2011
30
2012
59
Based on the above information, we can conclude the Denver metro‐area is actively experiencing an
increasing interest in disclosure of energy‐efficient features and/or PV systems in residential homes. At
this point, the acquisition interest is still a relatively small segment of the market; however, it is slowly
increasing as the total number of systems increases and new‐home builders add PV packages to their
homes.

23

These figures are not the same as were used to generate Table 4. Thus, the total frequency of photovoltaic systems being
disclosed in MLS is a combination of Table 4 and Table 5.
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Market Area
For this study, a specific market‐area was located. This market area is located in an area that is
northwest of the city of Denver, Colorado. and includes the contiguous cities of Arvada, Broomfield,
Wheat Ridge and Westminster as well as some northern sections of the city and county of Denver. A
summary of Arvada, Broomfield, Wheat Ridge, Westminster and Denver is noted below:
Arvada24
Year incorporated:

1904

Physical size of city:

32 sq. miles

Median House Value in
2009:

$241,80025

Median income in 2009:

$66,378

Unemployment as of
Aug 2012:
Persons living in
poverty:

7.7%

26

Population in July, 2011:

107,541

Population in July, 1991:

90,886

Number of people per household:

2.5

Population/Number of people per household=
number of households:

43,016

Population in July, 2011:

57,352

Population in July, 1991:

25,061

7.3%

Broomfield27
Year incorporated:

1961

Physical size of city:

27 sq. miles

Median House Value in
2009:

$262,90428

Median income in 2009:

$76,38029

Unemployment as of
Aug 2012:
Persons living in
poverty:

7.1%

Number of people per household:

2.6

Population/Number of people per household=
number of households:

22,058

5.1%

Westminster30
24

Per www.city‐data.com and www.google.com/publicdata
The Colorado median house value at the same time period was $237,800.
26
The Colorado median income at this same time period was $55,430.
27
Per www.city‐data.com and www.google.com/publicdata
28
The Colorado median house value at the same time period was $237,800.
29
The Colorado median income at this same time period was $55,430.
25
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Year incorporated:

1911

Physical size of city:

31 sq. miles

Median House Value in
2009:

$225,50031

Median income in 2009:

$60,662

Unemployment as of
Aug 2012:
Persons living in
poverty:

7.8%

32

Population in July, 2011:

106,486

Population in July, 1991:

76,222

Number of people per household:

2.5

Population/Number of people per household=
number of households:

42,594

Population in July, 2011:

603,440

Population in July, 1991:

unknown

Number of people per household:

2.2

Population/Number of people per household=
number of households:

301,720

Population in July, 2011:

30,218

Population in July, 1991:

unknown

10.6%

Denver33
Year incorporated:

1858

Physical size of city:

154.9 sq. miles

Median House Value in
2009:

$244,60034

Median income in 2009:

$46,410

Unemployment as of
Aug 2012:
Persons living in
poverty:

8.3%

35

19.1%

Wheat Ridge36
Year incorporated:

1969

Physical size of city:

9.1 sq. miles

Median House Value in
2009:

$238,14237

Median income in 2009:

$45,42838

Unemployment as of
Aug 2012:
Persons living in
poverty:

9.1%

Number of people per household:

2.1

Population/Number of people per household=
number of households:

14,559

10.1%

The five cities are a viewed as a good representative sample of the general Denver‐metro area for
housing in the noted value ranges.
30

Per www.city‐data.com and www.google.com/publicdata
The Colorado median house value at the same time period was $237,800.
32
The Colorado median income at this same time period was $55,430.
33
Per www.city‐data.com and www.google.com/publicdata
34
The Colorado median house value at the same time period was $237,800.
35
The Colorado median income at this same time period was $55,430.
36
Per www.city‐data.com and www.google.com/publicdata
37
The Colorado median house value at the same time period was $237,800.
38
The Colorado median income at this same time period was $55,430.
31
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Market Participants
As noted earlier in this study, every market‐area reacts differently to different property features. Our
market area includes the cities of Arvada, Broomfield, Westminster, Wheat Ridge and parts of Denver. In
order to understand how or whether PV systems have an impact on marketability or value, it is very
important to first understand the market area participants and how that they view PV systems.
To do this, a number of data points were checked:
1.
2.
3.
4.

Number of PV permits applied for
The location of homes with PV permits (i.e. subdivision and city)
The sssessed value of homes with PV permits
Length of homeownership before a PV permit was applied for

This information, combined with the number of households per city, will show how common PV system
are, which price range of home is likely to have a PV system, where those PV systems are located (by
subdivision) and how long homeowners have lived in the property prior to purchasing a PV system.
Note: Only data from Arvada, Broomfield, Westminster and Wheat Ridge is included in these data sets
because, as will be explained later, it was not possible to obtain bulk permit data from the City and
County of Denver.
Data Point 1: Number of PV Permits
City

Year

Number of Permits

City

Year

Number of Permits

Arvada

2009

52

Westminster

2009

52

Arvada

2010

81

Westminster

2010

89

Arvada

2011

85

Westminster

2011

104

Arvada

2012

242

Westminster

2012

124

Broomfield

2009

17

Wheat Ridge

2009

12

Broomfield

2010

52

Wheat Ridge

2010

12

Broomfield

2011

58

Wheat Ridge

2011

13

Broomfield

2012

94

Wheat Ridge

2012

14

Based on the number of permits previously, the following percentages of households per city have
applied for PV permits between 2009 and 2012:





Arvada
Broomfield
Westminster
Wheat Ridge

1%
1%
.9%
.3%
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In conclusion, PV permits are evenly distributed throughout the cities, with the exception of Wheat
Ridge. Thus, three of the cities are experiencing a similar level of market interest in PV systems.

These PV permits are being applied for on a wide range of home ages:
DATA POINT 2: Age of Homes with PV
The number of PV permits applied for (arranged according to decade)
City/Year
Arvada
Broomfield
Westminster
Wheat Ridge

1900

1910

1920

1

1

2

1

1

4

1930

1940

1950

1960

1970

1980

1990

2000

2010

3

10

26

38

20

35

48

44

11

6

31

32

69

77

5

1

1

10

6

33

28

43

41

8

1

7

29

9

4

2

2

4

0

At first glance, it appears that homebuyers in Arvada are more inclined to install systems on newer
homes, while Wheat Ridge is inclined to install PV systems on homes built in the 1950s. It should be
noted, however, that Arvada and Broomfield have a much higher percentage of homes that were built
after 2000 (whereas Wheat Ridge is comprised mostly of homes built in the 1950’s, and Westminster
consists mainly of homes built between 1970 and 2000). Additionally, all cities have very few homes that
were built before 1950. Based on the makeup of each city, the number of permits applied for (based on
the decade in which each home was built) is actually pretty evenly distributed among the actual makeup
of each city.
In conclusion, based on the above data, the market area is just as willing to install a PV system on a
home built in the 1970’s as it is to install one on a home built in the 2000s. The age of the home is not a
major factor in deciding whether to install a PV system and PV permits are generally evenly distributed
by the ages of homes that are typical for each city.

DATA POINT 3: Location of Homes with PV
Location (Subdivision and City)
While many of the subdivisions in Arvada, Broomfield, Westminster and Wheat Ridge have only seen
between one and three permit applications between 2009 and 2012, several subdivisions have had
multiple permits. Those subdivisions are as noted below:
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Arvada
SUBDIVISION
Five Parks
Candelas
West Woods
Ralston Valley
Lamar Heights
Lakecrest
Cameo
Wild Grass
Lake Arbor
Landing

Number of recent
Permits39
19
19
16
13
13
8
7
6
5
5

Number of
properties
876
601
1105
974
997
696
99
668
1468
559

% of properties with PV
permits
2%
3%
1%
1%
1%
1%
7%
.8%
.3%
.8%

Age Range of
homes
2002‐2010
2012‐Present
1994‐2006
1954‐1999
1956‐1989
1980‐1999
1963‐1999
2009‐Present
1970‐1998
1987‐1996

Median home value for
entire subdivision
$419,700
$435,000
$350,000
$156,500
$142,000
$203,100
$252,900
$478,381
$142,500
$234,900

Number of recent
Permits
21
19
19
18
17
13
11
8

Number of
properties
394
1684
743
890
326
416
529
1241

% of properties with
recent PV permits
5%
1%
3%
2%
5%
3%
2%
.6%

Age Range of
homes
2000‐2007
1956‐1987
2001‐2009
1979‐1999
1982‐1999
1979‐1993
1993‐1999
1972‐1998

Median home value for
entire subdivision
$480,800
$173,000
$349,000
$214,000
$275,000
$222,000
$270,000
$172,000

Number of recent
Permits
19
15
11
8
8
7
6
5

Number of
properties
1376
641
1950
916
311
1268
698
748

% of properties with
recent PV permits
1%
2%
.5%
1%
3%
.5%
1%
.6%

Age Range of
homes
1994‐2011
2002‐2006
1980‐2011
1976‐1997
1994‐1998
1990‐2006
1993‐1998
1976‐2010

Median home value for
entire subdivision
$335,857
$395,000
$178,500
$172,900
$316,800
$373,200
$212,000
$207,300

Number of recent
Permits
19
16
12
13

Number of
properties
191
3581
338
916

% of properties with
recent PV permits
10%
.04%
4%
1%

Age Range of
homes
1877‐2011
1953‐1996
1947‐1957
1882‐1995

Median home value for
entire subdivision
$188,500
$205,000
$220,000
$155,000

Broomfield
SUBDIVISION
Aspen Creek
Broomfield Hgts
Mckay Landing
Brandywine
Ridgeview Heights
Highland Park
Willow Park
Westlake Village

Westminster
SUBDIVISION
Legacy
Bradburn
Village
Sunstream
Home Farm
Ranch
Amherst
Walnut Grove

Wheat Ridge
SUBDIVISION
Barths
Applewood
Bel Air
Lakeside

39

Issued between 2010 and 2012
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Note the median value for all of these subdivisions compared to the median value for the entire city:
Arvada median value for specific subdivisions:
Arvada median value for the entire city:

$243,900
$241,800

Broomfield median value for specific subdivisions:
Broomfield median value for the entire city:

$246,000
$262,904

Westminster median value for specific subdivisions:
Westminster median value for the entire city:

$264,000
$225,500

Wheat Ridge median value for specific subdivisions:
Wheat Ridge median value for the entire city:

$192,000
$238,142

It should be noted that the median value for the entire city is dated 2009, while the median values for
the specific subdivisions are taken from local MLS data and are current figures (from 2012)40. Since
values have increased slightly between 2009 and the end of 2012, it is reasonable to conclude that the
median home price for the entire city is slightly higher today. Thus, the median values for the entire city
and for the specific subdivisions are generally comparable to one another, except for Wheat Ridge.
As a general observation, PV systems occur in all price ranges of home. It can be concluded that the PV
permits are evenly spread out across the cities and by subdivision.

40

For reasons too lengthy to explain here, the median home price of each city is from 2009 and not from 2012. This has to do
with the limitations of different data sources (i.e. what data they reflect and how they are compiled). Thus, after taking into
consideration all limitations of various data sets, the decision was made to use the median value from 2009, even though it is a
few years old.
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DATA POINT 4: Value of Homes with PV
Assessed Value Versus Number of Kilowatts Installed
16.0
14.0
12.0

kW

10.0
8.0
6.0
4.0
2.0
0.0
0

500000

1000000

1500000

2000000

Assesed Value

The data above indicates there is only a .3 correlation between the assessed values of the properties
and the number of kWs homeowners install on their homes. This demonstrates that energy needs and
wants only slightly correlate to the overall value of the home. Therefore, there is no particular price
range of home that is more likely to installed PV than any other price range of home. There is, however,
a clear indication that PV systems are typically not installed on homes assessed under $150,000, and are
minimally installed on homes valued over $700,000. This statement must be tempered by the fact that
there is a very limited number of single family homes in the study area that are worth under $150,000 or
over $700,000.
The conclusion within this data set is that the size of the PV system is only very slightly correlated with
the assessed value of the home.

DATA POINT 5: Length of Homeownership
While conducting this study, two Realtors mentioned they felt that those inclined to buy PV systems
were those who intended to stay in their homes for longer than the average homeowner. This,
however, did not turn out to be the case. To study this data point, permit data was compiled to
determine how long (on average) a property owner had owned a property before applying for a permit
to install PV. This data ONLY reflects those who applied for PV permits in 2010, 2011 and 2012. Thus, the
data set shows how long the owners had lived in the property before applying for a PV permit in 2010,
2011 or 2012.
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LENGTH OF OWNERSHIP (IN YEARS) BEFORE A PERMIT FOR PV WAS APPLIED FOR

Between 31‐40 years
Between 21‐20 years
Between 11‐21 years
Between 01‐10 years

9 permits
53 permits
167 permits
381 permits

Since the average length of homeownership is eight years41, it is interesting to note that 37% of all
permits pulled were on properties where the owners had lived on the property more than 10 years.
This, however, does not reflect how long the homeowners will live on their property after PV is installed.
Since the purchasing of PV permits (en mass) is a relatively new activity, it is only possible to track how
long PV buyers have lived in their homes PRIOR to the purchase of PV. It is not yet possible to track how
long PV buyers will live in their home AFTER they purchase the PV systems (since most of those owners
still live on the properties).
In conclusion, this data point is inconclusive with regard to how long a PV buyer will live in his/her home
after the purchase of the PV system; however, it does show that buyers of PV systems are not just new
homeowners.
Therefore, there is moderate tendency for a homeowner to apply for a PV permit within the first 10
years of homeownership, versus after 10 years of homeownership.
This data point, however, is given little weight since the data point only tracks permits applied for
between 2009 and 2012.

41

US Census data
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Market Participants: Conclusions
As the data has shown, the distribution of PV permits is very even regardless of the age of the home, the
assessed value of the home, the size of the PV system, the subdivision in which the home is located, or
the city within which the home is located. This is a clear indication that there is no one particular market
segment that has an interest in PV systems. Rather, homes with PV systems represent nearly all price
discretionary ranges, ages of homes and locations within Arvada, Broomfield and Westminster.
While the PV systems are noted in all areas, the next logical question to ask is, “How accepted are PV
systems by homebuyers?” For that, we turn to a survey of area real estate agents.42

42

It was necessary to resort to telephone interviews of real estate agents, as enough homeowners did not respond to a written
survey that was mailed to them to create reliable data conclusions.
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Real Estate Agent Survey
What do Real Estate Agents have to Say about PV Systems?
In March 2013, more than 60 real estate agents were contacted. These agents had experience listing
homes with PV systems (the 60 agents from this survey are different from the agents who listed and
sold the 30 homes used in the case study). Of these 60 real estate agents, 39 responded and provided
feedback about how they saw the market reacting to PV systems in general. A summary of their
comments is provided in the table noted below.
The comment boxes are highlighted with various colors. The colors have the following meanings:
PV had a negative impact on value and/or marketability.

PV had a neutral impact on value and/or marketability.

PV had a positive impact on value and/or marketability.

Note that very few of the boxes are colored red. Also, the percentage of neutral comments boxes start
out representing the majority of sales, but, over time, all comments changed to almost all positive
experiences.
The comments are taken mostly from telephone interviews. A very serious effort was made to use the
exact words the real estate agents themselves were using. However, it should be noted that the
conversations were not recorded‐ handwritten notes were taken during the interviews with careful
attention paid to the exact phrasing used by each agent. A few of the comments were taken from email
responses from the real estate agents. In those few instances, the exact phrases the agents used are
noted below (though they are shortened for brevity and any words removed were peripheral
statements such as “I would love to help” or, “The other agent said the system was about 3kW, but we
found out it was 3.8kW,” etc.).
CITY

YEAR OF SALE

LEASED/OWNED REAL ESTATE AGENT COMMENTS

Englewood

2009

Owned

Ft Collins

2009

Unknown

Longmont

2010

Unknown

No feedback on PV system. Sold very quickly. PV had little or no
impact on value.

Boulder

2011

Owned

The system was very old. The buyer was neutral to the system. It
was not leased, but leased systems are a negative on the selling
process.

Good marketing (showing utility bills and giving a depreciation
table) was key. Value contribution was around $7,000. Buyer
specifically wanted a “Green” house. PV was key to sale, as the
market was dead at the time.
Added no value.
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Boulder

2011

Owned

Denver

2011

Unknown

Denver

2011

Owned

Denver

2011

Leased

Lafayette

2011

Owned

Lafayette

2011

Owned

Louisville

2011

Owned

Louisville

2011

Leased

Louisville

2011

Leased

Arvada

2012

Owned

Arvada
Arvada

2012
2012

Leased
Leased

Broomfield

2012

Leased

Boulder

2012

Owned

Boulder

2012

Owned

Denver

2012

Unknown

Denver

2012

Leased

Denver

2012

Leased

Erie

2012

Owned

Evergreen

2012

Leased

Was a plus that the system was not leased. It increased
marketability. Buyers liked the energy efficiency but not sure they
would paid more for it.
Buyers, after education, liked the idea of saving on utilities. No
impact on marketability. Did not add or subtract from value.
2.8kW. Took longer to sell because potential buyers had to be
educated on the system. Buyers liked the system after they
learned about it. At the time, there were not enough sales of PV
systems and buyers did not understand them.
Buyer liked the system, but was not willing to pay more. The lease
complicated the transaction and was a hassle.
Cost $15,000 after rebates for 4.5kW. Utilities decreased around
$60 per month. Few buyers cared about it and minimal feedback
was received. Seemed to have zero impact on value.
Cost $30,000, contributory value was between $0‐10,000. Having
the system was a bonus and a benefit to the sale, but was not the
reason the home sold.
Attractive feature but did not add significant value. Homes in this
area sell well with or without a PV system.
Buyer assumed 18‐year balance of lease. This was not a negative or
positive issue. Buyer paid over asking price, but not because of the
PV.
System was a perceived hassle. Most people were not interested
and did not want to sign a lease, even though it was pre‐paid. In
the end, it was not a negative or a positive: it was a neutral
feature.
Had to be proactive as a Realtor for value to be realized. Buyers
loved saving energy. All potential buyers liked it. Added $20,000 to
$25,000. Buyers see a lot of value when systems are owned, not
leased.
A tremendous resistance from buyers because it was a lease.
Lease did cause a negative issue in negotiation of the sale. The
system was brand new.
No comments received at all. Lease was paid in full. If the lease
was not paid, it would have been a big deal.
PV made no difference. Buyers could have cared less. Sellers spent
a lot of money on the system.
3.5kW. System was worth no more than $10,000. PV was a selling
point and brought the value up. Probably reduced marketing time.
Big appeal in the nearly non‐existent energy bills.
Overall: it was a perceived hassle. The buyers, however, were very
interested in saving energy. It did add value, but not sure how
much. The market does not know enough about the systems.
Leased by Solarcity. The transaction was very smooth and easy to
transfer. Listing agent liked the system so much, he had it installed
on his own personal home after this sale.
Nobody cared about the lease. The home sold so quickly the PV did
not matter. The market was a seller’s market.
People like the very low energy bills. PV was a major marketing
factor, but not all people had interest in it. Maybe got $8,000 to
$10,000 more for the PV system. Leases are a negative if they are
not paid off.
Leased was paid off prior to sale of home. The buyers thought the
system was a “little perk” only because the lease was prepaid. They
would have bought the home with or without the PV. Did not add
much value. A lease that was not prepaid would appeal to
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Golden

2012

Owned

Highlands
Ranch

2012

Owned

Lafayette

2012

Owned

Lafayette

2012

Owned

Lakewood
Louisville

2012
2012

Unknown
Owned

Louisville

2012

Owned

Nederland

2012

Owned

Arvada

2013

Leased

Broomfield

2013

Leased

Black Hawk

2013

Owned

Denver

2013

Owned

Erie

2013

Owned

Lafayette

2013

Owned

Platteville

2013

Unknown

someone with eco sensibilities.
Solar did help, but did not make the deal. Lucky if the seller got
$10,000 of value for it. Had practically free utilities.
5 kw system. The PV system was a big factor for the buyer. The
agent very actively promoted the system. Added $9,000 to
$10,000.
4.8kW. Almost no electric bills on property. Estimated it added
$5,000 to $10,000 in value. PV was a major plus for marketing.
Most Realtors had little reaction, but many potential buyers really
liked the energy savings. Sold very fast. Buyer saw value in PV.
Appraiser stated PV added no value. Buyer bought the house
anyway at the contract price, even though it appraised below
contract price.
No comments received on system. Was a nice extra feature but not
important to this buyer. Added a nominal benefit. Most people do
not understand benefits of system.
No one mentioned the PV. Home sold very quickly.
No electric bills on property. The buyer who purchased the system,
liked it but did not want to pay more to have it.
Nice bonus, but not a deciding factor for buyers. The home did sell
faster because of the PV. Added to value, but not sure how much.
PV helped the seller sell the home. Buyer had a large focus on
solar. Had one of the better rebate contracts with Xcel.
The lease was a bad issue. Seller had to pre‐pay (or buy out the
lease). Lending company required lots of extra documentation.
Was a negative.
Lease did create complications. Buyer and seller split the cost to
pay it off. Buyer felt that was a good deal since he then would get
his money back in saved utility costs. Buyer felt he paid more for
the home because of solar (even with lease).
Seller believes he got $18,000 back. Realtor actively marketed and
educated buyers on system. Every potential buyer was
“impressed” with the system. Sold much quicker than other
homes.
PV systems are common and expected in this particular area.
System adds minimally to value, but the house was more attractive
to buyers because of the PV. Homes without PV are seen as lacking
a feature. Having PV is “something extra” to offer.
Biggest interest for the buyers was the PV system and the
neighborhood. Utility bills were $5 per month. Added $15,000 to
$20,000 to value.
4.8kW. PV was a plus. Had multiple offers and bidding war. Sold
very fast. If systems are leased, they are not viewed favorably.
Buyers loved that the system came with the house.
A system where the lease is paid off makes a huge difference.
Added value to the property. PV was a huge plus for this buyer.

In summary, when PV systems were first appearing on homes that were listed for sale in 2009, most real
estate agents were noting the systems had a neutral impact on the marketability and value of the
property (and only a few felt the PV had a positive impact). Overtime, this shifted to an even number of
real estate agents stating that PV was having a neutral or positive impact. Eventually, trends continued
to the most recent sales, which show that PV systems clearly have a positive impact on value or
marketability.
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In addition to the quotes noted above, roughly an additional 100 real estate agents were interviewed for
this study (i.e. the 100+ agents noted later in this study that were contacted in the case studies). The
most resounding comment received was that many people were “scared” of PV systems until they
learned about them. In fact, it became very evident that real estate agents who perceived having
received the highest quoted values for the PV systems were those who actively marketed the system
and felt had spent time educating the buyers43. Thus, according to real estate agents, education equaled
higher values, or:
BEEHV
(pronounced “Beehive”)
Buyer Education Equaled Higher Values

Information Learned from the Real Estate Agent Survey
When conducting interviews with real estate agents, it was noted that a few points continued to be
brought up again and again with regard to what information buyers were seeking about PV systems).
The key concerns buyers had were:





What are the maintenance costs?
How much electricity does the PV system generate?
What percentage of my total electrical costs will the PV system cover?
Is the PV system owned or leased?

While other concerns were noted as well (for example, What happens when they are damaged by hail?
How to I read the meter? What is my final carbon footprint?), those listed above were by far the most
common concerns.
To help real estate agents address these concerns, they may choose to utilize the following two forms:
1) The Appraisal Institute offers a very comprehensive Residential Green and Energy Efficient
Addendum (“RGEEA”) that standardizes the information on a national basis and can be used by
anyone. This provides a way for anyone to disclose all the relevant specifications about a
system.
2) A Realtor Estate Information Sheet is less concerned with specifications and is aimed more to be
a visually interesting document that is intended to merely pique the interest of potential
homebuyers.

43

In addition to the Realtor quotes noted above, this conclusion was drawn from other conversations that were had as well.
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Therefore, the two forms work nicely together. While the RGEEA is extremely useful for disclosing the
exact specifications of any given system and also provides information that is very much needed by
appraisers, real estate agents and potential homebuyers, the Realtor Information Sheet is intended for
marketing purposes and is designed merely to catch the eye of homebuyers, and thereby prompts the
homebuyer to ask more questions about the PV system.
It was surmised by a total of 10 real estate agents (all of whom were contacted for their feedback and
input) that combining the two documents allowed the agents to both create interest in the PV system
and provide specifications for that system. Without both documents, the agents felt they were servicing
fewer potential buyers. If only the RGEEA addendum was used, the agents felt they were essentially
assuming potential buyers had the knowledge to understand what each specification meant. Likewise, if
the agents used only the Realtor Information Sheet, they were then assuming buyers didn’t want to
know the specifications (when clearly, some buyers were very savvy about the income and value of PV
systems). Thus, when used in conjunction with one another, both forms have the potential to serve all
potential buyers (those who savvy about PV systems and those who are just learning about them).
Regardless of how (and if) real estate agents decide to market and disclose specifications about a
specific PV system, one thing was clear: educating buyers and providing information about the system
typically resulted in a positive selling experience (which, for this study, typically resulted in lower
marketing times and/or potentially higher sale prices).
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Photovoltaic Systems‐What Appraisers Need to Know
Components
A PV system converts sunlight into electricity. One of the reasons homeowners install these systems is to
generate renewably sourced electricity. Currently, it is very common for homeowners to tie their PV
systems into the electric grid (meaning, they are connected to the area utility provider’s power line
infrastructure). While a homeowner can opt to be entirely off grid, this is not the type of system that
was researched for this study. This study addresses only grid‐tied systems44. Thus, only the components
of a grid‐tied system are explained here.
For a grid‐tied PV system, two different components are important for the appraiser to understand:



The inverter
The PV array of panels (note: multiple panels comprise an “array”)

An “inverter” converts DC current (which is what PV panels produce) into AC current (which is what is
used for household electricity). There are many different types of inverters. The larger a PV system is,
the larger the capacity the inverter(s) will have.

A photo of several inverters and a photo of the additional electrical components associated with having
a grid‐tied PV system are noted below:

Three Inverters

Utility Meter, etc.45

These components usually are located on the building exterior near electrical service equipment.
However, it is possible to install a wall‐mounted inverter in a garage or living space, and sometimes this
will be the case.

44

Also, this study only addresses free standing panels and not integrated photovoltaic roof shingles. The roof shingles are rarely
noted in this market area, and thus, was not a part of this study.
45
This particular photo has significantly more hardware than a typical solar system requires.
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Some solar systems are installed with micro inverters, rather than a wall‐mounted central inverter. In
systems of this nature, each solar panel has its own inverter mounted underneath each solar panel. The
micro inverter will be tucked out of sight underneath the solar array (“PV array”) but the system will still
contain the switchgear noted in the labeled photo on the previous page.
A “PV array” consists of numerous PV panels connected together. PV panels are the large, flat panels
that are typically installed on the roof of a home (some are installed in backyards; however, in this
market area, most will be found on the roof).
A photo of a PV array containing eight panels is noted below:

There are three different types of PV panels and each has a different efficiency level. The three
common types of PV panels are as follows:
Monocrystalline:

Polycrystalline:

Thin film:

Monocrystalline panels are the most efficient and vary in efficiency from 14% to 17%.
Polycrystalline panels are the next most efficient and vary in efficiency from 11.5% to 14%.
Thin‐film panels are the least efficient and vary in efficiency from 6% to 8%46.
In this market area, monocrystalline and polycrystalline panels are the most common.
In summary, not only are there different types of panels, those panels can vary in physical size and
output (i.e. 120 watts, 175 watts, 240 watts, etc.). Simply stated, it is not possible for an appraiser to
46

Solar Electricity Basics, by Dan Chiras, 2010 (though by 2013, the efficiency level has increased a bit).
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simply count the number of panels on a home, calculate the area of square footage the panels cover or
look at the inverter to know the kW output of the PV system. Many appraisers mentioned the
preference for all details of the system to be labeled and posted inside the electrical panel. The labeling
of solar systems, however, is regulated by the National Electric Code and rather than being designed for
appraisers or homeowners, is designed for the safety of personnel who typically interact with the
systems, such as electricians and firefighters. Thus, while a label is already required by code and is
posted on the inverters, the label is currently not designed to meet the needs of appraisers.
With such a variety in the components that comprise a PV system, it is typically beyond the appraiser’s
expertise level to determine the size and type of any given PV system simply by looking at it. Therefore,
the appraiser should rely on other sources to determine the specifications of the system s/he is studying
(again, another good reason for the AI’s Residential Green and Energy Efficient Addendum). For this
study, those sources were either generally via building permit data or, in some cases, interviews with
real estate agents. For an appraisal assignment, it would be very important to interview the homeowner
(or builder) and even more useful to review any documents that were issued with the PV system. Very
often, it was not possible to obtain all the specifications of a given system. This problem will be
discussed in detail under the “Data Sources” section of this report.

Specifications of PV Systems
There are certain details of each PV system that the appraiser must research and will need to know in
order to use some of the appraisal methods discussed later in this study. The easiest way to learn the
various specifications and components of a specific PV system is to contact the actual installer. The
installer’s name will be listed on the label that is posted on the inverter. Another source of information
would be the homeowner. Ideally, the appraiser can provide a copy of the Residential Green and Energy
Efficient Addendum47 to the homeowner and the homeowner can fill it out (or have the solar installer
fill it out). In reality, however, most homeowners need assistance with the form. Then the appraiser can
request to see all the documents the homeowner has about the system. The documents will typically
have all the information the appraiser needs.
If the appraiser is studying the PV system of a comparable sale, s/he will most likely not have access to
the homeowner, as was the case for this study. Unless otherwise noted in the individual case studies,
the homeowners were typically not available to disclose specific details about their PV systems. In fact,
unless an appraiser is performing a full appraisal on a specific property, there may not be a way for
him/her to access the specifications of individual PV systems. Likewise, even when performing a full
appraisal on a house, that homeowner (or listing agent) may not know or understand how to find the
information the appraiser needs. Regardless, the appraiser should attempt to locate specific information

47

A copy of this addendum is contained in the Appendix B of this study.
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about the PV system being studied and disclose the confirmed data and the assumptions being made
about the system48.
While there are many details associated with a PV system, the details that were found to have the most
relevance for this study are noted below. (Note that not all of this information was possible to gather for
each and every case study, however, the inability to gather all data points is an accurate reflection of the
data obstacles any appraiser will face in measuring the value impact of a PV system in the Denver
market area.)

48



Is the PV system leased or owned by the homeowner?
o The owner or listing agent (if the property is listed for sale) will be relied upon to
disclose whether the PV system is leased or owned. There is no public data source in
the Denver metro area for finding this information. If leased, the appraiser should
request a copy of the lease to view the terms and conditions of that lease. In a lease
situation, the PV system is owned by a third‐party and is not owned by the homeowner.
Also, even if a system was originally leased, it is possible for homeowners to eventually
purchase the system (depending on the terms of the lease).



What is the size (total number of kWs) of the system?
o For this study, most, but not all, listing agents knew the size of the PV system of the
home they sold. If the homeowner was not available to provide this information, it was
sometimes found in the MLS listing by interviewing the listing agent (or sometimes the
selling agent) and/or by obtaining a copy of the building permit from the municipality.
There were circumstances in a few of the case studies in whidh the size of the system
was not able to be determined.



Who is the manufacturer of the panels?



How long is the warranty on the panels?
o Warranties are not the same for every module a manufacturer creates. If the appraiser
cannot find this information, it is currently acceptable to make an assumption49 that the
warranty period is for 25 years, since this is the industry standard. This information is
useful when using the PV Value valuation tool (discussed later in this report).

And, as per the appraisal industry standard known as USPAP Standard 2‐2(b)(x), the appraiser should disclose in any written
summary appraisal report that those assumptions (known as “extraordinary assumptions) could impact the conclusions and
opinions reached in the appraisal report.
49
Again, the appraiser, as per the appraisal guidelines found in USPAP Standard 2‐2(b)(x), the appraiser will need to disclose in
any written summary appraisal report that an “extraordinary” assumption was made and that this assumption might impact the
assignment results.
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What is the age of the panels?
o This information was found by looking at the building permit, or by contacting the
homeowner. The age is important to know in order to estimate the level of degradation
the system has and the estimated remaining economic life. Age helps the appraiser
estimate depreciation and is also necessary information when using the PV Value tool.



What is the energy production (kWh) per array?
o This information was found by looking at the building permit, talking to the installer or
obtaining documents from the homeowner (or listing agent). In many cases, when the
installer applied for a building permit, the PV Watts50 calculation will have been included
in the actual permit.
o The energy produced, or the estimated production is the basis for the income approach.
This is also an important piece of information to know so that the appraiser will know if
the system is working properly or not ( if the estimated production and actual
production amount vary significantly from one another, the appraiser will need to
conduct further investigations).



What is the tile/slope of the array?
o The tilt relates to the angle at which the array is laying on the roof. If the panels are
laying flush with the roof, the tilt will be the slope of the roof. Some examples of tilt
angles are noted below:
Roof Pitch
Tilt Angle (i.e. degrees)
2/12
4/12
6/12
8/12
10/12

9.5
18.4
26.6
33.7
39.8

The tilt is very important to know in order to use the PV Value tool that is discussed later
in this report. The tilt of an array impacts how much energy the system will produce.
Some permits have this information listed right on the permit. Otherwise, it should be
fairly easy for an appraiser to eyeball a roof line and determine its roof pitch (if not,
using a protractor will help).

50

PV Watts is a calculation tool that is free to access and use online. Installers use the PV Watts calculations to estimate the
production of each particular PV system they are installing.
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What is the azimuth of the PV array?
o The azimuth angle of the sun is different than the azimuth angle of the PV array. The
sun’s azimuth is the compass direction in which the sunlight is in relation to the PV
array. In our hemisphere, this means the sun tracks along the southern sky from sunrise
(east) to sunset (west). The drawing noted below illustrates azimuth:

In this drawing, the sun moves throughout the day, thus, the azimuth of the sun keeps changing
throughout the day. The azimuth of the PV system, however, will not change though out the day (The only
exception occurs when the PV system is designed to physically move to track the sun. It is currently not
typical for homeowners in the Denver area to install the type of PV systems that track the sun. Rather,
local PV systems are “fixed” and are aligned to face one specific azimuth.). The azimuth of the PV system
is one set value.

o
o

o

Globally, azimuths range from 90‐ to 270‐ degrees. The most directly south‐facing
azimuth is 180 degrees.
Because PV systems collect energy from sunlight, the orientation of the solar array with
regard to the south‐facing sky is important. In Colorado, the ideal orientation is slightly
southeast facing, with an azimuth of about 165 to 170 degrees. This is because
afternoon clouds and thunderstorms are common in our most productive summer
months. A slightly east‐facing orientation allows the system to efficiently harvest
energy during the most light‐saturated skies, minimizing the impact of afternoon sky
cover. If a homeowner is installing a flush‐mounted, fixed PV system on the roof, the
homeowner cannot choose the azimuth: the direction the roof surface is facing will
determine the azimuth.
In general, variations in tilt and orientation have a surprisingly small impact on the
productivity of PV systems. An east‐facing array at 90 degrees azimuth will make about
7% less energy than a south‐facing array at 180 degrees. A west‐facing array at 270
degrees will make about 11% less energy than a south‐facing array at 180 degrees.
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The azimuth can be determined in several ways: by contacting the homeowner or
installer, to look up the permit information, by using the
www.tools.solmetric.com/tools/roofazimuthtool website, or by using a compass. Please
refer to Appendix I for instructions on how to use the azimuth tool to determine the
azimuth of the PV system.



Shading
o If even part of a PV system is shaded, this may negatively impact the entire system.
Shading impacts a PV system the same way one weak battery impacts a flashlight’s
ability to work (it works at the lowest common denominator.
o Shading, however, does not have the same effect on systems with microinverters, which
is one of the main reasons that microinverters are utilized. This approach preserves
efficiency of the overall system despite periodic shading, as each solar panel is
maximized by its own inverter. Additionally, companies are now producing dual‐channel
central inverters that can address the same type of situation and minimize shading
losses.
o In conclusion, assumptions should not be made about shade impacts without more in‐
depth information. Understanding the impacts of shading is beyond the expertise of the
appraiser. Therefore, if the contributory value of the system is crucial to the appraisal,
the appraiser will either need to have the system performance tested by a qualified
individual, or the appraiser will need to disclose through extraordinary assumptions,
conclusions s/he ise making about the performance of the system.



Inverter
o The most common type of inverter is a wall‐mounted unit, which has been around
about for 30 years. However, in the last five years, microinverters have emerged on the
market. Microinverters are small inverters mounted directly under each panel on the
roof. Mircoinverters are extremely appealing, as they come standard with very
elaborate, computer‐based monitoring systems that are not available with the wall‐
mounted inverters (although wall‐mounted inverters will have to upgrade to have this
feature).
o For example, in some wall‐mounted units, the appraiser can tap the front panel to
backlight the display screen. With each additional tap, the screen will cycle through the
information that is available on the system. In this way the appraiser can see how large
of a system this inverter services, how much energy it has produced today, how much
energy it has produced over a lifetime, and other performance measures.. If there is
more than one inverter, the appraiser should tap through the screen on each system
and add all the output figures together to determine what the entire PV system is
generating. The lifetime number of kWhs produced would be good information to
compare to the figures generated when using the PV Value tool (which will be discussed
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later in this report). If the numbers are radically different, something may not be
functioning correctly in the system.



What is the age of the inverter(s)?
o Typically, the appraiser will need to ask the homeowner how old the inverter is. If this
information is not available, the appraiser can reasonably estimate the age of the
inverter if s/he has access to the permit information. Since an inverter is warranted for
10 years (and most microinverters are warranted for 25 years), it is typically acceptable
for the appraiser to assume the inverter is the same age as the PV panels if the entire
system is less than 10 years old.
o It is typical for the inverters to have shorter warranty periods than the panels. The
inverters have many electrical components (which do wear out) and do most of the
“heavy lifting” when it comes to inverting DC to AC. It is reasonable to expect that this
component will not last nearly as long as the panels do. The age of the inverter is
important because the cost to replace one figures into the value of the income stream
when using the PV Value tool.



What rebates/incentives are associated with the system?
o Rebates and incentives are taken into consideration when developing the current costs
as of the effective date of the appraised value. Therefore, regardless of what the
incentives were at the time the system was installed, the appraiser should be
researching what the rebates and incentives are as of the effective date of the appraisal.
Current incentive information can be obtained at www.dsireusa.org.
o If working on an appraisal with a retroactive value, this information is not always
available. While www.dsireusa.org has current incentive data, it was not possible to
locate retroactive incentive data (i.e. dates and specific details). All of the case studies
have different effective dates, being the dates each property closed and sold. It was not
possible to know the exact incentives available for each effective date. This was a
limitation of the data available for this study.
o One exception is in the case of Performance Based Incentives (PBIs). If a system has
PBIs, those figures should be the exact rebate amount associated with the system and
not the PBI’s available as of the effective date of the appraisal. PBIs create income and
are not just a one‐time rebate or one‐time incentive.



What utility savings are realized by the homeowner?
o While different homeowners use electricity at varying levels, utility savings were still a data
point that was often mentioned by real estate agents and builders. Xcel Energy’s utility costs
for individual homeowners are not public information in Colorado, and, as a result, the only
way to obtain this information is by contacting the homeowner or listing agent who may be
able to disclose it.
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While useful information, the actual dollar amount saved is not a necessary piece of
information an appraiser needs in order to calculate the potential value of a PV system. The
information, did, however, prove to be a data piece that provided insight into the minds of
market participants. After many interviews with agents, it was clear that many buyers took
the utility savings amount into account when looking at their monthly expenses associated
with owning a home. Often, homebuyers used the past homeowners bills to estimate how
much money they would save per month, even if, in reality, the homeowner and the
homebuyer would likely use electricity at different rates.
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How Long Do PV systems Last?
PV panels degenerate at a very slow rate over time.
Currently, most manufacturer performance warranties for PV panels average 25 years51. Does this mean
the PV panels will be fully degraded in 25 years’ time? No. These warranties guarantee that the PV
system will be operating with at least 80% productivity after 25 years. In conclusion, while the panels
degenerate, they actually degenerate at a very slow rate. Thus, the manufacturer warranty is typically
not a good indicator of the actual physical life expectancy of PV panels.
So how long do they actually last? According to one delightful quote from Joel Davidson52, a PV installer:
“A PV cell is a rock53 that makes electricity. Unless something corrodes the electrical contacts, it will still
keep working.” Since there are no moving parts in a PV system, there is a general expectation that the
panels will last longer than 25 years.
However, since most PV panel systems today were built in the last 10 years; they have not been in
service long enough to determine what their actual, physical lifespan will be. One interesting study from
2010 featured a homeowner testing his 30 year old Arco Solar 33‐watt PV Panel. After 30 years, the
panel was still performing to factory specifications and had minimal degradation. One additional study
found that after 20 years, a 10kW PV system (comprised of 37 watt panels) had degenerated only .2%
each year between 1983 and 200254. In fact, it is reasonable to assume the panels will continue to make
electricity for at least 50 years.
However, insufficient time has passed to conclude the precise known physical lifespan of PV panels.
Even so, the actual physical life of the PV panels is not relevant for appraising purposes. Appraisers are
concerned with how long a PV system is considered to be useful especially if the useful life is much
shorter than the expected physical life. For the purposes of this study, an estimated useful lifespan
estimate of 25 years is used (this is the warranty period of the panels themselves). This is because
technology is ever changing, especially with regard to electrical equipment. What may be considered
efficient and adequate today, most likely will not be in 25 years.
The 25‐ year estimated useful lifespan, however, only applies to the panels. As noted, inverters typically
have a shorter expected lifespan. The wall‐mounted inverter typically has a warranty life of 10 to 15
years (but may last up to 20 years). Some microinverters have warranties offered up to 25 years. As a
result, over the span of 25 years, the homeowner may need to replace the inverter once, but not need
to replace the panels. In conclusion, it is reasonable to conclude the physical life of the PV systems can

51

As per www.canadiansolar.com, the following manufactures have 25 year warranties: Suntech, First Solar, Sharp, Yingil, Trina,
Canandian Solar, Hanwah Solarone, Sunpower, REC Solar and Solarworld.
52
As taken from the article Musings of an Energy Nerd, by Martin Holladay, May 2010
53
The silicon in the solar panels is derived from sand, thus, his reference to a PV cell being a “rock”.
54
CAT Information Service, How Long do Solar Electric PV panels last?, published date unknown
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be at least 25 years and should be extended to 50 years, while their useful life55 is typically considered
to be 25 years.
At the end of 25 years of useful life of the PV system, it is probable that the home will require a new
roof. At this point in time, given that technology will have advanced, it is likely that most homeowners
would opt to install a new PV system, which would likely have an increased productivity level, rather
than reinstall the old one on the new roof , assuming the homeowners wish to continue to have a PV
system56.

What Sizes Are Available for PV Systems?
For residential properties, systems tend to range from 2 kW to 10 kW. A kW is an instantaneous power
rating, which refers to the potential power that the system is capable of producing at any one given
moment. Therefore, a 2 kW system does not produce 2 kWs of electricity all the time, it only produces
that amount under certain conditions.
There is often considerable confusion regarding the terms “kilowatt” and “kilowatt hour.” A watt is a
unit of electrical energy, as determined by James Watt in 1889. A kilowatt (kW) is equal to 1,000 watts.
As described above, the watt and the kilowatt are measurements of instantaneous power. When one
flips a light switch, the power required to power the bulb instantaneously is the wattage. In the case of a
60‐watt light bulb, turning on the bulb requires 60 watts of electricity. For a 1,000 watt (1 kW) space
heater, the instantaneous demand is 1 kW. In the same way, a 2 kW solar system is capable of producing
2,000 watts of energy instantaneously.
When a time component is added, the watt hour and the kilowatt hour(kWh) come into play. If the 60‐
watt light bulb remains on for five hours, it will consume 300 watt hours (i.e. 60‐watts X 5 hours = 300
watt hours). In the same way, a 2 kW solar system is capable of producing 10,000 watt‐hours (10 kWhs)
in that same five hour period (i.e. 2000 watts X 5 hours =10,000 watt hours = 10 kWhs).
While the potential of a solar system is measured in kilowatts (kW), the production of a PV system is
measured in kWhs. Our energy consumption is also measured and billed by our utility company in kWhs.
Thus, every 2 kW PV system can potentially produce different amounts of electricity, based on many
different factors (for example, weather, location and tilt towards the sun). However, while it is true that

55

“Physical life” is how long a component of a property will physically last, “Useful life” is how long a property component is
expected to perform the function it was designed for (based on changing technologies, etc.). A PV may be able to physically last
50 years, but the owner might only be planning to use it for 25 years, than get a new system with the latest features.
56
As per Whitney Painter, photovoltaic installer: “As fossil fuel availability decreases and the cost of these fuels increase,
experts predict that electricity will become a very valuable commodity in 25 years. This supposition is based on today’s cost of
electricity, but given the statistically projected increase in fossil fuel costs, we can expect that any device capable of generating
free electricity will be valuable 25 years from now, rather than landfill fodder.”
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each system produces a different amount of electricity, there are some general statements that can be
made about how much electricity is produced by PV systems in the study market‐area.
Given the current cost of energy and the average number of peak sun hours per day57, agents
interviewed for this study generally indicated a perceived savings (if averaged over the course of a year)
of around $30 per month for a 2‐ to 4 kW system, $60 per month for a 5‐to 6 kW system and around
$110 per month for a 10 kW system. These figures are a very loose correlation to individual PV systems,
but assist in understanding how much the PV system can contribute to a household. These figures are
based on the average current utility costs of $0.11 per kWh for residential properties in the Denver
metro area.
In the study area, the average household can meet all of its electricity demands with a 5 kW to 6 kW
solar system. While many homes do have 10 kW systems, this is not the average size for a homeowner.
A 10 kW solar system typically generates an average of 1,300 kWhs per month. The typical household in
the study area only consumes about 711 kWhs per month. Thus, a 10kW system is typically above the
average for what is needed in this market area.

57

A Peak Sun Hour is the maximum solar irradiance available at a particular location on a clear day. The market area used in this
study averages around 5 hours per day for the year.
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Concerns about PV Systems in General
Energy Costs to Build and Instal
One concern noted by potential buyers of PV systems was about whether the system required more
energy to manufacture and install, compared to the savings they would generate during a useful
lifetime. This was not found to be the case. In the Boulder area, one source stated that the average time
it took for the PV system to produce as much energy as it took to build the system, was approximately 3
years58. Another source (NREL) stated that this time period actually varied by manufacturer, and that
some manufacturers had time periods as low as 18 months. In conclusion, this was an unfounded
concern.
Appearance
Newer PV systems in this market area lay parallel to the roof. It is not typical for the systems in this area
to be on tilt bars (since Colorado homes typically have 4/12 or 5/12 pitched roofs). Thus, in the more
than 100 interviews conducted for this study, only one party cited concerns about the PV system having
a negative appearance. All other parties had either no negative concerns about its appearance or felt it
was a positive feature because it gave them visible “bragging rights” (i.e. the system offered a way for
the homeowner to be identified as someone with environmental concerns or energy conservation
concerns). In other words, a visible PV system is a way to communicate something about your beliefs
(kind of like driving a fuel‐efficient vehicle that the neighbors will notice) without having to directly state
them. Also, the panels currently being produced do have a very sleek and modern look to them (as this
was something several real estate agents commented on).
In conclusion, PV panels under 10 years of age are felt to be generally visually appealing in this market
area. However, this should be tracked over time to see if attitudes change about the appearance of
today’s PV panels as new technologies and profiles become available.

Maintenance & Repair Costs
Minimal maintenance is required on a PV system. Typical maintenance includes: trimming any trees that
may grow and cause shading over the years, periodically washing the panels with de‐ionized water
(though, in the Colorado climate it is unnecessary to wash the panels)59, dealing with any bird nesting
under the panels and/or repairing wires if animals chew on them. No other maintenance is expected if
the system performs as designed, though failure of a module or inverter can occur and wiring issues can
occur if not installed properly.
58

Per the two data sources: www.appropedia.org, LCA of silicon PV panels and Application of Life‐cycle Energy Analysis to
Photovoltaic Module Design, by John Wiley and Sons, Ltd, 1997.
59
Buglet Solar Installations has studied this extensively and monitored the results of washing panels vs. allowing precipitation
to take care of it. No measureable difference in production was noted.
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With regard to costs, the owner can expect to replace a central inverter once every 10‐ to 15 years or so
(this cost varies by inverter type and size, though some estimates are between $998.75 (for a 2.0 kW
inverter60) and $2,952 (for a 4.8 kW inverter61). Like other electrical equipment, these costs are expected
to decrease over time. By the time today’s newly installed solar systems require inverter replacement,
these costs are expected to be lower.
The only other anticipated cost would occur if the owner had to remove the panels to replace the roof.
This will vary by job difficulty and system size, but currently averages around $2,50062. If roof
replacement occurs as part of an insurance claim for hail or other damage to the roofing material, the
cost of removing and reinstalling the solar system generally is covered by homeowners insurance
(assuming the panels are owned and not leased. If they are leased, the lease will spell out what will be
done in this circumstance). One side note: If the panels are removed for any other reason, the removal
will result in damage to the roof (by leaving penetrations in the roofing material). The roof can then be
patched, or at the option of the homeowner, replaced.
Even though maintenance costs are extremely minimal, numerous real estate agents interviewed for
this study stated that potential buyers often had concerns about maintenance costs. The real estate
agents who stated this concern could be divided into two groups: (1) those who went on to educate the
potential buyers about maintenance costs and (2) those who did not understand maintenance costs
themselves. In the first group, they were careful to state that upon education, these fears and concerns
were typically eliminated. In the second group, they went on to note that in several instances, the
potential buyers decided not to purchase the property.
Therefore, the conclusion can be drawn that educating potential buyers had somewhere between a
neutral and a positive impact on the buying experience and NOT educating the buyers about
maintenance costs had a negative impact on the buying experience.

How Much Energy They Produce
Energy production is not a constant. The amount of energy each PV system will produce and save will
vary by system size, location, weather, tilt towards the sun, age, azimuth, type of panels, and other
factors. Also, every homeowner uses electricity differently. What is adequate for one family may not be
adequate for another family.
It was noted in this study that if listing agents of properties with PV made an effort to disclose the utility
bills associated with the property, this had varying degrees of impact. The agents often reported this
was a large selling point when the utility bills were very small (i.e. less than $50 a month on average). If,
60

PV Powered PVP2000‐SD‐240 2.0 kW Inverter cost as of April, 2013
PV Powered PVP4800‐SD‐240 4.8 kW Inverter cost as of April, 2013
62
Per Whitney Painter of Buglet Solar, this is the estimated cost to remove and replace the PV system as of April, 2013.
61
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on the other hand, the utility bills only reflected a minor reduction in average monthly costs (say, a
yearly average savings of $30 per month), then buyers tended to place a very small emphasis on the
added benefits of having the PV system. The survey of listing agents suggests buyers do care about
utility costs, and this suggests the income approach is an applicable approach to value.

How Much Electricity Most People Uuse
Energy usage varies from property to property and from one owner to another. Despite the common
assumption that a certain square footage home requires a certain amount of electricity, electricity usage
is dependent upon behavior rather than building size.
That said, Xcel Energy states an average single‐family residence uses between 700 and 1000 kWh per
month63 in this market area (while census data states the average usage is 711 kWh per month). In this
market area, utility information on individual households is not public information, thus, without a
homeowner’s consent, it is not possible to obtain specific utility information for specific homes. This
information, however, would be very useful for appraisers in order to compare one property’s energy
costs to another. Ideally, sellers could give consent for buyers to click a “green energy button” on the
utility website showing all relevant energy data pertaining to the property being researched.
When utility information is not available to the appraiser, one alternative to estimating utility costs for a
specific house is to access the following website: www.hesprolbl.gov . This website allows the user to
input the address of a specific property as well as specific information regarding the structure for that
specific property, and estimate the probable energy usage expected for that home. The more specific
information that is known about a property, the more accurate the estimate will be. When comparing
the figures generated to actual energy usage, it did vary a fair amount, but again, this is mainly because
people use energy‐ houses do not. Computer software cannot exactly know each homeowner’s energy
usage habits. Therefore, the information from this web site served only as a very broad data‐point for
the case studies noted herein.
For illustrative purposes only, permission was obtained to disclose the energy usage for one household
in the study area over the past year. This one household consists of two adults and one minor child. The
occupants have no particular energy‐efficient practices in place, noPV system and no Energy Star
appliances. The information for their property is noted on the following pages:

63

Guide to Home Energy Savings, Xcel Energy
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Benchmark property location: Broomfield, Co 80020
Year Built:
Assessed Value:
Above Grade Sq.ft.:
Bed Count:
Basement Sq.ft.:
Heating Type:
Furnace:
Air Leakage in home:

Insulation:

1993
$346,530
2554
4 plus study
1304
Gas Forced Air
19 years old, 80% operating
efficiency
19% of heating and cooling
energy is lost through
leakage
Ceiling: R34
Walls: R7
Floor: R0

Style/Type:
Quality of Construction:
Garage Type:
Bath Count
Basement finish:
Cooling type:
Air Conditioner:
Appliances:

Hot water heater:

Two Story/Tract home
Average to Good
3 car tandem, built‐in
2.5
Unfinished
Air Conditioning
16 years old, 4.0 ton
10 seer
dryer, washer, refrigerator
and dishwasher
19 years old
53% energy efficient

Energy Usage by current homeowner (electricity only)
Time Period Kwh Usage/Month Avg. Daily Temperature Cost
January 2012
February 2012
March 2012
April
May
June
July
August
September
October 2012
November 2012
December 2012
TOTAL per YEAR

1167
948
907
740
519
603
1078
1554
1331
1056
652
725
11,280 Kwh

31 degrees
39 degrees
31 degrees
48 degrees
55 degrees
59 degrees
72 degrees
78 degrees
74 degrees
71 degrees
54 degrees
46 degrees

$126.49
$98.06
$93.25
$77.44
$56.20
$65.74
$136.35
$214.93
$188.10
$139.96
$75.64
$82.14
$1,354.30

In conclusion, this particular homeowner averages about1000 kWh per month for an average cost of
about $112 per month, or $0.12 per kW (this figure includes summer tiered rates of $0.15 per kWh
above 500 kWhs of usage, taxes and fees).
How would a solar PV system impact the electric utility billing of the above property? For an answer to
this question, the following information was provided (all figures are from Buglet Solar Electric
Installation, with exception of the Present Value of Future Energy Production based on my inputs into
the PV Value application):
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SAMPLE PV SYSTEM FOR BENCHMARK PROPERTY (to offset 100% of utility costs)
SYSTEM SPECIFICTIONS (30 LG Electronics 230 watt‐panels, SMA inverter)
Peak System Capacity
Estimated Energy Production
Guaranteed payment from Xcel for all energy produced (“PBI”64)

7.8 kW
11,400 kWh per year
$0.09 per kWh generated for the first 10 years

FINANCIAL SUMMARY
Panels (25 year warranty)
Inverter (10 year warranty)
Racks
Other materials, Structural Report, Building Permit fee, Xcel
Energy Fee, Shipping
Labor

$9,750
$3,720
$3,900
$2,260

TOTAL
Estimated Federal Tax Credit
TOTAL cost after Federal Tax Credit

$25,730 (plus sales tax)
‐$7,719
$18,011 (plus sales tax)

$6,100

MONETARY BENEFITS SUMMARY (“PBI”)
Estimated Annual Payments from Xcel (per PV Value)

Present Value** of Annual Payments from Xcel

YEAR
1
2
3
4
5
$7,582.01

PAYMENT
$948.92
$907.05
$867.01
$828.71
$792.09

YEAR
6
7
8
9
10

PAYMENT
$757.06
$723.57
$691.53
$660.90
$631.61

Present Value** of Future Energy (per PV Value)65
Present Value of Future Energy (energy generated over the
next 25 years)

$18,602.32

**NOTE to commercial appraisers: The present value being calculated here is not your typical present value calculation; please
visit the section of this study that describes in detail what the PV Value tool is, how it is used in this study and how to use it to
calculate a present value figure relating to energy production.

64

PBI stands for “Performance Based Incentive”
Figures used to generate value estimates were: 3.59% discount rate (current Fannie Mae lending rate), 125 basis points
(market derived average), $0.09 utility rate (current PBI offered by Xcel). This is for a net metering system with 10 years of
guaranteed PBI payments.
PRESENT VALUE vs. NET PRESENT VALUE: Present value is the result of discounting future amounts to the present. For example,
a cash amount of $10,000 received at the end of 5 years will have a present value of $6,210 if the future amount is discounted
at 10% compounded annually. Net present value is the present value of the cash inflows minus the present value of the cash
outflows. In relation to this study, net present value is used as a feasibility tool and is most often used by investors to determine
if purchasing an item will meet their goals.
PRESENT VALUE vs. MARKET VALUE: See Appendix C for the definition of Market Value. Present Value is the “The current worth
of a future sum of money or stream of cash flows given a specified rate of return.” In other words, market value is what the
market will pay (as of a specific date) and the present value is the perceived worth (but not necessarily what the market will
pay). In relation to this study, the market value considers the present value of the energy produced.

65
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Average Net Present Value
Total cost (after incentive): $25,730 ‐ $7,719 =
Present Value of Future Energy
Monetary Benefits of PBI:
Total Cost PLUS Present Value of Energy & PBI Payments (not
including sales tax):

$18,011 (plus sales tax)
$18,602.32
$7,582.01
(‐$18,011) + $18,602.32 + $7,582.01 =
$8,173 net present value

Since this is a 7.8 kW system, the current net present value
per kW is $8,173/7.8 kW=

$1,047 per kW

The above example is provided to help the appraiser understand exactly what types of costs and
benefits are associated with a PV system. The net present value is not the appraised value of the system.
The appraised market value will be developed by the market area’s reaction to the system in terms of
the amount paid for the real estate.
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The Monetary Value of the PV System
When homeowners decide to purchase a PV system, they will typically take into consideration three
things (listed in no particular order):
1) How much the PV system will contribute to the value of their home.
2) How long it will take to realize a payback66 on their investment.
3) How much money they will save per month in utility costs
Concerns (1), (2) and (3) are typically the concerns of those who purchase PV systems and install them
on their homes, while those who buy homes with PV systems already installed on them; typically only
take (1) and (3) into consideration (these justify using the income approach since buyers are considering
money saved by producing their own energy).
CONCERN 1: How much the PV system will contribute to the market value of their home
This case study demonstrates there is not one answer to that question. Every answer is unique to both
the property being appraised, and the effective date of the appraisal. There will never be a set “formula”
for determining the contributory value of a PV system (as is true of virtually every feature in a home and
in every market area). Appraising is not a set formula. It is a continual interpretation of the actions of
market participants. Thus, the value contribution of one particular feature will continually evolve and
change with market demands. It must be noted that some features may hold a very stable value in one
market area and/or for one particular type of home, but a similar home in a different market area may
not realize the same contributory value of that feature. No feature contributes value in all
circumstances, and those features that do contribute value may contribute different values at different
times67.
Upon completing research for this study, it was noted that numerous PV installers market their PV
systems by including a statement about how much the PV system contributes to the value of a home.
These statements should typically not be given any weight for those who seek to understand how a PV
system would contribute to the market value68 of their property. Without a qualified and competent
appraiser (1) defining the word “value,” (2) disclosing an effective date for that value and (3) deriving an
opinion of contributory value by performing adequate market research, the “value” opinion has no
context or worth in relation to “market value.” Even so, this does provide further evidence that when
buyers are making decisions about purchasing PV systems from installers, they are mainly considering
the energy production (and utility savings), and the actual cost of the system.

66

This includes taking into consideration financial incentives realized through the Solar*Rewards program and the federal tax
credit on renewable energy systems.
67
“Time” being a loose reference to the passage of time. Some features may see their contributory value change in a matter of
weeks, others may not see their contributory value change for numerous years.
68
The definition of market value is contained in the appendix of this report.
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CONCERN 2: How long it will take to realize a payback on their investment
Return on investment (“ROI”) analyses are typically provided to the homeowners by installers of PV
systems. While installers do provide ROIs to the buyers of PV systems, the vast majority of homebuyers
looking to purchase residential homes do not run an ROI analysis. Thus, the appraiser should use the
methods the market itself uses to develop an opinion of market value for a particular property (or
feature).
To run an ROI analysis one would need to understand mortgage rates, current utility rates, utility
escalation rates, yearly rebates, Xcel’s two‐tiered billing rates in the summer months, what impacts the
energy production of the PV system, how large their PV system is, how much energy the owner expects
to use, how long the rebates last (and how to adjust the calculations once the rebates expire in 10
years), and how much degradation a PV system experiences every year. In other words: it is complex.
As an alternative, the appraiser (and the homeowner) can use the PV Value software application (a
valuation tool that will be discussed later in this report) to determine how long the payback period
would be.

CONCERN 3: How much money they will save per month in utility costs
This was probably the largest topic of discussion in this market area. There are many features about a PV
system that can be marketed, such as using renewable energy, decreasing the impact on non‐renewable
energy sources, social responsibility, low maintenance and providing electricity. Builders and real estate
agents continually remarked that while they could discuss all of these various features, only a few very
specific buyers were interested in these benefits. However, once it was pointed out to homebuyers that
they would be saving money on their utility bills, they were at full attention. Again, this supports the use
of the income approach as an applicable method for determining the market value of a PV system.
As discussed earlier, there was no need to provide homeowners withl elaborate calculations on the
precise and exact amount of money they could save every month. Rather, simple statements such as the
following were sufficient to satisfy most buyers:




“Utility bills are only $5 per month.”
“Homeowner saved nearly 50% on utility bills”
“Low, low energy bills.”

In addition, numerous listing agents stated that merely providing a summary sheet of the utility savings
that were realized in the last year was enough to spark a real interest in the PV system (and typically
resulted in the buyer wanting to know more details about maintenance, durability and other details).
This, again, is why the disclosure of PV system specifications is so important: the details of the PV system
will assist not only the appraisers, but also the homeowners and agents in marketing the property.
Education of the public was found to be very important with regards to the valuation of PV systems.
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In conclusion, this market area does appreciate a summary statement of energy saved, but is happy with
a loose understanding of how the system can generally help them save money. Given that the average
homeowner spends about $100 per month on electricity, it is easy to see that any savings on this bill
would be appreciated, but would not result in the need for the homebuyer to be assured of an exact
savings amount. In other words, a savings differential of $10‐$20 per month would not impact a typical
buyer’s purchasing decisions when it comes to buying a home (especially given that the average
homebuyer in this market area finances an average mortgage amount of over $220,00069). Just knowing
that a PV system saves homebuyers money in one of the three following groupings70: $20‐$30, $50‐$70,
or over $100 each month (on average) is sufficient information.

69

www.Lendingtree.com
These precise groupings are not market‐derived, they were just chosen for illustrative purposes. The market did not show a
preference for any precise dollar ranges, rather, they simple showed an interest in relative savings.

70
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Purchasing/Leasing a PV System
In the study’s market area, PV systems can be paid for either by an outright purchase of the system,
with a solar lease, or with a power purchase agreement(PPA). While the homes used for the case studies
in this report all have PV systems that are owned, it was important to describe some of the differences
between buying and leasing a PV system.
The exact terms and conditions of specific solar leases and PPA’s vary. Some of the general differences
are noted below.
Differences between a PV Purchase, Solar Lease and Power Purchase Agreement71
Purchase (this includes
Solar Lease
Power Purchase
financing the system with a
Agreement
Cost

home equity loan, etc.)
Pay in full upfront (or the
homeowner gets a loan from
a bank or financial
institution).

Pay a set monthly lease payment,
regardless of the amount of power
generated by the homeowners
system.

Homeowner agrees to buy
the power generated from
your system. The purchase
rate is typically defined per
watt produced, with an
annual escalation rate.

Some leases include a percentage
escalator over time, rather than
matching the lease payments
directly to the anticipated energy
costs.
At the beginning of the lease, the
fees typically are commensurate
with the amount of energy saved. If
energy costs increase, the monthly
lease payment does not increase.
This insulates against rising energy
costs.

n/a

Payment
escalation

n/a

Fees (other than
maintenance and
repair costs)

After the system is
purchased, there are no fees
(except maybe interest on
any applicable loan payment).

Loan Qualification

Varies. May not be applicable
if buyer is paying cash.
Homeowner does.

Must have an very high credit
rating (over 660)
The leasing company does.

Must have a very high credit
rating (over 660)
The PPA company does.

Homeowner keeps them.

The leasing company keeps them.

The PPA company keeps
them. Sometimes the
leasing company will allow
the homeowner to keep any
Solar Renewable Energy
Credits(REC’s). NOTE: IF
however, the PPA is
financed in part by Xcel

Who owns the
system
Incentive/Rebates

71

At the beginning of the PPA,
the fees typically are
commensurate with the
amount of energy saved.
The PPA features a
predictable escalator based
on the anticipated rate of
increasing energy costs and
thus, insulates the
homeowner against rising
energy costs.

While this specific table did not come from Energy Sage, Energy Sage does have a similar format and provides a much more
in‐depth discussion of the differences between a PPA, a lease and the purchase of a PV system. They can be found at
www.energysage.com/solar‐lease/lease‐ppa‐whats‐the‐difference
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How long the
agreement lasts

Maintenance &
Repairs
What you can do
when the
lease/PPA ends

There is no agreement.
Homeowner owns the
system. If, however, the
homeowner has an
agreement with Xcel, then
they must keep the system as
long as that agreement is in
place. After the agreement
ends, the homeowner can do
as they see fit with both the
72
system and the (RECs) ,
which revert to the owner of
the system at the end of the
20 years.
Homeowner pays for them.
Trade RECs on a carbon
trading market and continue
to generate free electricity in
perpetuity.

What to do when
selling house
before lease/PPA
expires

Nothing: there is no lease or
PPA.

Marketability

As will be demonstrated in
this study, owned PV systems
typically increased the
marketability of homes in the
study market‐area.

Typically 20 years. At the end of the
20 year agreement, the system
owner retains ownership of the
(RECs) associated with the system.
If the agreement is continued, the
RECs are owned by the lessor.

Energy’s Solar*Rewards
program, Xcel utilizes the
RECs associated with the
system for 20 years.
Typically 20 years. At the
end of the 20‐year
agreement, the system
owner retains ownership of
the RECs. If the agreement
is continued, the RECs are
owned by the PPA
company.

The leasing company pays for them.

The PPA company pays for
them.

Buy the system at the price stated
in the contract, or, have the leasing
company remove the system at no
cost, or, renew the lease. Typically,
the lease does not state the price
for the buy‐out at the end of the
term, rather, they often refer to the
“market value” of the system.
The lease will determine this.
Sometimes the homeowner can
purchase the system. Sometimes
the new homeowner can take over
the lease. Often the homeowner
ends up paying off the remaining
lease payments in order to sell the
home.

Buy the system at the price
stated in the contract, or,
have the PPA company
remove the system at no
cost, or, renew the
agreement.

There were many instances in
which the lender required the lease
to be paid off before closing.
Realtor’s mentioned many
instances in which the leases were
a “hassle”. If the homebuyer was to
assume the loan, the lease typically
required the purchaser to have a
credit rating over 660.

The PPA will determine this.
Sometimes the homeowner
can purchase the system.
Sometimes the new
homeowner can take over
the PPA. Often the
homeowner ends up paying
off the remaining terms of
the PPA in order to sell the
home.
Realtors typically did not
know the difference
between a PPA and a lease,
and, thus, reacted to PPA’s
the same why they reacted
to leases. See comments to
the left.

While there are differences between a purchase, a solar lease and a PPA, this market area did not
appear to distinguish between a system that was purchased outright and one that had either a PPA or a
solar lease. Rather, agents and homebuyers referred to the PV systems as being either “owned” or
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“leased.” The market, in other words, did distinguish a system as being owned or not, but it did not
distinguish between a solar lease and a PPA.
Based on feedback provided by agents, the leases (and PPA’) typically do not have the same positive
impact on value and marketability as PV systems that are owned. In many instances, agents commented
on the negative issues surrounding trying to sell a home with a lease. This was certainly not the case for
all home sales; however, it was the overriding observation. Note: for the purposes of this study, only PV
systems that were owned were studied; however, comments from agents regarding leased systems
were still sought out for general data and comparative purposes.
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PART 3: Appraisal Methods
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Introduction to Appraisal Methods
In this case study, various appraisal methods and tools were considered. Some were considered and
abandoned as not applicable to specific case studies, while others were considered relevant and
applicable. In order to understand which methods were considered, a summary presented below. Then,
in the case study section, an explanation will be given as to which methods and appraisal tools worked
for which case study.

MLS Listings
MLS listings were the very first place data was researched. The MLS listings provided a clear
framework for how many properties were available to study and how the market was talking
about and perceiving PV systems. This appraisal database was invaluable and was considered to
be a key element to understanding the overall impact of PV systems on marketability and value.
The minor negative with the local MLS systems was the infrequent use by real estate agents of
the Green MLS fields (which made it difficult to locate which properties did or did not have PV
systems). Over time, if PV systems gain importance in the market area, it is assumed that area
real estate agents will use these Green MLS fields to disclose whether or not a property has a PV
system, and a separate field will disclose the size of the system. It should become easier over
time to gather PV data, but this study, it proved very time consuming just to find properties that
had PV systems. Even so, the MLS was an invaluable resource for these case studies.

Interviews with Real Estate Agents
To conduct this study, attempts were made to reach nearly 200 real estate agents for their
feedback and input. Of those 200, nearly 70% responded. This, then, proved to be one of the
most fruitful and useful research tools. The listing and selling agents provided extremely useful
feedback and information. This is a highly recommended appraisal tool that proved to be one of
the backbones of the entire study.
The only weakness in this approach is that the conversations were not the result of formal
interviews. Rather, they were free‐flowing discussions. As a result, information was more fluid
and answers to posed questions were not always straight‐forward and easily categorized. Thus,
it was necessary to sometimes make inferences about what each real estate agent was saying.
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Homeowner Surveys
With cooperation from the Colorado Energy Office, a survey was written and sent to just under
40 homeowners who purchased homes with PV systems (both leased and owned). A copy of
that survey is contained in Appendix D. Seven of these surveys were returned.
Most appraisers will probably not have the time to conduct formal surveys; however, the survey
questions can serve as a general guide when appraisers are interviewing homeowners during
the inspection phase of the appraisal.
A drawback of the survey process was that most surveys were not returned. Those that were
returned were done so anonymously and thus, could not be tied directly to a specific property.
This was by design as the goal was to maintain the homeowner’s privacy. While only seven
surveys were returned, they provided excellent insight into the overall mindset of buyers who
purchased homes with PV systems installed on them.
A summary of those three surveys is provided below:















Five indicated the PV system was a positive feature. Two indicated the PV system was
“between a neutral and a positive” feature.
With regard to how important the PV system was, the following 7 responses were
received:
“It was important”
“It was moderately important”
“It was a plus”
“It was a plus”
“It was pretty important”
“Not very important‐ I wanted one but
the lease made me nervous”
“Nice to have but not of high
importance”
All liked that the system was energy efficient and saved them money. Several
mentioned they liked having a smaller carbon footprint and/or that the system is “Green
Energy.”
The only negative comments came from one party who “wished it generated more
power” and from another party who stated s/he were “concerned it covered all but one
attic vent.”
Two parties liked the system more than they had when they purchased the home; the
other five liked it the same as when they purchased the home; no one liked it less than
when they bought the home.
Five felt the system added monetary value to the home, while the other two felt that
because they had a leased system, no value was added.
Five felt they would look for a home with a PV system when they went to buy their next
house. The remaining two had leased systems and would either look for a system that
was not leased, or did not place a high importance on having one.
Only one party knew the size of their PV system.
Six felt the PV system positively influenced their decision to buy the house.
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Two parties felt they could afford a larger mortgage because they saved on utility bills
(these parties had systems that covered at least half of their electric bills). The other
parties did not feel they could afford a larger mortgage because they saved on utility
bills (these other parties had much smaller systems that saved only about $20 to $50
per month).
Each of the respondents marked which home features were MORE, LESS or of EQUAL
importance to having a PV system. Those responses are tallied below73:

Location
View
Updating
Garage
(size)
Fireplace
Number of
bedrooms

Number of
bathrooms
Condition
of home
Den/Study
Formal
Dining
Room
Instant hot
water
Appliances

Heating
system
(type and
age)
Landscaping

MORE
LESS






EQUAL

















 

MORE





LESS





EQUAL




















Size of lot







Big kitchen
Architectural
Details of the
house
Newer windows


































School
Deck/Patio/Porch
Price
Square Footage
of home
Basement
Basement
features
(finished,
walkout, etc.)
Energy Efficiency



























Flooring material
(carpet, wood,
etc.)
Air conditioning







Green Features

In summary, the following features clearly had a higher value to homeowners than having a PV
system:
Location
Number of Bedrooms
Number of Bathrooms

Price
Square footage of home
Basement

Architectural details of home
Basement features
Big Kitchen

In summary, the following features clearly had a lower value to homeowners than having a PV
system:
Fireplace

73

Formal Dining

Some responses only add up to less than 7. This is because not every respondent filled out every section of the survey.
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In summary, the following features had a mixed level of importance to homeowners as
compared to having a PV system:
View
Updating
Garage

Instant Hot
Water
Appliances
Landscaping

School

Newer windows

Deck
Size of lot

Flooring material
Air conditioning

While a sample size of seven is not enough to place any relevance on the survey’s findings, the appraiser
should keep the above research points in mind when developing the value opinion for a PV system.

The Residential Green and Energy Efficient Addendum
The Residential Green and Energy Efficient Addendum was designed mainly by Sandra K.
Adomatis, SRA, LEED GA in cooperation with the Appraisal Institute and other market
participants. This is a very useful reporting tool to convey facts not only about green features,
but, also about the specific PV system a homeowner has. The addendum, however, was not able
to be utilized for this study. This form is designed for anyone with knowledge of the PV system
to fill out and disclose the relevant green and energy‐efficient features of their particular home.
Since contact with homeowners or persons in possession of the necessary knowledge about the
PV system was minimal for this study, it was not feasible to use the addendum for this study.
In most circumstances, the Residential Green and Energy Efficient Addendum will be a useful
way for appraisers to collect PV data pertaining to the home they are appraising. The form will
not, however, typically be able to be utilized when trying to collect the PV specific data for a
comparable sale unless, for example, the filled out form is attached to the MLS listing in some
way.

PV Value® (Using The Income Approach)
PV Value is an appraisal tool that is new to most residential appraisers and is explained in detail
below.
Beyond the social benefits of having a PV system (such as decreasing the nation’s dependence
on oil, coal, and natural gas; and reusing renewable energy sources) an operable PV system will
save a homeowner money by reducing his/her out of pocket utility costs.
In a way, owning a PV system is like having an income‐producing asset (without having to do
anything). The sun comes up, the PV system turns sunlight into energy, and you get to use the
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income from that energy tax‐free. As a result, you don’t have to pay someone else (the utility
company) to use their energy74. Since, since you do not have to pay for some (or all) of your
electricity costs, you can now allocate that money to something else. For the purposes of
appraising, generating electricity to offset electric utility bills is considered income.
Some residential market‐areas place value on this future income. If there is an understanding
that PV systems generate income over time, market area homeowners may be willing to pay
one fee now for the right to own the asset and collect all of the future income.
So how does an appraiser develop a value opinion for this income stream?
Research was done to determine which methods the defined market area was using to calculate
the value of this “income” stream. After speaking with many area builders, consulting PV
installer websites, talking to real estate agents and having a few discussions with homeowners,
one thing became clear: buyers either did not make any specific mathematical calculations, or, if
they did, they were typically using incomplete (or inaccurate) methods. A typical flaw in the vast
majority of these calculations was that they were generally too simplistic, and did not
adequately account for all the variables that go into estimating energy production. Thus, the
market itself is trying to mathematically calculate the present value of this future income‐ it just
does not know how. The above information builds a case supporting the use of the discount
cash flow method (which is what PV Value utilizes).
Herein lies the dilemma: the appraiser’s job is to use only appraisal methods that reflect how
the market is developing the value of the income but the market has not figured out how to
make these calculations. While there are many financial analysis methods available to calculate
the value of an asset and its corresponding income stream (such as Internal Rate of Return,
Modified Internal Rate of Return, Simple Payback, Modified Payback or,, Return on Investment),
these are tools which are not typically used for residential appraising because they do not
reflect how residential purchasers make value decisions. Thus, applying appraisal methods that
are usually used only for commercial appraisal would not be a reflection of the market.
But what if the market is attempting to use math to figure out the value of the income, but
hasn’t determined how to do that yet? What if the market needs guidance? What solution(s)
does the appraiser have?
One suggested solution is to ask the experts. The experts, in this case, are Jamie L. Johnson of
Energy Sense Finance, Geoffrey T. Klise of Sandia National Laboratories and Sandra K. Adomatis,
SRA, LEED GA of Adomatis Appraisal Services. Sandra K. Adomatis is a nationally known expert
on appraising properties with green features ,such as those with PV systems, and was

74

In some instances, certain PV systems have signed agreements with their utility companies where the utility company will pay
you for every kWh your PV system produces (even if you use the energy yourself). So there is also the potential for an even
greater income). Often, homeowners will need to pay taxes on this income.
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instrumental in suggesting Geoffrey Klise and Jamie Johnson work to create an appraisal
valuation tool for PV systems.
Jamie Johnson has a background in mortgage banking and asset management and initially
developed an algorithm that uses the income approach to estimate the value of the income a PV
system will produce. Geoff Klise from Sandia Labs worked to bring the algorithm into a proof of
concept spreadsheet known as “PV Value,” which can be used anywhere in the U.S. by
appraisers to aid in developing an opinion of value for a PV system75.
This Excel spreadsheet is USPAP‐compliant and follows the Income Capitalization Approach to
provide an appraisal range of value estimate for a specific PV system. To summarize what the
tool is meant to accomplish, the following quote was taken from the user manual available for
download from the website: “[One way to find an indication of value for a PV system is to use]
the income capitalization approach, which considers the present value of projected future energy
production along with the estimated operating income and maintenance costs that are
anticipated to occur during the PV module power production warranty timeframe.” In other
words, the value of this income stream is related to the system’s energy production, existing
electricity rate, utility escalation rates, discount rates, the operating and maintenance expenses
over the remainder of its useful life. This tool is available for free at www.pvvalue.com and is
proving to be very promising as a reasonable and reliable way to estimate the present value of
the future energy production of a particular PV system.
Above all other income approach tools available to the appraiser, this is currently one of the
better solutions offered for how to value the income of the PV system, as it accounts for all
probable variables in a simple and easy‐to‐use format. Since this is a newer tool and most
market participants are not aware of its existence, the market is just beginning to utilize it. As it
becomes better known, the belief is that it will provide one of the more well understood income
approach methods available to appraisers looking to properly value the energy produced by a
PV system.
PV Value was utilized for this study and its relevance and applicability to each individual case
study is disclosed within each case study. For that reason, it is necessary to discuss PV Value®
since it proved to be a potentially applicable appraisal tool.

75

www.pvvalue.com

P a g e | 85
Due to the sophistication of the tool, PV Value should only be utilized by appraisers who have taken
time to:




Understand how PV systems operate.
Study the user manual and understand how the tool works (and how to apply it).
Understand discounted cash flow valuation method76.

Additionally, a word of caution when using PV Value: the tool can be very useful but can also be
misleading if used incorrectly (this is true of any appraiser tool and not just of the PV Value tool).
While the tool does identify a total future benefit of energy produced: it is only the appraiser (and
not the PV Value tool) who can decide how much of that benefit will actually be paid by a buyer.
Simply inputting data into PV Value will not be sufficient. PV Value will produce a credible
calculation but the appraiser still needs to interpret what the calculation means. The relevance and
applicability of that calculation can only be determined from the market.
Due to the many inputs necessary for developing the present value of future energy production, it
will take practice and study to learn‐ especially for the residential appraisers who are not familiar
with the discounted cash flow aspects of the income approach. One way for the appraiser to work
towards competency in valuing PV systems is to consider taking the Appraisal Institute two‐day
course titled, “Residential and Commercial Valuation of Solar PV.” This course provides assistance in
understanding these three components. A summary of these three requirements is outlined below.

1) Understanding How PV Systems Operate.
This has already been covered in detail in another section at the beginning of this study. The
appraiser should study that section to know what to look for in a PV system. However, this study
alone is not sufficient to provide the required knowledge of PV systems. Appraisers are strongly
encouraged to take a solar PV valuation course.

2) Study the User Manual and Understand How the Tool Works.
Studying the user manual is a necessity as it explains why certain information about the PV system is
important. It is beyond the scope of this study to explain the manual. However, there are a few new
terms in the PV Value tool that merit further discussion with reference to other areas of this study.
These few things will be explained below:
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Derate factor: A derate factor as applied to a solar PV system, encapsulates the many losses
that occur from converting photons from the sun into AC electrical energy that is produced

As required by USPAP.
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by the PV system. The PV Value tool uses a default derate factor of 0.7777, which is directly
taken from PV Watts78. To fully understand why the derate factor is 0.77 and why the
appraiser will have to support the need to overwrite this value from time to time (either
from existing documentation on the PV system or from a certified PV installer), please refer
to http://rredc.nrel.gov/solar/calculator/pvwatts/version1. As used in PV Value, the derate
factor should take shading into account. So if a tree that doesn’t currently shade the PV
system, ends up creating shade in 10 years, the derate factor will have to be adjusted
accordingly (downwards) to account for this future energy loss.
For the purposes of this study, it was necessary to assume the derate factor was 0.77 for
each case study (since each property was not visited). While this is a reasonable derate
factor to use, if this factor were to be higher or lower than what the PV performance
indicates, this could alter the conclusions and opinions reached in this study.
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Module Degradation Rate: The PV system will degrade slowly over time. So for every year
of life of a PV system, the amount of energy it produces decreases. The factor used by PV
Value reflects a factor of 0.5% for an annual degradation rate. This degradation rate is the
most common degradation rate for crystalline systems, and not thin film. If an appraiser is
evaluating a thin film system, the degradation rate can be closer to 1% or more per year.
Thus, the degradation rate of 0.5% is typically acceptable, unless the appraiser has more
specific information about his/her particular system. This degradation rate will decrease the
amount of energy production, which reduces the energy value in the present value
calculation.



Historic Energy information: While PV Value does not ask the appraiser to have the historic
energy production data for the subject’s PV system, this is a good piece of information for
the appraiser to have. The appraiser can then compare the energy production amount that
is estimated by PV Value to its actual production rate. This data can help the appraiser
understand if the PV system is operating normally or not. For example, if the historical PV
energy production is 17,000 kWh over the past three years, and the PV Value estimates the
energy production at 23,000 kWh, the information that was input into PV Value should be
verified first, and then the system should be determined to be is underreporting or
underperforming. If the inverter was replaced two years ago under warranty, then the
replacement inverter may not show the previous kWh production prior to replacement,
causing it to underreport the kWhs produced.

In the Colorado climate, unshaded systems in the real world perform much more strongly than indicated by PV Watts’s
predications. Rather than the .77 derate factor, most systems in Colorado perform at about a .8 derate factor (per Whitney
Painter of Buglet Solar Installation). Since there was no data available for this study regarding the specific rerate factor of each
case study, a derate factor of .77 was used. This had no material impact on the calculations.
78
PV Watts® is available (for free) on the National Renewable Energy Laboratory website. It is beyond the scope of this study to
explain PV Watts®, thus the appraiser should visit the website for more information.
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Utility Rate: The utility rate is tied to the average residential electricity rate paid in that
particular service area. This information is not necessarily always current, but another
source of average utility rate data is available at www.openei.com. For the most recent
information, the appraiser should contact the local utility, or determine it from the
homeowner’s utility bill. The utility escalation rate is calculated based on a long term
average using a compound annual growth rate (CAGR). This represents the state‐wide
growth rate for all utilities, and should only be changed if long‐term utility‐specific data can
be gathered to calculate a CAGR with a period that matches the remaining warranty
lifetime. If positive, the escalation rate has a positive influence on the value of the PV
system, as the utility rate increased using the CAGR in each year of calculation.



Operating and Maintenance: The only real operating and maintenance costs of significance
are associated with the need to replace the inverter. Other operating expenses include
trimming trees and washing the panels, both of which are extremely minimal expenses for
homeowners. Inverters are currently typically warranted for 15 years. Operating and
maintenance inputs in PV Value reflect an inverter replacement at 15 years. These costs
reduce the value of the PV system.
For the purposes of this study, it was necessary to make the assumption that the system
was operating normally and at its expected capacity. It was necessary to make this
assumption because this information was not available during the course of this study. If
this assumption were to be incorrect, the conclusions and opinions reached in this study
could be altered.
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Other items of note‐ When observing the PV system, the appraiser should note the
condition of the system, the underlying roof condition and the presence of any shading. All
of these items will impact the value developed using the income approach, as all of these
items impact the PV system’s ability to generate electricity at its expected capacity, or they
impact maintenance expenses. If the appraiser suspects the system may not be performing
up to standard and the PV Value data is a relevant indicator of market value, the appraiser
should request that a system performance test be performed by a properly certified party79.

Two organizations certify installers: The North American Board of Certified Energy Practitioners (NABCEP) at www.nabcep.org
and Underwriters Laboratory (UL) at www.uluniversity.us.
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3) Understand Discounted Cash Flow
The PV Value modeling tool uses the “discounting” concept to determine the present value of
future energy production.
Just what is discounting?
To explain discounting, let’s turn to an example:
One specific PV system that is being studied is expected to generate $25,000 worth of electricity
over the next 25 years. How much should someone be willing to pay today for those future
benefits? Typically, someone will pay less today in one lump sum than the total value of the
income s/he will receive over the next 25 years. But how much less will s/he pay? Let’s say one
will pay X$ today for $25,000 in future benefits at a discount rate of 6%. The amount paid today
would be: $5,824.97. The mathematical calculation is:
PV80 = FV81 X PV Reversion factor at 6% for 25 years (0.232999) = $5,824.97
The same calculation can be done using an HP12c with the following keystrokes:
1.
2.
3.
4.
5.
6.

f clear FIN
25 n
6i
CHS $25,000 FV
PV
Solution: $5,824.97

Thus, this person received a 6% annual compounded discount rate for paying in one lump sum
today, what s/he will receive in future benefits over the next 25 years82.
What we need to solve here, however, is: What is the appropriate discount rate for PV systems?
1%, 4%, 15%? That is what the appraiser will need to decide. There are no hard and fast rules for
choosing a discount rate other than choosing one that makes sense in a specific market.
Discount rates weigh the risk of the potential return on the investment, and are a factor in
choosing between other opportunities. A higher discount rate will give a lower valuation, and
therefore reflects greater risks, and a lower discount rate will give a higher valuation, and
therefore reflects lower risks.
So what is a good discount rate for residential PV systems? The PV Value tool uses the current
Fannie Mae 30‐Fixed or the Fannie Mae 15‐year fixed interest rates for the borrowers weighted

80

This “PV” is meant to be an abbreviation for “Present Value” and should not be confused with the “PV” abbreviation term
used throughout this document that is referring to “Photovoltaic”.
81
FV= Future Value
82
TI BA‐II PLUS calculation (FV = $25,000, I/Y =6%, N= 25, (CPT) PV = $5,824.97. Discount rate factor = 0.233 or 76.7% discount
to Future Value.
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average cost of capital (WACC), which is a component of the discount rate83. The question is,
does that seem reasonable for the appraiser’s market area? For the market area used in this
study, this was indeed a reasonable cost of capital for the discount rate to use. These rates
reflect the interest rates available to homeowners when they purchase or refinance their home.
Per the instructor of the Appraisal Institute’s PV course, appraisers were indicating that they
thought an appropriate discount rate for residential PV would be similar to the equity mortgage
rate or rate charged for solar PV financing. These two rates are higher than current interest
rates , accounting for a higher risk. Therefore, the basis points can be adjusted in the PV Value
tool to take this higher risk rate into consideration.
Other discount rates, such as those tied to the Treasury Bond Yield Rate, are not reasonable to
use in these case studies as they do not accurately reflect an available borrowing rate that is
accessible to the PV system purchaser. n other words, since the PV system is a part of the home
and can be financed using mortgage rates, this is a reasonable cost of capital for supporting the
discount rate to use.
Whichever discount rate appraisers choose, they need to include a risk premium or margin of
safety within the discount rate calculation. No one can accurately predict the future, and as an
investor in a PV system, a homeowner needs to be compensated for that risk. A “margin of
safety” relates to the adequate compensation of unforeseen risks associated with an investment
in a PV system, such as accidental module breakage, windstorm damage, corrosion to electrical
components needing replacement or roof replacement which requires the PV owner to pay for
the removal and reinstallation of a roof mounted PV system). Typically, a higher discount rate
will result in a lower indication of value.
Here is an example that explains the risk premium: If a homeowner can borrow at 5% and re‐
invest in an income producing investment that yields 5%, would s/he make that investment?
Probably not. Since there is no compensation for taking on the extra risk, the borrower would
simply choose not to make the investment or take on that extra risk if it is not to his/her benefit
in doing so. Therefore, the discount rate should be higher than the borrowers cost of capital.
PV Value includes this margin of safety. The official term for this margin of safety is a “basis
point spread”. Another way to look at it is as a risk premium.
One basis point = 0.01%
The PV Value tool uses as its range or basis points the following: 50 basis points (0.50%) to 200
basis points (2.00%). Thus, the average basis points are 125 (50+200/2 = 125), or 1.25%. These
figures are used to apply to the discount rate to account for a margin of risk. Typically, when
interest rates are lower, the spread over the interest rate is higher, and when interest rates are
higher, the spread over the interest rate is lower.
83

https://www.fanniemae.com/singlefamily/historical‐daily‐required‐net‐yields
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When looking for an appropriate risk premium, it is important to remember that not every
homeowner will perceive risk in the same manner. An expected return on capital invested and
the risks associated with ownership will be different from one homeowner to the next due to
their reason for purchasing a PV system or their knowledge of financial analysis methods. This is
why PV Value has used a range for the “basis point spread.” When calculating the risk premium
or basis point spread, one can also look to other markets such as higher yielding corporate debt
instruments or municipal bonds that a homeowner may otherwise invest in and that can
generate income with some degree of risk over a similar expected PV system lifetime. The basis
point spread can be calculated by taking similar debt instruments across two different risk
categories such as A and B rated instruments, and deducting the current 30‐year Fannie Mae
mortgage rate to determine the difference or basis point spread. For this study, the basis point
spread was developed after taking into consideration all of the paired sales found and utilized in
the study.
Once appraisers understand the PV Value tool, its variables and how to work it, they can
competently apply it when applicable. However, there is one last step.
Knowing how to competently fill out the variables needed to use PV Value for developing an
income approach value, the appraiser cannot simply rely upon the outputs generated without
understanding how those output numbers were generated. In other words, how does PV Value
use the information to generate its “Appraisal Range of Value Estimate”? USPAP (the appraisal
industry’s published standards of professional practice) require an appraiser to fully understand
any method or tool s/he are using, before s/he can competently use it. Specifically, USPAP
addresses the appraiser using the Discount Cash Flow Analysis in Statement No. 2. One
particularly relevant quote from Statement 2 is as follows:
“If using commercial software, the appraiser should cite the name and version of the
software and provide a brief description of the methods and assumptions inherent in the
software. [USPAP] requires that projections of anticipated…income potential and
expenses be based on reasonably clear and appropriate evidence.”
The assumptions and methods utilized in PV Value have already been adequately addressed. To
understand the mathematical computations in greater detail, the appraiser should refer to the
PV Value user’s manual. Equations are shown for how to calculate present value, as well as how
a compound annual growth rate is calculated.
The PV Value tool has been evaluated by appraisal industry experts and they both accept and
approve the data inputs and the mathematical computations used. Thus, the stamp of approval
has been received by competent appraisers for PV Value to be considered an industry‐accepted
way to use the appraisal method known as the Income Capitalization Approach.

P a g e | 91
Further information
In addition to the information provided above, there are a few more instances in which the
appraiser will need to modify the standard input in the PV Value tool to arrive at an accurate value
estimate. These instances include when an appraiser is appraising a property with an effective date
in the past, when the system has microinverters and when the homeowner is receiving PBIs. Each
will be discussed below.



Appraising a property with a retrospective effective date of value

For this study, homes studied were sold between January 1, 2011 and the March 31st, 2013. Over
this time period, utility rates changed. Therefore, some of the sales used in the study occurred in the
past. Current utility rates are not applicable and would result in erroneous calculations if they were
used. In this case, PV Value allows an appraiser to input alternate custom utility rates84 as well as the
appropriate discount rate.
If the appraiser is trying to determine the present value of future energy production where the
effective date of value is, say, June 3, 2011 (and not the current date of March 15, 2013), then the
appraiser will need to use utility information from 2011 and not from 2013. This, however, was not
done for this study for two reasons.
First, when using a retrospective utility rate, it necessitates changing the utility escalation rate. Since
the utility escalation rate is based on a long‐term average using a CAGR, that would require
additional knowledge about how utility billing dynamics (which are incredibly complex) and
additional research that are beyond the typical scope of work and the expertise of residential
appraisers. Since the creators of PV Value have developed an algorithm to determine what this rate
is, and they are experts in such types of data collection, it is reasonable to state that the appraisers
relied upon this figure and did not generate it themselves (similar to the way an appraiser relies on
cost data estimates from cost data providers such as Marshall & Swift).
In other words, the appraiser will not be able to generate a retrospective utility escalation rate. This,
then, is a limitation of the figures generated for retrospective effective dates. However, this
limitation is a minor one for this study, since the oldest case studies are only from 2011. Based on an
interview with a PV installer, utility costs have risen fairly steadily over the past 10 years. It is
therefore reasonable to conclude that the current escalation rate is extremely similar to the
retrospective escalation rate from 2011.
Second, when using a retrospective effective date of value, the appraiser should input the utility
rate from that time period. Again, this is not an easily accessible data piece. After many inquiries
and phone calls, it was determined that historic utility rates were not easily found. This seeming
84

The appraiser can change the utility rate noted in the “Electricity Rate Inputs” section by placing a check in the small box that
reads “User Defined (check box) /kWh”. The field will then turn orange and the appraiser can enter in their own rate.
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innocuous information was not reasonably accessible due to the existence of so many different
utility billing structures. Since utility rates (per the authors own utility bills) are less than $0.007
higher than they were in 2011, it was considered reasonable to use the current billing rate of $0.11
per kW for the case studies from 2011 and 2012. This does result in slightly higher indications of the
present value of the future energy production; however, this limitation is taken into consideration in
the reconciliation section.
This utility information is further complicated by the fact that in 2010, Xcel implemented a two‐tier
billing system for the highest energy usage months, June to September. The first 500 kWh used each
month are billed at the standard rate of $0.11 and any kWhs used above 500 are billed at $0.15 per
kWh (remember, the average household in the study area consumes 711 kWhs per month on
average, so this impacts most households). One solution is for the appraiser to use a weighted
average of the utility bill, which will consider both the amount of electricity purchased at the lower
rate, and the amount purchased at the higher rate.
For this study, since there was no access to utility bills, the average annual utility rate (not taking
into account tiered billing) was used, as this was the only reasonable option for reporting utility
costs. The reason for this was that while the tiered billing system may increase the ROI for a PV
system and can be even more valuable for a homeowner to reduce electricity demand enough to
get out of the higher tier from June to September, some homeowners may not use enough
electricity to ever reach the second‐tier billing level. This billing system also favors PV system owners
who use more electricity, because the most productive months for a PV system coincide with the
months when Xcel is utilizing the two‐tier billing system. Thus, for the purposes of this study, all
calculations are made assuming the second‐tier billing level is never reached by the homeowner.
This is an extraordinary assumption and could impact the opinions and conclusions made in this
study, though not significantly.



Microinverters

While most PV systems come with wall‐mounted inverters, some have microinverters. PV Value uses
both warranty data and replacement cost estimates for inverters based on central‐inverters, which
have been available in the marketplace for a longer period of time. Microinverters are now starting
to offer a longer warranty period of 15 to 25 years (compared to the standard warranty period of 10
to 15 years for wall‐mounted units). PV Value uses a lifespan estimate of 15 years. This is based on
the fact that central inverters have been around longer, and microinverters have only been around
for five years or so. There may be better data in the future to support a lifespan estimate of longer
than 15 years.
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Performance Based Incentives

As noted earlier in this study, there are many instances in which a homeowner is receiving PBIs. The
PBIs did not start until 2012, so if a PV system was installed prior to 2012, the reasonable conclusion
was made that the system had no PBI’s. If PBI’s are being received, the income the homeowner is
receiving is even greater than is being reflected by the PV Value tool. To account for this, PV Value
has a procedure that allows the appraiser to run a second calculation, and add its to the first
calculation. Those steps are as follows:

1) Pick a relevant discount rate. In this market area, PBI payments run for 10 years. Determine how many
years are left on the contract and decide what discount rate is applicable based on that information.
2) Set the utility rate to whatever the utility is buying the electricity at, in whole cents85. To do this, just
check the “User Defined Check box”, which will allow you to input your PBI rate.
3) Set the utility escalation rate to “0.” This is done because the PBI rate will not escalate, it is an agreed
upon amount and it will not change.
4) Set the operating and maintenance expenses to “0.” Again, this is because operating and maintenance
expenses are not applicable to this situation.
5) Consider the year in which you are valuing the PV system. If it is new, then you’ll start with a new system
with the age set at “0.” It won’t matter which warranty period is chosen for this calculation as it is only
the value of the PBI that is being calculated, which has a contract length shorter than the typical warranty
for the PV modules and inverter.


Add the value in the cells “below” the appraisal range of value for the number of years, starting with
the year 1. For a 20‐year contract, you will add the present value of the energy savings for either
columns E, G or I in row 47 depending on the risk spread you’re applying to the discount rate. If you
were to pick the module warranty of 20 years, and the system is new, then it would be the value that
shows up in the “Appraisal Range of Value Estimate.” If the contract term is 10 years then take the
accumulated energy present value in either columns E, G or I, as reported in row 37.



If the system is older than one year, then you’ll have to add the age of the system to Cell I14. For
example, if the system is five years old, then put “5” in that cell. The calculation then starts in year 6
for the remaining 15 years of that payment (assuming you have a 20‐year PBI payment period).

6) You can then take this value and add it to the value you would calculate for the PV system, again
considering its current age.
Note: While it is possible that the new owner will have to file income taxes on this income (depending on how
much s/he gets paid by the utility every year), income taxes are beyond the scope of consideration of an appraisal
and should not be taken into consideration by the appraiser.
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In this market area, the purchase rates currently vary from $0.15 to $0.11 (i.e. as of March, 2013). Homeowners lock in their
rate for one specific amount. The newer the contract is, the lower the PBI will be. Going forward, these rates are currently at
$0.09 and will reduce by $0.01 increments until a PBI payment of $0.03 is reached. There are only so many contracts available
at each PBI level, thus, once one tier is filled up, the PBI will reduce and new customers will receive that lower amount.

P a g e | 94

Note: With regard to this study, it was not possible to know which properties had PBIs and what amount they were
for. However, it was possible to reasonably estimate what rate certain systems had based on the permit date. Any
permit prior to 2012 is assumed to not have any PBIs, as those homeowners received cash rebates from Xcel. The
PBIs in 2012 started at $0.15 per kWh then slowly declined to $0.11 per kWh by March 2013. This assumption is
reasonable to make; however, if the figures used were incorrect, this could alter the conclusions and opinions
reached in this study.

Conclusion
Finding an accurate way to account for the potential value contribution of the income generated
by a PV system can be a mathematically daunting task. The PV Value tool is a proven way to
make these calculations.
It is currently a reasonable solution to offer up PV Value to the market as a viable way to
develop the present value of future energy production. Given that most of the mathematical
models found throughout the course of this study86 are lacking or just plain incorrect, this can be
seen as an indication that the market is looking for a reliable way to perform such calculations. It
therefore seems only fitting that appraisers should expose the market to the PV Value tool, and
let the market decide if this proven tool is the best way to estimate the value of the income
stream generated from PV systems.
In other words, the appraiser can use the PV Value tool and report the contributory value that
was developed for the PV system in his/her appraisal. In the final reconciliation, the appraiser
can discuss the relevancy and weight that this valuation method has on the final opinion
indication for a particular market segment (which is how appraising is done anyway). This way,
the appraiser can demonstrate that the market has been used to determine an acceptable
mathematical way to estimate the contributory and/or present value of the future energy
production from a PV system. Using the PV Value tool when no other market data is available
provides a proven tool to support a conclusion. USPAP requires even a zero adjustment to be
supported. Therefore, appraisers should use more than one method when possible, and
reconcile those methods. The PV Value tool offers a method to support a conclusion.

Marshall & Swift Residential Cost Data
“Marshall & Swift” is a cost service that researches current building costs and sells that data to
appraisers (among others). Cost services provide a wealth of important cost data, and no
residential appraiser can function without reliable and accessible cost data. There are several
cost service providers. However, since the author of this study is very familiar with Marshall &
Swift cost data, it is the only cost data source utilized for this study.
That said, the Marshall & Swift cost data for PV systems is relatively new and is currently far too
limited in scope to be useful. Also, the cost data is only updated a few times per year. Normally,
86

In regards to marketing materials distributed by various market participants.
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this periodic updating of costs is not an issue. To compensate for changes in costs over short
time periods, Marshall & Swift issues “time adjustment” multipliers four times per year.
However, given the rapid decrease in the cost of PV systems, there is no way for Marshall &
Swift to adequately address these swift, downward changes in PV costs. Thus, the Marshall &
Swift data did not currently provide useful cost information. For that reason, cost service data
was not utilized for this study.
For an in‐depth explanation of the current limitations of the Marshall & Swift cost data, please
refer to the Appendix.

Building Permits
Building permits are public information in Colorado, but the data they provide can be hit or
miss. Every city and county has a different system for recording and communicating its building
permit data. The limitations and availability of permit data for this study are as follows:
City of Broomfield
 Bulk data requests: The staff is immediately responsive to requests for large
data sets pertaining to PV permits. This data was delivered in Excel format for
easy downloading and processing. The Xcel files contained all relevant bulk
information (property address, installer, date of permit, size of system and the
estimated cost of the system). The only minor issue is that the size of the
system is recorded in an inconsistent manner (“5.0kw,” “5.0,” “5,” “5kw,” etc.),
so without editing each field for consistency, the data cannot be sorted by
system size. This proved to be an extremely minor inconvenience.
 Permit information of single properties: This is by far the most comprehensive
and easy to use system. The permits are well organized by type and contain
more than enough information about the PV system. The permit system in the
City of Broomfield is extremely well organized, useful, and accessible.

City of Arvada
 Bulk data requests: The staff is immediately responsive to requests for large
data sets pertaining to PV permits. The data was easily delivered in an Excel
format for easy downloading and processing. The Xcel files contained all
relevant bulk information (property address, installer, date of permit, size of
system and the estimated cost of the system). The only minor issue is that the
size of the system is contained in a field with other narrative comments, so the
data cannot be sorted without manually reading and re‐configuring each field.
 Permit information of single properties: Arvada lumps all of its permits into
one PDF file that has been scanned in. The permits are not organized in any
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way, so one must manually read each and every permit to see which permits
are applicable to the PV system and which permits are not. Also, the permit
data is limited, so not all information the appraiser is looking for will be on file
(such as warranty information, panel type, inverter type and other data).
City of Westminster
 Bulk data requests: Staff was able to immediately respond and provide bulk
permit information for PV systems. The permit information, however, was only
available in a PDF format and had to be hand‐transcribed into Excel. This was a
very time consuming process for the information that was needed.
 Permit information for single properties: The information was easy to access.
The files were complete and it was easy to obtain all information regarding the
PV system.

City of Wheat Ridge
 Bulk Data requests: The data was immediately emailed in PDF format.
 Permit information for single properties: Much like Broomfield data it was
possible to access everything one needed from a home computer, and all data
points needed by an appraiser were easily located.
City and County of Denver
 Bulk data requests: Staff was able to immediately respond, but could not
provide specific data for bulk permit data (such as a list of permits for PV
systems). Thus, it was not reasonably possible to study PV permit data in bulk
for the city of Denver, since it was not available. One reason for this is that
Denver does not have a permit category for PV systems; rather, this information
is filed with the general electrical permits.
 Permit information for single properties: The data was extremely sparse and
very few, if any, details were available. As a result of the limited data, the case
studies contained herein (related to homes from Denver) will have gaps with
regard to the specifications of their systems. There was minimal permit
information available and even that was only occasionally useful.
In conclusion, permit data from Broomfield, Arvada, Westminster and Wheat Ridge is very
useful, relevant, easy to access and well‐organized. Denver, on the other hand, had virtually no
useful data and no way to access bulk data. In the end, it was necessary to conclude that Denver
permit data could not provide any relevant information for this study.
It is important to note that the builder permit data includes the actual gross costs and not the
costs after any rebates or incentives. In keeping with proper appraisal procedures, cost data
should include any rebates or incentives, excluding any tax credits. In this market area, actual
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rebates and up‐front cash incentives ended very early in 2011. Xcel will not provide retroactive
incentive data, so it was not possible to disclose what past incentive rates were. Then, in 2012
and in lieu of up‐front cash incentives, Xcel started the PBI program, which is a form of income
to the buyer and does not reduce actual up‐front costs. Thus, for this study, rebates and
incentives were not deducted from the cost approach since all case studies closed during a time
period when there were no rebates and incentives.
Rebates and incentives should not be confused with tax credits (which should not be deducted
from the cost approach) or PBIs (i.e. payments made to homeowners over the first 10 years the
system is in operation). In other words, for this study, there were no “rebates or incentives” to
deduct from the cost approach, since none were in effect from January 2011 to March 2013.
The only cost deductions a buyer of a PV system could realize between January 2011 and March
2013 were the 30% federal tax credit and possibly a future income agreement relating to a PBI
of somewhere between $0.15 and $0.09 per kWh generated.

Local Builder Costs
As noted earlier in this report, several homebuilders were located who offer PV systems as a
standard feature, or as an upgrade. This was useful information and was collected from the
builders. The data was, when applicable, reconciled with the cost data obtained from the
building permit information noted above.
This was very applicable data since it represented the true cost of the system for a particular
house.

Local Installer Costs
In theory, it would be useful to contact actual installers to estimate how much PV systems cost
to install. Rightfully so, they will not be able to provide that answer without performing a full
analysis on the exact house you might be referring to. For this study, a local installer was
contacted (Buglet Solar) and they were able to provide extensive information about how
systems are priced. While this data was not specifically applied to each case study, it was taken
into consideration when learning which features were important to note on PV systems.
In conclusion, the cost data the local installer is able to provide is more of a general data point,
and it is highly recommended appraisers that interview local installers to understand the
particulars of PV systems that are relevant to their market area. Additionally, the local installer
can give interesting feedback about how owners of PV systems interact with their systems. The
appraiser might come up with the following delightful observation nugget:
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“Although electricity is invisible, the work of installing solar systems is surprisingly
tangible. When the installation is complete, an inspector shows up to tell you it's good.
Then, you can monitor every kilowatt‐hour of energy produced by the system. And the
best part is receiving those excited phone calls from solar system owners on a beautifully
sunny high‐production day. It is so exciting for them, and for us!”87
Who knew PV owners couldn’t wait to get home and watch their electricity meters tick? AND
that they were in fact so excited, that they felt compelled to call their installers to report their
electricity savings? We sure don’t hear of people calling their plumber to report how excited
they were to have hot water that day (though mind you, we probably should).

Depreciation
As noted earlier in this study, current PV systems have warranted lives of 25 years. While the
system may still operate at 80% efficiency at the end of those 25 years (it may have a physical
life of 50 years or more), its useful life is only considered to be 25 years.
For the purposes of economic depreciation, the current PV systems researched for this study
are estimated to have useful lives of 25 years.
A straight‐line depreciation method is used in this study as it is the most reflective of the
current data available on the PV systems, and, all of the PV systems researched for this study are
only a few years old. Thus, the straight‐line age/life depreciation method is currently the most
applicable way to estimate depreciation.
However, the straight‐line age/life method only measures depreciation and not functional
obsolescence. As will be disclosed later in the actual case studies, this study strongly indicates
that PV systems in this market area are superadequacies. If incentives are not received by the
person installing the system, then the contributory value is less than the cost of the system from
day one. Currently, homeowners receive a 30% federal tax credit when installing a system. After
analyzing all of the cost data associated with the case studies, this was the exact amount of
functional obsolescence due to superadequacy the market recognizes in the cost to install these
systems. This conclusion was reached after studying all of the paired sales utilized in the study,
as well as comparing every value reached using the income approach. All conclusive showed the
cost approach to value is higher than market value because of this superadequacy. Therefore,
the superadequacy was taken into account in each circumstance where the cost approach was
applicable.
Without incentives to offset the gross costs, the market is simply not willing to pay full cost
based on the sales data. Since the current per kW cost is $3,500, 30% of this cost is $1,050

87

Whitney Painter, Buglet Solar Electric Installation
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(rounded to $1,000 per kW). This $1000 per kW figure proved to be the correct amount of
functional obsolescence PV systems are experiencing in this market area.

Highest‐and‐Best‐Use Analysis
A highest‐and‐best use analysis is a fancy appraiser way of saying “What kind of home fits best in this
area?” In other words, if you live in a residential neighborhood consisting of 1,000‐sq.ft., ranch‐style
homes built in the 1950s, then your property is probably a 1,000‐sq.ft., ranch‐style home that was built
in the 1950s (and not, say, a 9,000 sq.ft., three‐story Victorian‐style home).
PV systems are the same. People buying homes in a certain neighborhood will consider whether
a photovoltaic system is something that conforms to, and is acceptable to, the rest of the
neighborhood. Take, for example, two subdivisions that are side‐by‐side with identical homes:
Doing Just Fine and Happy Campers. If buyers in the Doing Just Fine subdivision do not care
about PV systems but buyers in the Happy Campers subdivision do (and are willing to pay to
have them), then only the PV systems in the Happy Campers subdivision will represent the
“highest‐and‐best‐use.”
For a PV system to be something that represents the highest‐and‐best use of a property, then it
must meet four criteria:






It must be legally allowed.
o Some subdivisions have deed restrictions that do not allow PV systems
to be installed. That was not the case for this study. Colorado state law
bars all homeowners associations from disallowing PV along with any
renewable energy sources (including clotheslines). Thus, legal
permissibility was not an issue for this study.
It must be physically possible.
o It is not always physically possible to install a PV system on every house.
Sometimes there is too much shading, or the roof is not conducive to
having a productive PV system installed on it. Again, this was not an
issue in this study since clearly every property in this case study has a PV
system installed. The system was physically possible.
It must be financially feasible.
o Herein lays the crux of the appraisal problem for PV systems. Typically,
“financially feasible” means an item contributes as much to value as it
costs to install. PV systems are not like decks or garages: they do not
just cost money to install, they then go on to produce money (they
create income by proxy, they reduce utility costs). Thus, financially
feasibility for PV systems relates not just to their initial cost but to their
future income potential as well.
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It must be result in the most possible profit.
o This is really just a reconciliation and conclusion of the three other tests
noted above. Would a higher profit result if the PV system did not
exist? The answer to this question is addressed individually in each case
study. If the system contributes as much to value as it costs (and
contributes via income), then a PV system is a property’s highest and
best use.

With regard to the 30 case studies included in this report, all PV systems cost more to install than they
contributed to value. Thus, PV systems are currently superadequacies. As noted earlier, this illustrates
that using the physical age/life method for determining depreciation is not appropriate by itself in the
cost approach. The net cost approach should also be used (the gross cost less incentives and rebates).
Tax implications, however, should not be considered in the cost approach.

Gross Rent Multiplier
A gross rent multiplier is a mathematical way appraisers convert income into value. For
example, if a property has a value of $100,000 and rents for $900 per‐month, then the GRM for
that property is 111:
$100,000/$900 = 111.
Say part of that $900 per‐month rent includes a garage. The market pays $50 per month to rent
garages. Thus, of the $900 total rent, $850 is for the house and $50 is for the garage. Thus, the
likely value contribution to the entire property of that garage is $5,550:
$50 X 111 = $5,550
In theory, if a property is rented, or the market area sees value in renting a property in a
particular neighborhood, then a property with a PV system may rent for more than a property
without a PV system. If two homes that are identical (except one has a PV system) are rented,
one may have higher rent because it has a PV system.
This method was taken into consideration for each case study, and provided useful information
for only a few of the properties.
Also, it should be pointed out that energy produced is income. The GRM is a ratio between the
sale price and the income amount. Therefore, the GRM does not only apply to a property with a
PV system. Applying a relevant GRM to the monthly energy produced provides one indication of
value that should be reconciled with the other methods used.
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Paired Sales Analysis
A “Paired Sales Analysis” is when two properties that sell are identical except for one feature‐
for example, one has a swimming pool‐ and, the difference in sale price can be attributed to the
difference. For instance, if one property without the pool sells for $100,000 and the other
property with the pool sells for $105,000, then the pool contributes $5,000 to value.
This is a wonderfully common appraisal tool; however, in real world applications, the indicated
value contribution is not always as neat and tidy as the example provided above. This appraisal
tool was taken into consideration for each case study, but the strengths and weaknesses of its
applicability vary depending on what specific data was available for each area. The relevance of
this method will be discussed individually in each case study.
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PART 4: Case Studies
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Having discussed the basics of PV systems, we can now turn to the case studies themselves. The case
studies include 30 detached single‐family homes. Each case study will be discussed individually, followed
by a summary of the entire study.

Case Number Property Location

Page Number

1
2
3
4
5
6

Broomfield, Subdivision “A”
Broomfield, Subdivision “A”
Broomfield, Subdivision “A”
Broomfield, Subdivision “B”
Broomfield, Subdivision “C”
Broomfield, Subdivision “D”

107
115
124
132
140
148

7
8
9
10
11

Arvada, Subdivision “A”
Arvada, Subdivision “A”
Arvada, Subdivision “B”
Arvada, Subdivision “C”
Arvada, Subdivision “C”

157
165
173
180
186

12
13
14
15
16
17

Westminster, Subdivision “A”
Westminster, Subdivision “A”
Westminster, Subdivision “A”
Westminster, Subdivision “A”
Westminster, Subdivision “A”
Westminster, Subdivision “A”

192
198
203
208
213
218

18
19
20
21

Wheat Ridge, Market Area “A”
Wheat Ridge, Market Area “A”
Wheat Ridge, Market Area “A”
Wheat Ridge, Market Area “A”

223
230
237
241

22
23
24
25
26
27
28
29
30

Denver, Subdivision “A”
Denver, Subdivision “A”
Denver, Subdivision “A”
Denver, Subdivision “B”
Denver, Subdivision “C”
Denver, Subdivision “D”
Denver, Market Area “E”
Denver, Subdivision “F”
Denver, Subdivision “G”

248
255
261
267
270
273
279
285
288
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Broomfield, Subdivision “A”: Case Study 1
Subdivision
location:

Broomfield,
CO

SUBDIVISION A
$345,000 to $550,000
Price range of homes
Median: $363,500
sold88:

Number of
detached
homes:
Percentage of
Rentals:

Around 500

Age range of homes:

16%

Gross Rent Multiplier
chart for subdivision
(includes townhomes):

Quality of
Construction:
Number of
homes sold in 6
months89:
Number of PV
permits90:

Average to
Very Good

Type of homes:

Tract homes, mostly 2‐story on standard 5,000 to
19,000 sq.ft. lots

14

Range of above‐grade
square footages:

1800 – 4600

19

3 in the last year.
None prior to that.

Range of kWs
installed:

2.8‐8.6

Median kW
amount
installed:

6.02

Number of homes that
sold after they had PV
installed:
Range of cost for PV
systems over a three year
period:
Median gross cost of PV
systems:

Purchase Date:
Age of home:
Total days on market91:

Mode: no mode
2001 to 2009

$21,000 to $60,000 (before incentives)

$30,000 (before incentives)

GENERAL PROPERTY INFORMATION: Case Study 1
Sales Price of house:
10 years
Above‐grade sq.ft. of home:
27
Average Days on Market for
subdivision92:
January, 2013

$350,000
2183
36

177 to 178
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: none known

88

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
90
Figures are for 2009, 2010, 2011 and 2012.
91
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
92
Information is based on sales that sold in the six months proper to the closing date of the subject property.
89
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MARKET CONDITIONS AT TIME OF SALE for Case Study 1 :
STABLE
This property went under contract in December, 2012. At that time, this market area was very balanced
and stable and was just hinting that values would be increasing. The significant lack of inventory was not
yet notable (as it would be a few months later). Thus, in this time period, the buyer and seller had equal
negotiating powers and values were stable.

PHOTOVOLTAIC SYSTEM For Case Study 1
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
2.8 kW
Permit
Date of Permit
August,2007 Permit
Manufacture of panels
Sharp
Permit
Warranty on panels
25 Years
Permit
Manufacturer of Inverter
Fronius
Permit
Warranty on Inverter
10 Years
Permit
Type
Fixed
Permit, Observation
Tilt
22.6
Observation
Energy Production per panel
175 watts
Permit
Energy Production Estimate (for 1 year)
4027 kWh
PV Value
Location
Roof
Permit, Observation
Age of panels
5 years
Permit
Inverter type
Wall mount
Permit, Observation
Age of Inverter
5 years
Permit
Original gross cost
$19,963
Permit
Azimuth
157
Solmetric Roof Azimuth tool
Listing Agent: PV did help sell the home and may have given extra value. Listing agent could not
estimate the value contribution. Buyers liked the idea of solar but were “a little scared of it”
and did not understand the system (how it works/maintenance). Agent did not work to
educate buyers about the system.
Buyer’s Agent: No feedback given

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #1
DATA SOURCES
Attempts were made to contact or collect all of the following data sources. The sources that are marked
with a check are those for which information was successfully obtained for Case Study 1:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
1’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis93
A paired sales analysis takes place when very similar properties that sold recently are “paired” to other
sales. The difference in sale price between the properties is then attributed to the feature the other
property does not have94.

Sale Date
Sale Price
Market Conditions
Days to Sale
Square Feet
Photovoltaic

Subject

Comp 1

Comp 2

January, 2013

December, 2012

August, 2012

$350,000

$347,000

$345,000

Stable

Stable

Stable

27

52

37

2183

2144

2225

Yes

No

No

The three properties noted above are highly identical to one another (see footnote below). All three
listing agents were able to verify the sales. The paired sales analysis indicates that the subject’s PV
system had a contributory value of between $3000 and $5000 for a 2.9 kW system.

As of January 2013, a value indication using the Paired Sales Analysis is:
$1,070 to $1,780 (rounded) per kW
for a 2.8 kW, 5‐year old system with 20 years remaining of useful life.

The above paired sales are much better than is typically found. Thus, the quality and reliability of these
paired sales is excellent.

93

Items not noted on the paired sales grid that are essentially identical are: conditions of sale, financing, market conditions,
garage count, above grade bathroom count, builder, quality of construction, lot sizes, location, views, finished basements and
general basement square footage.
94
I.E. two identical properties have one difference: one has an air conditioning unit, and the other does not. The property with
the AC sells for $100,000. The property without the AC sells for $105,000. Thus, the AC is worth $5000.
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B. Cost Approach (Using Local Builder Costs)
Using the replacement cost95 appraisal method, current builder costs96 were extracted using building
permit information for the City of Broomfield:
Date of
Permit

Subdivision

Total
system Cost

kWs

Cost
per kW

11/5/2012

ANTHEM

$6,325

2.3

$2,750

11/20/2012

ASPEN CRK

$29,520

4.84

$6,099

11/21/2012

BRM CC

$29,500

7.5

$3,933

11/21/2012

MCKAY LND

$29,900

7.99

$3,742

11/27/2012

BRM HEIGHTS

$23,760

7.92

$3,000

11/27/2012

WILLOW RUN

$29,800

6.213

$4,796

12/4/2012

BRANDYWINE

$8,640

2.88

$3,000

12/7/2012

GRNW PK

$20,160

6.72

$3,000

12/7/2012

WESTLAKE VILLAGE

$12,480

4.16

$3,000

12/7/2012

ASPEN CRK

$19,300

4.9

$3,939

12/11/2012

BRANDYWINE

$16,560

5.52

$3,000

12/11/2012

BRM HEIGHTS

$17,280

5.76

$3,000

12/11/2012

HIGHLAND PK SOUTH

$25,920

8.64

$3,000

12/17/2012

RIDGEVIEW HEIGHTS

$21,000

6

$3,500

12/17/2012

ASPEN CRK

$28,565

7.59

$3,764

12/20/2012

BLAND

$26,361

7.105

$3,710

Current local costs average $3,577 (rounded to $3,500) per kW. Therefore, a current cost estimate of
$3,500 per kW is reasonable.
Depreciation is based on the systems actual age (as of January 2013), compared to its useful life:
Straight‐line age/life method
Age of system:
5 years
Useful life97:
25 years98
5/25 = 20% depreciated

95

There are two ways to estimate the cost to replace an item: the replacement cost or the reproduction cost. Replacement cost
uses cost figures of a feature that is of like utility, reproduction costs use cost figures for the exact, specific item. Residential
appraisers most typically use the replacement cost.
96
Reported builder costs do not include any rebates or incentives, rather, they are gross costs.
97
Useful life: The period of time over which a structure or a component of a property may reasonably be expected to perform
the function for which it was designed.
98
The subject property’s PV system is 5 years and has a 25 year warranty. Total useful life is based on the life of the warranty.

Since the subject property has 2.8 kWs, the following calculations can be made:
2.8kW X $3,500 per kW =
$9,800 less 20% depreciation =

$9,800
$7,840 (rounded to $7,800) = Cost Today

Cost today =
$7,800
$1000 X 2.8kW for functional obsolescence* = ‐$2,800
=$5,000
(* Functional obsolescence figures were developed after all data for the 30 case studies was complete. The cost
approach was consistently higher than all other indicators of market value. Thus, the figure used for functional
obsolescence was derived based on the average difference between all other indicators and the cost approach
figures.)

In conclusion, based on actual local costs, the indicated value by the cost approach, as of January 2013 is
$5,000 for a 2.8 kW system.

As of January 2013 the value indication using the Cost Approach is:
$1,780 per kW
for a 2.8 kW, 5‐year old system with 20 years remaining of useful life.

The quality and quantity of the cost data are excellent, and therefore, the cost estimate is a reasonable
indicator of market value.

C. Income Approach (Using a Gross Rent Multiplier99)
Only one rental property (of a similar quality single‐family home) was found. The property was nearly
identical to the subject property and had an advertised rental rate of $1,950 per month. A reasonable
GRM for this property is between 177 and 178 based on the sale prices of Comps 1 and 2 that were used
in the paired sales analysis.
By calculating the subject’s average monthly energy produced, the GRM can be used to estimate the
value contribution of these savings.
1) Subject’s yearly energy production is estimated100 at 3940 kWh
2) Current utility rates are $0.11 per kWh
3) 3940 kWh X $0.11 = $433.40/12 = $36.11 per month
99

A “Gross Rent Multiplier” is a figure that is arrived at by dividing the sales price (or value) of a home by its rental amount.
The estimated savings rate is based on the probable number of kWh’s the system will generate in a year (per PV Value®) and
using current, local utility rates.

100

Case Study 1

P a g e | 111

Case Study 1

P a g e | 112
4) $36.11 X (GRM of 177) = $6,391 (for a 2.8 kW system)
5) $36.11 X (GRM of 178) = $6,427 (for a 2.8 kW system)
These figures are then reduced to a per kW estimate:
As of January, 2013, the value indicated using the income approach is:
$2,280 to $2,300 (rounded) per kW
for a 2.8 kW, 5‐year old system with 20 years remaining of useful life.

D. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 20 years. The system is already five years old, so the remaining useful
life is only 20 years). The applicable specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80023

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

2800
0.770
0.5

Basis Points (high)
Basis Points (average)
101
Net Yield Rate (Custom)

300
200
3.70

Tilt
Azimuth

22.6
157

Discount Rate(low)
Discount rate (average)

4.32
5.57

KWh Produced/Year

4027

Discount rate (high)

6.82

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.95

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1,221.28
25
5
20

XXXX = User Input Override XXXX = Calculated Value

Using the above data points, the following figures were generated from PV Value:
Value of the energy produced this year
$435.56

Present value estimate of accumulated energy production for Next 20 years
Low
Average
High

$4,336.41
$4,884.17
$5,523.96

As per the above data, the indicated value by the income approach is between $4,300 and $5,500 (both
figures are rounded) for a 20 year period.

101

Interest rate is from Interest Rate Chart contained in the addenda of this report.

As of January 2013, the value indicated by the Income Approach is:
$1,540 to $1,970 (rounded) per kW
for a 2.8 kW, 5‐year old system with 20 years remaining of useful life.
The value indication using the average discount rate is
$1,740 per kW.

This data is considered to be very reliable since all details about the subject’s PV system were known.
Thus, the quality and quantity of the value conclusion are considered to be excellent. Given that this
value indicator is in such close range of the paired sales analysis, this value indication deserves
consideration.

Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:




The marketing of the PV system was not a major focus point for the listing agent. The listing
agent did not spend significant time educating potential buyers about the system.
The buyer’s agent stated that the buyer liked the system but was leery of maintaining and
operating the system.
Marketing time was 10 to 25 days quicker compared to two comparable homes (and compared
to the average days on market for the entire subdivision); values were stable during this time
period.

The PV system did appeal to the market and had a positive impact on marketability and market value.

Reconciliation of Each Value Indication:
Paired Sales Analysis
$1,070 to $1,780 per kW

Cost Approach
$1,780 per kW

Income Approach
$1,540 to $1,970 per kW (PV Value)
$1,750 per kW (average)
$2,280 to $2,300 per kW (GRM)

The paired sales analysis is the best indicator of market value because the paired sales data is very
strong.
The cost approach has reliable and current cost figures. Therefore, the value indication by the cost
approach is reliable and reflective of the market.
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The income approach value indication generated using PV Value is also very reliable given that all data
needed to utilize the tool was known and/or market‐derived. The data is very strong and the findings
reflect those found in using the paired sales analysis.
The income approach value indication using a GRM falls outside the value indications by the other
approaches and, therefore, deserves the least amount of consideration. Since there are so few rentals
in this area, the data set used to develop the GRM was not sufficient to produce a reasonably reliable
GRM.
In conclusion, given that all three approaches share a common value indication of either $1,750 or
$1,780 per kW, a reasonable value conclusion is $1,750 and $1,780 (rounded to the nearest 100th).

As of January 2013, the final value conclusion is:
$1,800 per kW
for a 2.8 kW, 5‐year old system with 20 years remaining of useful
life and with a location in Broomfield, Co, Subdivision “A.”
The marketing time was 27 days: 9 days faster than the subdivision average of 36 days.
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Broomfield, Subdivision “A”: Case Study 2
Subdivision
location:

Broomfield,
CO

SUBDIVISION A
$346,750 to $550,000
Price range of homes
Median: $395,000
sold102:

Number of
detached
homes:
Percentage of
Rentals:

Around 500

Age range of homes:

16%

Gross Rent Multiplier
chart for subdivision
(includes townhomes):

Quality of
Construction:
Number of
homes sold in 6
months103:
Number of PV
permits104:

Average to
Very Good

Type of homes:

Tract homes, mostly 2‐story on standard 5,000 to
19,000 sq.ft. lots

11

Range of above‐grade
square footages:

1800 – 4600

19

3 in the last year.
None prior to that.

Range of kWs
installed:

2.8‐8.6

Median kW
amount
installed:

6.02

Number of homes that
sold after they had PV
installed:
Range of cost for PV
systems over a three year
period:
Median gross cost of PV
systems:

Mode: no mode
2001 to 2009

$21,000 to $60,000 (before incentives)

$30,000 (before incentives)

GENERAL PROPERTY INFORMATION: Case Study 2
Sales Price of house:
7 years
Above‐grade sq.ft. of home:
27
Average Days on Market for
subdivision106:
March, 2013

Purchase Date:
Age of home:
Total days on
market105:
200
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: none known

102

$445,000
2661
28

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
104
Figures are for 2009, 2010, 2011 and 2012.
105
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
106
Information is based on sales that sold in the six months proper to the closing date of the subject property.
103
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MARKET CONDITIONS AT TIME OF SALE for Case Study 2 :
INCREASING
Inventory was clearly down at this point and multiple offers were starting to become common. This was
a new seller’s market with values slightly increasing at a rate of 0.8% per month for the three months
prior to this sale. Prior to January 2013, the market was stable.

PHOTOVOLTAIC SYSTEM For Case Study 2
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
5.6 kW
Listing Agent, Permit
Date of Permit
April, 2009
Permit
Manufacturer of panels
bp Solar
Permit
Warranty on panels
25 Years
Permit
Manufacturer of Inverter
Sunny Boy
Permit
Warranty on Inverter
5 or 10 Years Permit
Type
Fixed
Permit, Observation
Tilt
22.6
Observation
Energy Production per panel
200 watts
Permit
Energy Production Estimate (for 1 year)
7875 kWh
PV Value
Location
Roof
Permit, Observation
Age of panels
4 years
Permit
Inverter type
Wall mount
Permit, Observation
Age of Inverter
4 years
Permit
Original gross cost
$30,360
Permit
Azimuth
195
Solmetric Roof Azimuth tool
Listing Agent: Agent did not spend time to educate the buyers about the system, however, the
listing agent felt the PV was a big positive and added $10,000‐$15,000 to the value. Agent felt
the buyers were savvy about the system. There was no impact on marketing time.
Buyer’s Agent: Buyers didn’t understand the system and were leery about signing a contract
with Xcel. Value added was probably around $5,000, though the sellers thought it was worth up
to $20,000 (which was NOT reasonable in the buyers’ minds). It was an obstacle to overcome
the seller’s idea of how much value the PV system contributed.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #2
DATA SOURCES
Attempts were made to contact or gather all of the following sources. The sources that are marked with
a check are for which information was successfully obtained for Case Study 2:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
2’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis107
A paired sales analysis takes place when very similar properties that sold recently are “paired” to other
sales. The difference in sale price between the properties is then attributed to the feature the other
property does not have.

Sale Date
Sale Price
Market Conditions
Days to Sale
Square Feet
Photovoltaic
Age of PV System

Comp 1

Comp 2

Comp 3

January, 2013

December, 2012

August, 2012

$350,000

$347,000

$345,000

Stable

Stable

Stable

27

52

37

2183

2144

2225

Yes: 2.8 kW

No

No

5 years

n/a

n/a

These are the same sales used for a paired sales analysis in Case Study 1. These sales are still applicable
to Case Study 2, even though Case Study 2 features a more expensive home. As noted earlier in this
study, the market does not show a preference for installing PV systems on any particular age home or
any particular value range of home. Additionally, the actual cost and income associated with PV systems
have no relation to the value of the home on which they are installed. Therefore, given that this paired
sale is from the same identical subdivision as Case Study 2, this is a relevant and applicable data set.
The three properties noted above are highly identical to one another (see footnote below). All three
listing agents were able to verify the sales. The paired sales analysis indicates that Comp 1’s PV system
had a contributory value of between $3000 and $5000 for a 2.8 kW system and sold between 10 and 25
days faster than Comps 2 and 3. This is a value indication of $1,070 to $1,780 per kW for a five‐year old
system.

107

Items not noted on the paired sales grid that are essentially identical are: conditions of sale, financing, market conditions,
garage count, above grade bathroom count, builder, quality of construction, lot sizes, location, views, finished basements and
general basement square footage.
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However, these sales are from late 2012 and early 2013. Values have increased 0.8% per month
between (early) January 2013 and (late) March 2013. Therefore, this value can be increased to reflect
changes in market conditions:
($3,000 to $5,000) X (.8% X 3) = $3,070 to $5,120 total value for a 2.8 kW system.
Therefore, as of March 2013, the contributory value of a five‐ year old 2.8 kW system is $1,100 to $1,830
per kW.
Since the subject property has a four‐year old system, the value conclusion for the subject property is
4% higher (based on the fact that it has 4% less depreciation than this property):
[$1,100 X 1.04 = $1,140 per kW] to [$1,830 X 1.04 = $1,900 per kW]
The figures generated above, indicate a total value for the subject’s 5.6 kW system at between $6,400
and $10,600 (both figures are rounded).
Thus, the following figures are the most reasonable conclusion:
As of March 2013, a value indication using the Paired Sales Analysis is:
$1,140 to $1,900 (rounded) per kW
for a 5.6 kW, 4‐year old system with 21 years remaining useful life.

B. Cost Approach (Using Local Builder Costs)
Using the replacement cost appraisal method, current builder costs were extracted using building
permit information for the City of Broomfield:
Date of
Permit

Subdivision

Total
system Cost

kWs

Cost
per kW

11/21/2012

BRM CC

$29,500

7.5

$3,933

11/21/2012

MCKAY LND

$29,900

7.99

$3,742

11/27/2012

BRM HEIGHTS

$23,760

7.92

$3,000

11/27/2012

WILLOW RUN

$29,800

6.213

$4,796

12/4/2012

BRANDYWINE

$8,640

2.88

$3,000

12/7/2012

GRNW PK

$20,160

6.72

$3,000

12/7/2012

WESTLAKE VILLAGE

$12,480

4.16

$3,000

12/7/2012

ASPEN CRK

$19,300

4.9

$3,939

12/11/2012

BRANDYWINE

$16,560

5.52

$3,000

12/11/2012

BRM HEIGHTS

$17,280

5.76

$3,000

12/11/2012

HIGHLAND PK SOUTH

$25,920

8.64

$3,000

12/17/2012

RIDGEVIEW HEIGHTS

$21,000

6

$3,500

12/17/2012

ASPEN CRK

$28,565

7.59

$3,764

12/20/2012

BLAND

$26,361

7.105

$3,710

Current local costs average $3,577 (rounded to $3,500) per kW. Therefore, a current cost estimate of
$3,500 per kW is reasonable.
Depreciation is based on the systems actual age (as of March, 2013), compared to its useful life:
Straight‐line age/life method
Age of system:
4 years
Useful life:
25 years108
4/25 = 16% depreciated

Since the subject property has a 5.6 kW system, the following calculations can be made:
5.6kW X $3,500 =
$19,600 less 16% depreciation =

$19,600
$16,464 (rounded to $16,500) = Cost Today

Cost today=
$1000 X 5.6 kW for functional obsolescence=

$16,500
‐$5,600
= $10,900

In conclusion, based on actual builder costs, the indicated value by the cost approach, as of March 2013
is $10,900 for a 5.6 kW system.
As of March 2013 a value indication using the Cost Approach is:
$1,950 (rounded) per kW
for a 5.6 kW, 4‐year old system with 21 years remaining of useful life.

The quality and quantity of the cost data are excellent; therefore, the cost estimate is a reasonable
indicator of market value.

108

The subject property’s PV system is 4 years and has a 25 year warranty. Total useful life is based on the life of the warranty.
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C. Income Approach (Using Gross Rent Multiplier)
A suitable, comparable rental property was not found, however, a reasonable GRM could be developed
based on general area rental data. Given the GRM chart for this subdivision, a reasonable GRM for the
subject property is 200.
By calculating the subject’s average estimated monthly savings, the GRM can be used to estimate the
value contribution of these savings.
1)
2)
3)
4)

Subject’s yearly energy production is estimated109 at 7875 kWh
Current utility rates are $0.11 per kWh
7875 kWh X $0.11 = $866.25/12 = $72.18 per month
$72.18 X (GRM of 200) = $14,436 (for a 5.6 kW system)

These figures are then reduced to a per kW estimate:
As of March, 2013, a value indication using the income approach is:
$2,600 (rounded) per kW
for a 5.6 kW, 4‐year old system with 21 years remaining of useful life.

109

The estimated savings rate is based on the probable number of kWh’s the system will generate in a year (per PV Value®) and
using current, local utility rates.

D. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 21 years. The system is already 4 years old; thus, the remaining useful
life is only 21 years. The applicable specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80023

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

5600
0.770
0.5

Basis Points (high)
Basis Points (average)
110
Net Yield Rate (Custom)

300
200
3.82

Tilt
Azimuth

22.6
195

Discount Rate(low)
Discount rate (average)

4.32
5.82

KWh Produced/Year

7875

Discount rate (high)

6.82

*Note: XXXX = User Input

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Operation & Maintenance
Inputs
15 Year (cents
55
per watt)
Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1,653.12
25
4
21

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$856.13

Present value estimate of accumulated energy production for remaining 21 years
Low
Average
High

$9,522.69
$10,426.85
$11,455.13

As per the above data, the indicated value by the income approach is between $9,500 and $11,500
(both figures are rounded).
As of March 2013 a value indication using the income approach is:
$1,670 to $2,050 (rounded) per kW
for a 5.6 kW, 4‐year old system with 21 years remaining useful life.
The value indication using the average discount rate is:
$1,860 per kW.

This data is considered to be very reliable since all details about the subject’s PV system were known.
Thus, the quality and quantity of the value conclusion are considered to be excellent.

110

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:






The listing agent and the buyer’s agent gave conflicting information about the buyer. However,
the buyer’s agents’ statements are considered more reliable and are given more consideration
(with regard to the buyer). Thus, it seems the buyers were not highly knowledgeable about the
system, though there is reason to doubt this conclusion (for reasons noted below).
Buyer’s agent felt the system contributed at least $5,000 to value, and nowhere near the
$20,000 that the sellers were hoping to receive. The listing agent felt the PV system generated
$10,000 to $15,000 extra, though this seems unlikely given the selling agent’s feedback and data
generated from the paired sales analysis.
Marketing time was the same as other properties. However, this appears to be due to the
severe lack of inventory overall (and not just of homes with PV systems).

Therefore, the PV system did appeal to the market somewhat and was a positive feature. Both agents
agreed the system added value. Based on the agents’ comments, a reasonable conclusion to draw is that
the system added between $5,000 and $10,000 to the value, with more emphasis on the lower end of
the value range. This clearly indicates that this PV system (to the buyers) was a superadequacy.
Reconciliation of Each Value Indication:
Paired Sales Analysis
$1,140 to $1,900 per kW

Cost Approach
$1,950 per kW

Income Approach
$1,640 to $2,050 per kW (PV Value)
$1,860 per kW (average)
$2,600 per kW (GRM)

The paired sales analysis, despite consisting of homes of lower value than the subject property, is still
very applicable since all of the sales are from the same immediate subdivision (and builder). The data
included in the paired sales analysis is very strong and is therefore given a good deal of consideration in
the reconciliation.
The cost approach has reliable and current cost figures. Therefore, the value indication by the cost
approach is reliable and reflective of the market.
The income approach value indication generated using PV Value is also very reliable given that all data
needed to adequately utilize the tool was either known or market‐derived. The data is very strong and
the findings reflect those found using the paired sales analysis and the cost approach.
The income approach using the GRM was outside the other value indicators and therefore deserves the
least amount of consideration in the reconciliation. It is exceedingly rare for properties in this price
range to be rented; therefore, the data set available to develop the GRM was too small to be reliable.

In conclusion, given that all three approaches to value share a very narrow indication range of $1,860 to
$1,950 per kW, a reasonable conclusion of value for this PV system is:

As of March 2013, the value is:
$1,900 per kW
for a 5.5 kW, 4‐year old system with 21 years of remaining
useful life and a location in Broomfield, Co, Subdivision “A”
PV System did not affect marketing time.

Case Study 2

P a g e | 123

Case Study 3

P a g e | 124

Broomfield, Subdivision “A”: Case Study 3
Subdivision
location:

Broomfield,
CO

SUBDIVISION A
$345,000 to $550,000
Price range of homes
Median: $369,000
sold111:

Number of
detached
homes:
Percentage of
Rentals:

Around 500

Age range of homes:

16%

Gross Rent Multiplier
chart for subdivision
(includes townhomes):

Quality of
Construction:
Number of
homes sold in 6
months112:
Number of PV
permits113:

Average to
Very Good

Type of homes:

Tract homes, mostly 2‐story on standard 5,000 to
19,000 sq.ft. lots

13

Range of above‐grade
square footages:

1800 – 4600

19

3 in the last year.
None prior to that.

Range of kWs
installed:

2.8‐8.6

Median kW
amount
installed:

6.02

Number of homes that
sold after they had PV
installed:
Range of cost for PV
systems over a three year
period:
Median gross cost of PV
systems:

Mode: no mode
2001 to 2009

$21,000 to $60,000 (before incentives)

$30,000 (before incentives)

GENERAL PROPERTY INFORMATION: Case Study 3
Sales Price of house:
9 years
Above‐grade sq.ft. of home:
11
Average Days on Market for
subdivision115:
December, 2012

Purchase Date:
Age of home:
Total days on
market114:
200
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: none known

111

$450,000
3002
49

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
113
Figures are for 2009, 2010, 2011 and 2012.
114
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
115
Information is based on sales that sold in the six months proper to the closing date of the subject property.
112

MARKET CONDITIONS AT TIME OF SALE for Case Study 3 :
STABLE
This property went under contract in October 2012. At that time, this market area was balanced and
stable. The significant lack of inventory was not yet notable (as it would be a few months later). Thus, in
this time period, the buyer and seller had equal negotiating powers and values were stable.

PHOTOVOLTAIC SYSTEM For Case Study 3
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
3.96 kW
Permit
Date of Permit
March, 2008 Permit
Manufacturer of panels
Day 4 Energy Permit
Warranty on panels
25 Years
(assumed)
Manufacturer of Inverter
Fronius
Permit
Warranty on Inverter
5 or 10 Years Permit
Type
Fixed
Permit, Observation
Tilt
22.6
Observation
Energy Production per panel
165 watts
Permit
Energy Production Estimate (for 1 year)
5432
PV Value
Location
Roof
Permit, Observation
Age of panels
4 years
Permit
Inverter type
Wall mount
Permit, Observation
Age of Inverter
4 years
Permit
Original gross cost
$9,103
Permit
Azimuth
205
Solmetric Roof Azimuth tool
Listing Agent: Buyers were scared of the PV system until the sellers gave them some
information about it. Listing agent thinks it cost the sellers $20,000 (gross) and $6,000 net
when they bought it. It did not sell faster because of PV. It did not sell for more because of PV.
Buyer’s Agent: Buyers thought it was “Nice to have it.” Buyers stuck to their offer regardless of
benefits of PV. PV added no value for these buyers (these buyers did not understand the
system).

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #3
DATA SOURCES
Attempts were made to contract or gather all of the following sources. The sources that are marked
with a check are those for which information was successfully obtained for Case Study 3:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data
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APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
3’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis116
Sale Date
Sale Price
Market Conditions:
Days to Sale
Square Feet
Basement Sq.Ft.
View
Bathrooms
Photovoltaic
Age of PV System

Subject

Comp 2

December, 2012

June, 2012

$450,000

$435,000

Stable

Stable

11

18

3002

2970

768

1486

Fronts to park/median

Residential

3 full, 1 half

2 full, 1 half

Yes: 3.96 kW

No

4 years

n/a

The properties noted above are very similar to the subject property (see footnote below). The higher
bathroom count of the subject property offsets the larger basement square footage of Comp 1. Both
sales were verified. As per interior photos available on MLS, there were no noted differences in
upgrades, finish features or overall condition. The only notable difference is the view of the subject
property. A $15,000 value for this view is reasonable (based on one paired sale from 2011).
Given the differences between the two properties (including the lack of good support for the view
adjustment), this paired sale is minimally reliable.
Thus, the above data concludes what both the listing agent and selling agent thought:
As of December 2012, a value indication using the Paired Sales Analysis is:
$0
for a 3.96 kW, 4‐year old system with 21 years remaining useful life.

116

Items not noted on the paired sales grid that are essentially identical are: conditions of sale, financing, market conditions,
garage count, builder, quality of construction, lot sizes, and unfinished basements.

B. Cost Approach (Using Local Builder Costs)
Using the replacement cost appraisal method, current builder costs were extracted using building
permit information for the City of Broomfield:
Date of
Permit

Subdivision

Total
system Cost

kWs

Cost
per kW

11/21/2012

BRM CC

$29,500

7.5

$3,933

11/21/2012

MCKAY LND

$29,900

7.99

$3,742

11/27/2012

BRM HEIGHTS

$23,760

7.92

$3,000

11/27/2012

WILLOW RUN

$29,800

6.213

$4,796

12/4/2012

BRANDYWINE

$8,640

2.88

$3,000

12/7/2012

GRNW PK

$20,160

6.72

$3,000

12/7/2012

WESTLAKE VILLAGE

$12,480

4.16

$3,000

12/7/2012

ASPEN CRK

$19,300

4.9

$3,939

12/11/2012

BRANDYWINE

$16,560

5.52

$3,000

12/11/2012

BRM HEIGHTS

$17,280

5.76

$3,000

12/11/2012

HIGHLAND PK SOUTH

$25,920

8.64

$3,000

12/17/2012

RIDGEVIEW HEIGHTS

$21,000

6

$3,500

12/17/2012

ASPEN CRK

$28,565

7.59

$3,764

12/20/2012

BLAND

$26,361

7.105

$3,710

Current local costs average $3,577(rounded to $3,500) per kW. Therefore, a current cost estimate of
$3,500 per kW is reasonable.
Depreciation is based on the system’s actual age (as of March, 2013), compared to its useful life:
Straight‐line age/life method
Age of system:
4 years
Useful life:
25 years117
4/25 = 16% depreciated

117

The manufacture for these solar panels has gone out of business (and they sold their assets to another company). It was not
known how long the warranty was for, however, is assumed to be 25 years since that is typical for the market. Total useful life
is based on this estimated warranty life.
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Since the subject property has a 3.96 kW system, the following calculations can be made:
3.96 kW X $3,500 =
$13,860 less 16% depreciation =

$13,860
$11,642 (rounded to $11,600) = Cost today

Cost today =
$1000 X 3.96kW for functional obsolescence=

$11,600
‐$3,960
$7,600 (rounded)

In conclusion, based on actual local costs, the indicated value by the cost approach, as of December
2012, is $7,600 for a 3.96 kW system.
As of December, 2012 a value indication using the Cost Approach is:
$1,920 (rounded) per kW
for a 3.96 kW, 4‐year old system with 21 years remaining of useful life.

In this instance, the cost approach data is considered to be very reliable since actual, current, local costs
were available. Therefore, the quality and quantity of the cost data is considered to be excellent.

C. Income Approach (using a Gross Rent Multiplier)
A suitable, comparable rental property was not found; however, a reasonable GRM could be developed
based on general area rental data. Given the GRM chart for this subdivision, a reasonable GRM for the
subject property is 200.
By calculating the subject’s average estimated monthly savings, the GRM can be used to estimate the
value contribution of these savings.
1)
2)
3)
4)

Subject’s yearly energy production is estimated118 at 5432 kWh
Current utility rates are $0.11 per kWh
5432 kWh X $0.11 = $597.52/12 = $49.79 per month
$49.79 X (GRM of 200) = $9,958 (for a 3.96 kW system)

These figures are then reduced to a per kW estimate:
As of December 2012, a value indication using the income approach is:
$2,520 (rounded) per kW
for a 3.96 kW, 4‐year old system with 21 years remaining of useful life.

118

The estimated savings rate is based on the probable number of kWh’s the system will generate in a year (per PV Value®) and
using current, local utility rates.

D. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 21 years. The system is already four years old; thus, the remaining
useful life is only 21 years. The applicable specifications for the subject property’s PV system are noted
below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80023

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

3960
0.770
0.5

Basis Points (high)
Basis Points (average)
119
Net Yield Rate (Custom)

300
175
3.62

Tilt
Azimuth

22.6
205

Discount Rate(low)
Discount rate (average)

4.12
5.37

KWh Produced/Year

5432

Discount rate (high)

6.62

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1670.59
25
4
21

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$590.51

Present value estimate of accumulated energy production for remaining 21 years
Low
Average
High

$6,156.37
$6,969.27
$7,925.88

As per the above data, the indicated value by the income approach is between $6,200 and $7,900 (both
figures are rounded).
As of December 2012, a value indication using the income approach is:
$1,560 to $2,000 (rounded) per kW
for a 3.96 kW, 4‐year old system with 21 years remaining useful life.
The value indication using the average discount rate is
$1,770 per kW.

This data is considered to be very reliable since all details about the subject’s PV system were known.
Thus, the quality and quantity of the value conclusion are considered to be excellent. This value
indication is above the value indication using the paired sales analysis.

119

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:





A paired sales analysis supported the listing agent’s and selling agent’s statements that this
property did not sell for more because of the PV system.
The listing agent did not feel the property sold faster or for more because of the PV system
(however, market data clearly indicates otherwise).
The listing agent did not actively market the specifics of the PV system.
The only comment in the MLS with regard to the PV system was one word: “Solar.” No details
were given about the system, and when interviewed, neither the listing agent nor the selling
agent knew any of the details about the system.

Therefore, the homebuyers did not show much interest in the PV system, nor were they given any
education about the system by the listing agent. No party felt the home sold for more because of the PV
system. The only positive comment either party made (during the interview) was that the PV system was
“nice to have.”

Reconciliation of Each Value Indication:
Paired Sales Analysis
$0

Cost Approach
$1,920 per kW

Income Approach
$2,520 per kW (GRM)
$1,560 to $2,000 per kW (PV Value)
$1,770 per kW(average)

The listing agent, selling agent and one weak paired sale indicate the PV system did not contribute value
to the sale of the subject property. As per the buyer’s agent, the buyers had no understanding or
interest in the potential system and were steadfast in refusing to pay for the system.
Since the listing agent did not know the details of the system, did not actively market the system and did
not work to educate the buyers about the system, the buyers ultimately gave it no value. Even though
Case Study 1 and Case Study 2 (which are located in the same subdivision as this property) had good
paired sale data indicating this market area was willing to pay for a PV system, this property sold
without that additional value. It is reasonable to conclude that the PV system could have contributed
value if the agent had worked to educate the buyers.
In other words, given that these buyers had no interest in paying a premium for the PV system and the
sellers were willing to accept an offer that did not include a premium, this PV system did not contribute
any value to the sale of the home.
Since there is proof (from Case Study 1 and Case Study 2) that PV systems add value in this
neighborhood, the conclusion was made that this buyer was not knowledgeable about the system and

therefore, did not meet the definition of market value. This was not a market value transaction. In
conclusion, because Case Study 3 did not meet the definition of market value, any value conclusion
reached for this property is not considered to applicable or relevant to this study.

As of December 2012, the value is:
not applicable
for a 3.96 kW, 4‐year old system with 21 years of
remaining useful life and a location in Broomfield, Co,
Subdivision “A”
Marketing time was 11 days vs. the 49 days which was the average for other homes in
the subdivision at this time period.
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Broomfield, Subdivision “B”: Case Study 4
Subdivision location:

Broomfield, CO

SUBDIVISION B
Price range of homes sold120:

Number of detached
homes:
Percentage of
Rentals:

Around 560

Age range of homes:

7%

Gross Rent Multiplier
information:

Quality of
Construction:

Average to Excellent

Type of homes:

Number of homes
sold in 6 months121:
Number of PV
permits122:
Range of kWs
installed:
Median kW amount
installed:

56

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

Purchase Date:
Age of home:
Total days on
market123:

1
4.1
4.1

GENERAL PROPERTY INFORMATION: Case Study 4
Sales Price of house:
5 years
Above‐grade sq.ft. of home:
156
Average Days on Market for
competing homes in the
subdivision124:
April, 2013

$225,000 to $1,025,000
Median: $445,250
Mode: $420,000
1998 to 2013
One rental was found for
$2900 for a very similar
home. $615,000/$2900 = 212
Mostly tract homes (some
custom), mostly 2‐story on
standard 5,000 to 15,000
sq.ft. lots
1900 – 4600
1 in the last year.
None prior to that.
$23,222 (before incentives)
$23,222 (before incentives)

$615,000
4217
108 (this only includes three
sales, thus it is not a very
reliable indicator).

212
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: none known

120

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
122
Figures are for 2009, 2010, 2011 and 2012
123
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
124
Information is based on sales that sold in the six months proper to the closing date of the subject property.
121

MARKET CONDITIONS AT TIME OF SALE for Case Study 4 :
STABLE
This price point (i.e. over $550,000) was stable during this time period, while the rest of the market was
experiencing increasing values.

PHOTOVOLTAIC SYSTEM For Case Study 4
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Selling Agent
kW
4.1 kW
Permit
Date of Permit
Aug, 2008
Permit
Manufacturer of panels
Kyocera
Permit
Warranty on panels
20 Years
Permit
Manufacturer of Inverter
Fronius
Permit
Warranty on Inverter
5 or 10 Years Permit
Type
Fixed
Permit, Observation
Tilt
18.43
Observation
Energy Production per panel
205 watts
Permit
Energy Production Estimate (for 1 year)
5788
PV Value
Location
Roof
Permit, Observation
Age of panels
5 years
Permit
Inverter type
Wall mount
Permit
Age of Inverter
5 years
Permit
Original gross cost
$23,222
Permit
Azimuth
193
Solmetric Roof Azimuth tool
Listing Agent: No feedback given.
Buyer’s Agent: Buyers thought the PV was a “cool add on”. It was a nice bonus, and they liked
to have it. They never would have [paid the actual cost of the system] to have it. It did not
contribute any major value, it was just an extra feature that was nice to have.

DETERMINING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #4
DATA SOURCES
Attempts were made to contact or gather all of the following sources . The sources that are marked with
a check are those for which information was successfully obtained for Case Study 4:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

Case Study 4

P a g e | 133

Case Study 4

P a g e | 134
APPRAISAL METHODS
The appraisal methods noted below were used to help determine the contribution value (if any) of Case
Study 4’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis

Sale Date
Sale Price
Market Conditions
Days to Sale
Square Feet
View
Photovoltaic
Age of PV System

Subject

Comp 1

April, 2013

November, 2012

$615,000

$643,000

Stable

Stable

156

372

4022

4022

Residential

Golf Course

Yes: 4.1 kW

No

5 years

n/a

The subject property and Comp 1 are the identical model of home. Comp 1, however, has a golf course
view. Both properties have unfinished basements, three car garages and extremely similar overall
interior finish features. There is a total of a $28,000 value difference between these two properties. The
gap of $28,000 on Comp 1 represents the superior view and the PV system of the subject property.
There were no reasonable paired sales in this price range to show the precise value of the golf course
view. There were paired sales from a lower price range, but ultimately, that data did not translate to the
higher valued homes.
Past paired sales data (from three to five years ago) suggests that the golf course view had a value of
between $15,000 and $20,000; however, that data is too old to be relevant given that the market
conditions were so different in that time period.
Therefore, the exact value contribution of the PV system is not discernible.
The following is the reasonable conclusion:
As of April 2013, a value indication using the Paired Sales Analysis is:
Inconclusive, but likely more than $0
for a 4.1 kW, 5‐year old system with 15 years remaining useful life.

B. Cost Approach (Using Local Builder Costs)
Using the replacement cost appraisal method, current builder costs were extracted using building
permit information for the City of Broomfield:
Date of
Permit

Subdivision

Total
system Cost

kWs

Cost
per kW

11/21/2012

BRM CC

$29,500

7.5

$3,933

11/21/2012

MCKAY LND

$29,900

7.99

$3,742

11/27/2012

BRM HEIGHTS

$23,760

7.92

$3,000

11/27/2012

WILLOW RUN

$29,800

6.213

$4,796

12/4/2012

BRANDYWINE

$8,640

2.88

$3,000

12/7/2012

GRNW PK

$20,160

6.72

$3,000

12/7/2012

WESTLAKE VILLAGE

$12,480

4.16

$3,000

12/7/2012

ASPEN CRK

$19,300

4.9

$3,939

12/11/2012

BRANDYWINE

$16,560

5.52

$3,000

12/11/2012

BRM HEIGHTS

$17,280

5.76

$3,000

12/11/2012

HIGHLAND PK SOUTH

$25,920

8.64

$3,000

12/17/2012

RIDGEVIEW HEIGHTS

$21,000

6

$3,500

12/17/2012

ASPEN CRK

$28,565

7.59

$3,764

12/20/2012

BLAND

$26,361

7.105

$3,710

Current local costs average $3,577 (rounded to $3,500) per kW. Therefore, a current cost estimate of
$3,500 per kW is reasonable.
Depreciation is based on the systems actual age (as of April 2013), compared to its useful life:
Straight‐line age/life method
Age of system:
5 years
Useful life:
20 years125
5/20 = 25% depreciated

Since the subject property has a 4.1 kW system, the following calculations can be made:

125

4.1 kW X $3,500=
$14,350 less 25% depreciation =

$14,350
$10,762 (rounded to $10,800)= Cost Today

Cost Today =
$1000 X 4.1 kW for functional obsolescence=

$10,800
‐$4,100
$6,700

The subject property’s PV system is 5 years and has a 20 year warranty. Total useful life is based on the life of the warranty.
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Thus, as per actual local builder costs, the indicated value by the cost approach, as of April 2013, is
$6,700 for a 4.1 kW system.
As of April 2013, a value indication by the cost approach is:
$1,630 (rounded) per kW
for a 4.1 kW, 5‐year old system with 15 years of remaining useful life.

In this instance, the cost approach data is considered to be very reliable since actual, current, local costs
were available. Therefore, the quality and quantity of the cost data are considered to be excellent.

C. Income Approach (Using a Gross Rent Multiplier)
One rental property was found of a similar property. The property had an advertised rental rate of
$2900. Given the subject’s sale price of $615,000, the indicated GRM is 212.
By calculating the subject’s average estimated monthly savings, the GRM can be used to estimate the
value contribution of these savings.
5)
6)
7)
8)

Subject’s yearly energy production is estimated126 at 5788 kWh
Current utility rates are $0.11 per kWh
5788 kWh X $0.11 = $636.68/12 = $53.05 per month
$53.05 X (GRM of 212) = $11,248 (for a 4.1 kW system)

These figures are then reduced to a per kW estimate:
As of April 2013, the value indicated using the income approach is:
$2,740 (rounded)
per kW for a 4.1 kW, 5 year old system with 15 years remaining of useful life.

Given that the GRM is generated using data from one property that is merely advertised for rent (and
not actually rented), the GRM is very weak and therefore, is given no consideration in the reconciliation
of values.

126

The estimated savings rate is based on the probable number of kWh’s the system will generate in a year (per PV Value®) and
using current, local utility rates.
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D. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 15 years. The system is already five years old, thus, the remaining
useful life is only 15 years, as the warranty period on this product is only 20 years. The applicable
specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80023

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

4100
0.770
0.5

Basis Points (high)
Basis Points (average)
127
Net Yield Rate (Custom)

300
1755
3.59

Tilt
Azimuth

18.4
193

Discount Rate(low)
Discount rate (average)

4.09
5.34

KWh Produced/Year

5788

Discount rate (high)

6.59

*Note: XXXX = User Input

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

2.21

Operation & Maintenance
Inputs
15 Year (cents
55
per watt)
Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1,787.66
20
5
15

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$625.95

Present value estimate of accumulated energy production for remaining 15 years
Low
Average
High

$5,060.20
$5,585.70
$6,179.148

As per the above data, the indicated value by the income approach is between $5,100 and $6,200 (both
figures are rounded) for a 4.1 kW system.
As of April 2013, a value indication using the income approach is:
$1,240 to $1,500 (rounded) per kW
for a 4.1 kW, 5‐year old system with 15 years remaining of useful life.

This data is considered to be very reliable since all details about the subject’s PV system were known.
Thus, the quality and quantity of the value conclusion are considered to be excellent.

127

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:




The listing agent did not provide feedback.
The selling agent indicated that the buyers did like the system and that it was not a “major
value” feature. The PV system was a “nice bonus” and a good “add on.”
There are extremely few PV systems in this subdivision.

The PV system did appeal to the market and was a positive feature. The selling agent did not specifically
indicate one way or the other what the exact value to the PV system was, only that the buyers thought it
was “cool” and that they “would not pay” the retail price to purchase one. This supports the conclusion
that PV systems are a superadequacy in this market area.

Reconciliation of Each Value Indication:
Paired Sales Analysis
Inconclusive, but more than $0

Cost Approach
$1,630 per kW

Income Approach
$2,740 per kW (GRM)
$1,240 to $1,500 per kW (PV Value)

The paired sales analysis and the buyer’s agent indicate that the PV system has a positive value, but an
exact dollar figure could not be developed with available area sales.
The cost approach is applicable, as the buyers themselves made reference to the cost and the fact that
they would not pay the cost to have the system installed, but liked having the system. Therefore, the PV
system was a superadequacy and the cost approach is applicable to buyers in this market area.
The income approach using the PV Value tool is applicable in this market area and a reflection of buyers’
actions (this conclusion can be drawn from the fact that the buyers thought it did add value, but not
“major value”, to the property).
The income approach using the GRM gave a value indication that was outside of other value indicators
and therefore, was not given any consideration.

In conclusion, the final value estimate is based mainly on the figure generated using the paired sales
analysis:

As of April 2013, the value is:
$1,500 to $1,630 per kW
for a 4.1 kW, 5‐year old system with 15 years remaining of
useful life and with a location in Broomfield, Co, Subdivision
“B”
Data regarding the marketing time was inconclusive.
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Broomfield, Subdivision “C”: Case Study 5
Subdivision location:

Broomfield, CO

SUBDIVISION C
Price range of homes sold128:

Number of detached
homes:
Percentage of
Rentals:
Quality of
Construction:

Over 1000

Age range of homes:

Number of homes
sold in 6 months129:
Number of PV
permits130:
Range of kWs
installed:
Median kW amount
installed:

66

9%

Gross Rent Multiplier chart for
subdivision:
Average to Excellent Type of homes:

3
1.38‐ 4.76
2.7

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

GENERAL PROPERTY INFORMATION: Case Study 5
Sales Price of house:
5 years
Above‐grade sq.ft. of home:
23
Average Days on Market for
subdivision132:
August, 2011

Purchase Date:
Age of home:
Total days on
market131:
205
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: none known

$275,000 to $615,000
Median: $409,330
Tri‐Model: $352,000,
$435,000 and $505,000
2005 to 2013
Not able to retroactively
locate rental data from 2011.
Mostly tract homes. Mostly
2‐story on standard 5,000 to
15,000 sq.ft. lots
1200 – 4500
1 in 2011
None prior to that.
$2,700 to $32,000 (before
incentives)
$14,300 (before incentives)

$410,000
2518
90

MARKET CONDITIONS AT TIME OF SALE for Case Study 5 :
STABLE
Values were stable after a period of decline. While the greater market area was experiencing some
short‐sales and REO properties, they were not noted in this subdivision. This area was stable with no
indication of increasing (or decreasing) value trends.

128

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
130
Figures are for 2009, 2010, 2011 and 2012.
131
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
132
Information is based on sales that sold in the six months proper to the closing date of the subject property.
129

PHOTOVOLTAIC SYSTEM For Case Study 5
Details of the subject’s
PV system:

Realtor comments:

Category
Details
Source
Ownership
Owned
MLS listing
kW
2.1 kW
Permit
Date of Permit
July, 2008
Permit
Manufacturer of panels
Sun Power
Permit
Warranty on panels
25 Years
Permit
Manufacturer of Inverter
Sun Power
Permit
Warranty on Inverter
10 Years
Permit
Type
Fixed
Permit, Observation
Tilt
18.43
Observation
Energy Production per panel
210 watts
Permit
Energy Production Estimate (for 1 year)
3011
PV Value
Location
Roof
Permit, Observation
Age of panels
3 years
Permit
Inverter type
Wall mount
Permit
Age of Inverter
3 years
Permit
Original gross cost
$18,900
Permit
Azimuth
180
Solmetric Roof Azimuth tool
Listing Agent: Did not call back.
Buyer’s Agent: The buyer’s agent is not disclosed on MLS listing, thus, the agent is unknown
and could not be contacted.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #5
DATA SOURCES
Attempts were made to contact or gather all of the following sources. The sources that are marked with
a check are those for which information was successfully obtained for Case Study 5:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data (current data from 2013, not from 2011)

APPRAISAL METHODS
The appraisal methods noted below were used to help determine the contribution value (if any) of Case
Study 5’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)
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Paired Sales Analysis133
A paired sales analysis occurs when very similar properties that were sold recently are “paired” to other
sales. The difference in sale price between the properties is then attributed to the feature the other
property does not have.

Sale Date
Sale Price
Market Conditions
Days to Sale
Square Feet
Photovoltaic
Age of PV System
Relevant Prior Sale

Subject

Comp 1

Comp 2

August, 2011

May, 2010

January, 2011

$410,000

$394,000

$440,000

Stable

Stable

Stable

23

34

178

2518

2518

2518

Yes: 2.1 kW

No

No

3 years

n/a

n/a

03/13/2006 for $397,510

09/22/2006 for $377,240

08/24/2006 for $403,840

The listing agent was not able to be contacted and the selling agent was not listed on the MLS. Thus, the
sale of the subject property was not able to be verified. The above paired sales analysis suggests that
the home with the PV system sold for less than the other homes, given the prior sales in 2006 at the
time of new construction. However, there is reason to suspect this property sold with motivating
circumstances (based on comments in MLS). However, since this cannot be verified, the paired sale
noted above is considered to be inconclusive.
Thus, the following figure is the most reasonable conclusion:
As of August 2011, a value indication using the Paired Sales Analysis is:
INCONCLUSIVE
for a 2.1 kW, 3‐year old system with 22 years remaining useful life.

133

Items not noted on the paired sales grid that are essentially identical are: conditions of sale, financing, market conditions,
garage count, above grade bathroom count, builder, quality of construction, lot sizes, location, views, finished basements and
general basement square footage.

B. Cost Approach (Using Local Builder Costs)
Using the replacement cost appraisal method, current builder costs were extracted using building
permit information for the City of Broomfield:
Date of
Permit
10/22/2010
01/17/2013
03/12/2013

Subdivision

Total
system Cost

kWs

Cost
per kW

32385
12587
6600

4.76
2.4
1.38

$6,803
$5,244
$4,782

ANTHEM
ANTHEM
ANTHEM

This property was purchased in 2011. As noted in the dates above, there is no cost data as of August
2011; however, the costs in 2010 were near $6,800 per kW and in 2013, they averaged $5,000 per kW.
In conclusion, the average costs were between $5,200 per kW and $6,800 per kW in 2011.
Therefore, it is reasonable to use a cost of $5,900 per kW for this market area, ssince the property
closed in August 2011. Also, note that this figure of $5,900 is higher than the market average because
these homes have tile roofs‐ which results in higher installation costs.
The subject property has a 2.1 kW system; therefore, the following calculations can be made:
2.1 kW X $5,900 =$12,390
Depreciation is based on the systems actual age (as of August, 2011), compared to its useful life:
Straight‐line age/life method
Age of system:
3 years
Useful life:
25 years134
3/25 = 12% depreciated
$12,390 less depreciation
Cost Today =
$1000 X 2.1 kW for functional obsolescence

= $10,903 = Cost Today
= $10,903
= $2,100
=$8,800 (rounded)

Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$8,800.

134

The subject property’s PV system is 3 years and has a 25 year warranty. Total useful life is based on the life of the warranty.
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As per actual builder costs, the indicated value by the cost approach is $8,800 for a 2.1 kW system.
As of August 2011, a value indication using the cost approach is:
$4,190 (rounded) per kW
for a 2.1 kW, 3‐year old system with 22 years remaining useful life. This is for a
property with a concrete tile roof.

In this instance, the cost approach data is considered to have minor relevance. The cost to install PV
systems is higher on properties with concrete tile roofs than on properties with composition roofs.
There is no evidence that the market is willing to pay for this added expense, which is likely one of the
main reasons there are so few homes in this subdivision with PV systems. Therefore, while the system
has normal functional obsolescence for the market area (i.e. it costs more to install than it is worth), this
property has additional functional obsolescence for the additional cost associated with installing the PV
system on a concrete tile roof.

C. Income Approach (Using Gross Rent Multiplier)
The subject property sold in 2011, so no relevant rental data from 2011 was found. Rental rates have
been fairly stable from 2011 to 2013, and therefore current rental data is considered to be a reliable
indicator of the area GRM in 2011. Current rental data (from 2013) is as follows:
Sales Price
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500000
300000
130

180

230

Gross Rent Multiplier

The GRM for the neighborhood ranges from 169 to 210. The most similar properties are those with a
GRM near 210. Thus, 210 is the most relevant GRM.
By calculating the subject’s average estimated monthly savings, the GRM can be used to estimate the
value contribution of these savings.
1)
2)
3)
4)

Subject’s yearly energy production is estimated135 at 3011 kWh
Utility rates were just under $0.11 per kWh, however, $0.11 is used for this study
3011 kWh X $0.11 = $331.21/12 = $27.60 per month
$27.60 X (GRM of 210) = $5,796 (for a 2.1 kW system)

These figures are then reduced to a per kW estimate:

135

The estimated savings rate is based on the probable number of kWh’s the system will generate in a year (per PV Value®) and
using local utility rates.
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As of August 2011, the value indicated using the income approach is:
$2,760 (rounded) per kW
for a 2.1 kW, 3‐year old system with 22 years remaining of useful life.

D. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 22 years. The system is already three years old, thus, the remaining
useful life is only 22 years. The applicable specifications for the subject property’s PV system are noted
below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80023

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

2100
0.770
0.5

Basis Points (high)
Basis Points (average)
136
Net Yield Rate (Custom)

300
175
4.54

Tilt
Azimuth

18.4
180

Discount Rate(low)
Discount rate (average)

5.04
6.29

KWh Produced/Year

3011

Discount rate (high)

7.54

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$757.48
25
3
22

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$329.00

Present value estimate of accumulated energy production for remaining 22 years
Low
Average
High

$3,408.13
$3,837.75
$4,344.54

According to the above data, the indicated value by the income approach is between $3,400 and $4,300
(both figures are rounded) for a 2.1 kW system.
As of August 2011, a value indication using the income approach is:
$1,620 to $2,050 (rounded) per kW
for a 2.1 kW, 3‐year old system with 22 years remaining of useful life.
The value indication using the average discount rate is
$1,810 (rounded) per kW.

136

Interest rate is from Interest Rate Chart contained in the addenda.
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In this circumstance, this data is considered relevant. While the listing agent was not able to be
personally reached, the listing agent did provide extensive written comments in the MLS listing
regarding the subject’s PV system. The listing agent specifically made reference to savings being “50%
per month” and to a “cost benefit” analysis that could be provided to any potential buyers. This is an
indication that the buyer was educated as to the economic benefits of the system (though, this could
not be directly verified). Therefore, this value indicator is given consideration in the reconciliation of
values.

Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:






The buyer’s agent did not provide feedback. The listing agent also did not provide any feedback,
but did include extensive information in the MLS regarding the PV system and its income
benefits.
Since the MLS listing had extensive comments regarding the benefits of the PV system, this is
evidence that the listing agent did actively market the system and attempt to educate the
buyers as to the income potential of the system.
PV systems are more expensive in this subdivision than normal because of their concrete tile
roofs.

A paired sales analysis was inconclusive; though it was possible Case Study 5 was a motivated sale with
atypical selling circumstances. None of this, however, could be verified by a party involved in the sales
transaction.

Reconciliation of Each Value Indication:
Paired Sales Analysis
Inconclusive

Cost Approach
$4,190 per kW

Income Approach
$2,760 per kW (GRM)
$1,620 to $2,050 per kW (PV Value)

The paired sales analysis proved inconclusive. Neither the listing agent nor the selling agent was able to
be contacted. It was not clear how to interpret the data due to lack of feedback from anyone involved in
the transaction.
The cost approach data is not given any consideration in the final reconciliation. The subject property is
located in an area that has very few PV systems. Also, costs are higher to install PV systems in this
subdivision because the homes have concrete tile roofs.

The value indication using the GRM is outside of all other value indicators and therefore, is given no
consideration in the reconciliation.
The value indication from the income approach (using the PV Value tool) had a value indicator of
between $1,620 and $2,050 per kW. The lower end of this value range is consistent with other market
data for the Broomfield market area.
In conclusion, the final value estimate is based solely on the income approach

As of August 2011, the value is:
$1,620 per kW
for a 2.1 kW, 3‐year old system with 22 years remaining of
useful life and with a location in Broomfield, Co, Subdivision
“C”
Marketing time was 23 days: 67 days less than the market average of 90 days.
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Broomfield, Subdivision “D”: Case Study 6
Subdivision
location:

Broomfield, CO

SUBDIVISION D
Price range of homes
sold137:

Number of
detached homes:
Percentage of
Rentals:

Over 1000

Age range of homes:

28%

Gross Rent Multiplier chart
for subdivision:

$130,000 to $308,000
Median: $215,000
Mode: $230,000
1956 to 1979

240000
Sales Price
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220000
200000
180000
105

125

145

165

Gross Rent Multiplier

Quality of
Construction:
Number of homes
sold in 6
months138:
Number of PV
permits139:
Range of kWs
installed:

Fair to Average

Type of homes:

Tract homes. Mostly brick ranch homes on
standard 5,000 to 12,000 sq.ft. lots

29

Range of above‐grade
square footages:

1000 – 2500

18

1 in 2011
None prior to that.

Median kW
amount installed:

5.52

Number of homes that sold
after they had PV installed:
Range of cost for PV
systems over a three year
period:
Median gross cost of PV
systems:

Purchase Date:
Age of home:
Total days on
market140:

2.22‐8.93

$13,700 to $43,200 (before incentives)

$23,000 (before incentives)

GENERAL PROPERTY INFORMATION: Case Study 6
Sales Price of house:
56 years
Above‐grade sq.ft. of home:
4 (Note: 5 offers
Average Days on Market for
were received on
subdivision141:
May, 2013

$245,000
1160
51

this property)
170

Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: none known

137

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
139
Figures are for 2009, 2010, 2011 and 2012
140
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
141
Information is based on sales that sold in the six months proper to the closing date of the subject property.
138

MARKET CONDITIONS AT TIME OF SALE for Case Study 6 :
INCREASING
This property went under contract in April 2013 during which the market was overheated. Supply was
significantly below demand and it was common for properties to receive multiple offers. Every buyer
was “desperate to buy”, as this listing agent stated. Values had been increasing at 0.8% per month since
January 2013.

PHOTOVOLTAIC SYSTEM For Case Study 6
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Listing Agent, Selling Agene
kW
6.75 kW
Permit, MLS listing
Date of Permit
August, 2011
Permit
Manufacturer of panels
Phono Solar
Permit
Warranty on panels
25 Years
Permit
Manufacturer of Inverter
Enphase Micro Permit
Warranty on Inverter
15 Years
Permit
Type
Fixed
Permit, Observation
Tilt
18.43
Observation
Energy Production per panel
225 watts
Permit
Energy Production Estimate (for 1 year) 7776
PV Value
Location
Roof
Permit, Observation
Age of panels
2 years
Permit
Inverter type
Wall mount
Permit
Age of Inverter
2 years
Permit
Original gross cost
$14,280142
Permit
Azimuth
92
Solmetric Roof Azimuth tool
Listing Agent: The average utility bills were $7 per month. Everyone liked the system. It was
hard to tell how it impacted value since there was a bidding war immediately upon the home
being listed for sale.
Buyer’s Agent: The buyers felt ok paying more for the house because the PV system would
reduce their utility bills to almost zero [i.e. the lack of utility bills allowed them to have a higher
mortgage]. Buyers were “very positive” about the “big” PV system.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #6
DATA SOURCES
Attempts were made to contact or gather all of the following sources. The sources that are marked with
a check are those for which information was successfully obtained for Case Study 6:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

142

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

This fee is for materials only. The homeowner installed the PV system himself.
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APPRAISAL METHODS
The appraisal methods noted below were used to help determine the contribution value (if any) of Case
Study 6’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using Rental Property comparable)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)
Income Approach (Mortgage Savings)

A. Paired Sales Analysis
Subject
Sale Price
Sale Date
Sale
Confirmed
Days to Sale
Square Feet
Photovoltaic
Notable
Feature
Other

Comp 1

$245,000

$242,500

May, 2013

March, 2013

Listing Agent
Selling Agent

Listing Agent

Comp 1
Adjustments

Comp 2

+4,000

February 2013

Comp 2
Adjustments

$262,000
+4000

Listing Agent

3

4

0

4

0

1160

1258

‐3,920

1272

‐4,480

Yes

No

0

No

0

Extensively
Remodeled

Extensively
Remodeled

0

Major Gut and
Remodel

‐20000

3 bed/1 bath up,
1 Garage
=$245,000

2 bed/2 bath up,
1 Garage

‐5000
0
=$237,580

2 bed/2 bath up,
1 Garage

‐5000
0
=$236,520

In this area, reasonable square footage adjustments are: $40 per square foot above grade, $7 per square
foot basement square footage, and $14 per square foot for basement finish area. A 3 bed/1 bath home
has a slightly lower market appeal than a 2 bed/2 bath home (per real estate agent feedback on both
the above comps). Time adjustments are based on changes in median home prices for this market area
and type of homes, as well as according to feedback both agents gave regarding market conditions (both
agents specifically indicated they would get about $4,000 more today).
Based on the above information, a reasonable value contribution of the PV system ranges from $7,420
to $8,480 for a 6.75 kW system.
Thus, the following figure is the most reasonable conclusion:
As of May 2013, a value indication using the Paired Sales Analysis is:
$1,100 to $1,260 (rounded) per kW
for a 6.7 kW, 2‐year old system with 23 years remaining useful life.

B. Cost Approach (Using Local Builder Costs)
Current builder costs were extracted using building permit information for the City of Broomfield:
Date of
Permit

kWs

Cost
per kW

07/08/2009

BRM HEIGHTS

35957

5.07

$7,683

12/31/2009

BRM HEIGHTS

13700

3.136

$4,368

09/01/2010

BRM HEIGHTS

23000

5

$4,600

03/01/2011

BRM HEIGHTS

29269

5.52

$5,302

03/29/2011

BRM HEIGHTS

32661

5.64

$5,790

04/18/2011

BRM HEIGHTS

19740

5.64

$3,500

07/27/2011

BRM HEIGHTS

31200

5.52

$3,858

08/22/2011

BRM HEIGHTS

13280

2.22

$5,981

05/04/2012

BRM HEIGHTS

33575

5.88

$5,710

05/17/2012

BRM HEIGHTS

33468

8.93

$3,747

06/05/2012

BRM HEIGHTS

17821

3.96

$4,500

Subdivision

Total
system Cost

Most current permits average $4,600 per kW; however, this data is nearly one year old, and given that
prices in all other areas have dropped to $3,500 per kW, $3,500 per kW is a reasonable cost estimate.
The subject property has a 6.7 kW system, thus:
6.7 kW X $3,500 per kW =

$23,450.

Depreciation is based on the system’s actual age (as of August 2013), compared to its useful life:
Straight‐line age/life method
Age of system:
2 years
Useful life:
25 years143
2/25 = 8% depreciated
$23,450 less depreciation

= $21,574, rounded to $22,000 = Cost Today

Cost Today =
$1000 X 6.7 kW for functional obsolescence

= $22,000
=$6,700
= $15,300

Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$15,300.
This figure is then used to draw the following conclusion:

143

The subject property’s PV system is 2 years and has a 25 year warranty. Total useful life is based on the life of the warranty.
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As of May 2013 a value indication using the cost approach is:
$2,280 (rounded) per kW
for a 6.7 kW, 2‐year old system with 23 years remaining useful life.

C. Income Approach (Using a Gross Rent Multiplier)
More than 28% of the properties in this subdivision are rented. Thus, there is ample rental data available
for comparison and a GRM is a reasonable indicator of market value in this subdivision. As noted in the
GRM chart provided earlier, a GRM for the subject property is 170.
By calculating the subject’s average estimated monthly savings, the GRM can be used to estimate the
value contribution of these savings.
1)
2)
3)
4)

Subject’s yearly energy production is estimated144 at 7776 kWh
Current utility rates are $0.11 per kWh
7776 kWh X $0.11 = $855.36/12 = $71.28 per month
$71.28 X (GRM of 170) = $12,117 (for a 6.75 kW system)

These figures are then reduced to a per kW estimate:
As of May 2013, the value indicated using the income approach is:
$1,800 (rounded)
per kW for a 6.7 kW, 2‐year old system with 23 years remaining of useful life.

Rental income is a factor that nearly 30% of potential buyers take into account when buying in this
neighborhood. Also, there is ample rental information available. For this reason, the income approach is
given consideration in the reconciliation of values. Also, the selling agent indicated the utility savings
were taken into consideration by the buyers; therefore, the GRM is a reasonable method to determine
the value contribution of the subject’s PV system.

144

The estimated savings rate is based on the probable number of kWh’s the system will generate in a year (per PV Value®) and
using local utility rates.

D. Income Approach (Rental Property)
The subject property sold for $245,000 with a PV system. A paired sales analysis was found by
comparing a property leased with a PV system, with one that was leased without a PV system. This
paired sales analysis come from a subdivision that is contiguous to the subject’s subdivision. The
contiguous subdivision features homes in the same price points, but most of the homes were built in the
early 1970s, not the late 1950s. Regardless, the two subdivisions are similar to one another.

Rent price
Purchase
Date
Rental Date
Style
Square Feet
Photovoltaic
Notable
Feature
Other

Rental 1

Rental 2

$1695

$1650

January 2013
$235,000

n/a

January 2013

May 2013

Ranch

Two Story

1290

1308

Yes145

No

Extensively
Remodeled

Newer home,
similar finish

3 bed/2 bath up,
2 Garage

3 bed/2 bath up,
2 Garage

The owner of Rental 1 (a real estate agent and investor), felt Rental 1 rented for $45 higher than market,
which is supported by the above paired sale. The buyer could not be sure if it rented for higher due to
the PV system or not.
The owner’s management company was, however, also surprised it was able to get such a high rent (i.e.
$45 per month above current rates) for Rental 1. This additional $45 was paid for a property with a 4.56
kW system. Thus, the property rented for $10 more per month, per kW. Since the subject property has a
6.7 kW system, a reasonable conclusion is that the subject property’s PV panels would command $67
more per month based on this rental information.
Given a GRM of 170, the $67 in extra rent indicates a possible value of $11,390 for a PV system of this
size.

As of May 2013, the value indicated using the income approach is:
$1,700 (rounded) per kW
for a 6.7 kW, 2 year old system with 23 years remaining of useful life.

145

These solar panels were leased. The lease was paid off at the time of purchase of the house. The sale price of this property
was $10,000 below the market value (per the buyer) due to a drainage issue.
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E. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 23 years. The system is already two years old; thus, the remaining
useful life is only 23 years. The applicable specifications for the subject property’s PV system are noted
below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80020

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

6700
0.770
0.5

Basis Points (high)
Basis Points (average)
146
Net Yield Rate (Custom)

300
175
3.59

Tilt
Azimuth

18.4
92

Discount Rate(low)
Discount rate (average)

4.09
5.34

KWh Produced/Year

7719

Discount rate (high)

6.59

*Note: XXXX = User Input

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Operation & Maintenance
Inputs
15 Year (cents
55
per watt)
Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1,897.08
25
2
23

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$854.05

Present value estimate of accumulated energy production for remaining 23 years
Low
Average
High

$10,041.72
$11,398.00
$13,016.78

As per the above data, the indicated value by the income approach is between $10,000 and $13,000
(both figures are rounded) for a 6.7 kW system.
As of May 2013, a value indication using the income approach is:
$1,500 to $1,940 (rounded) per kW
for a 6.7 kW, 2‐year old system with 23 years remaining of useful life.

In this circumstance, this data is considered very relevant. The selling agent indicated directly that the
buyers took into consideration the income this PV system would generate. This data is therefore a
reflection of how these buyers took into consideration the value contribution of the PV system.

146

Interest rate is from Interest Rate Chart contained in the addenda.

F. Income Approach (Mortgage)
When deciding to purchase the subject property, these buyers took the income of the PV system into
direct consideration when purchasing the home. They reasoned that they felt comfortable having a
higher mortgage in exchange for virtually no energy bills.
Based on the kWhs this 6.75 kW PV system is capable of producing ( an average of $71.17 in savings per
month), the buyers were able to spend an additional $70.00 (rounded) per month on their mortgage
knowing they would not spend that $70.00 on utility bills every month. This $70.00 translates into the
following additional value the homebuyers could finance at today’s lending rate of 3.59%:
$15,500 for a 6.75 kW system
When translated into a value per kW, the following figures are generated:

As of May 2013, a value indication using the income approach is:
$2,300 (rounded) per kW
for a 6.7 kW, 2‐year old system with 23 years remaining of useful life.

Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:




The selling agent was emphatic that the PV system added value to the property and the buyers
very much took into consideration the income the PV system would generate.
The house went under contract in four days with five offers.
The listing agent stated that everyone loved the PV system.

In this circumstance, the income of the PV system played a role in the sale price of the home.
Reconciliation of Each Value Indication:
Paired Sales Analysis
$1,100 to $1,260 per kW

Cost Approach
$2,280 per kW

Income Approach
$1,800 per kW (GRM)
$1,700 per kW (Rental Comparable)
$1,500 to $1,940 per kW (PV Value)
$2,300 per kW (Mortgage)

The paired sales analysis, given the large number of adjustments that were made to the sales, is weak
and is therefore given minimal consideration in the reconciliation.
The cost approach data is given full consideration as the cost approach is a direct reflection of how
buyers perceive the value of the PV system in this market area.
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The income approach value using a GRM is given the majority of the consideration. This was the best
indicator of market value and it is a strong indication. The data generated using the GRM is relevant and
taken into consideration. The data generated using PV Value mirrors the conclusion reached using the
GRM. The mortgage information is at the high end of the range and is given no weight since no other
indicators have this high of a value conclusion.
In conclusion, the final value estimate is based mainly on the figures generated from the income
approach. The majority of the income approach data points to the $1,700 to $1,800 value range. Thus,
this is the final value conclusion:

As of May 2013, the value is:
$1,700 to $1,800 per kW
for a 6.75 kW, 2‐year old system with 23 years remaining of
useful life and with a location in Broomfield, Co, Subdivision
“D”
Marketing time was 4 days: 47 days less than the market average of 51 days.
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Arvada, Subdivision “A”: Case Study 7
Arvada, CO

SUBDIVISION A
Price range of homes
sold147:

Number of
detached homes:
Percentage of
Rentals:

840

Age range of homes:

14%

Gross Rent Multiplier chart
for subdivision:

$183,500 to $344,500
Median: $251,000
Mode: $279,000
1952 to 1984

Sales Price

Subdivision
location:

300000
250000
200000
140

150

160

170

GRM

Quality of
Construction:
Number of
homes sold in 6
months148:
Number of PV
permits149:
Range of kWs
installed:

Average to
Good

Type of homes:

Mostly tract homes built in the 1970’s on
standard 5,000 to 15,000 sq.ft. lots

16

Range of above‐grade
square footages:

700 – 2200

12

1 in 2012
None prior to that.

Median kW
amount
installed:

5.76

Number of homes that sold
after they had PV installed:
Range of cost for PV
systems over a three year
period:
Median gross cost of PV
systems:

2.53‐ 9.98

$7,280 to $43,200 (before incentives)

$20,160(before incentives)

GENERAL PROPERTY INFORMATION: Case Study 7
August, 2012
$291,000
Purchase Date:
Sales Price of house:
30
years
1539
Age of home:
Above‐grade sq.ft. of home:
22
45
Total days on
Average Days on Market for
150
151
market :
subdivision :
168
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: Energy efficient furnace, tankless hot water heater

147

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
149
Figures are for 2009, 2010, 2011 and 2012.
150
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
151
Information is based on sales that sold in the six months proper to the closing date of the subject property.
148
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MARKET CONDITIONS AT TIME OF SALE for Case Study 7 :
STABLE
Seasonally, this market had been stable for the two years prior to the closing date of the subject
property. Marketing times were under two months and properties were selling at 98% to list price.
Supply and demand were in balance.

PHOTOVOLTAIC SYSTEM For Case Study 7
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Ownership
kW
Date of Permit
Manufacturer of panels
Warranty on panels
Manufacturer of Inverter
Warranty on Inverter
Type
Tilt
Energy Production per panel
Energy Production Estimate (for 1 year)
Location
Age of panels
Inverter type
Age of Inverter
Original gross cost

Details
Owned
4.76 kW
May, 2008

Source
Listing Agent, Selling agent
Permit
Permit
(unknown)
25 Years
(assumed)
(unknown)
10 Years
(assumed)
Fixed, tilted
Observation
45.00
Observation
(unknown)
6955
PV Value
Roof
Observation
4 years
Permit
Wall mount
(assumed)
4 years
(assumed)
$60,000152
Listing Agent
$37,242
Permit
Azimuth
182
Solmetric Roof Azimuth tool
Listing Agent: Added $20,000‐$25,000 to value. Agent had to work very diligently to educate
the buyers and agent had to be very proactive. Every potential buyer liked the system. Buyers
see a “great amount of value in solar systems that are owned.”
Buyer’s Agent: Buyers were elderly and extremely nervous about the system. It took a lot of
work to get them to educate them to the point that they “grew to understand the system.” The
buyers were on a fixed income. The buyers like the low utility bills but had no interest in paying
for having the lower utility bills. They did not think they added value, it was not a “big” deal.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #7
DATA SOURCES
Attempts were made to contact and gather data from all of the following sources. The sources that are
marked with a check are those for which information was successfully obtained for Case Study 7:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings

152

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research

This figure seems very unlikely since there are only 10 panels with a system size of 4.76 kW. If the PV system was $60,000,
which would have been a cost of $12,605 per kW, which is extremely high and not reflective of any actual costs from 2008
(when they bought the panels).

PV Value
Paired Sales Analysis

Subdivision Analysis
Area rental data (current data from 2013, not from 2012)

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
7’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis153
A paired sales analysis occurs when very similar properties that were sold recently are “paired” to other
sales. The difference in sale price between the properties is then attributed to the feature the other
property does not have.

Sale Date
Sale Price
Market Conditions
Days to Sale
Square Feet
View
Photovoltaic
Age of PV System

Subject

Comp 1

August, 2012

April, 2012

$291,000

$290,000

Stable

Stable

22

7

1539

1510

Park

Park

Yes: 4.76 kW

No

4 years

n/a

These PV panels were a bit unusual in that they did not lie flat against the roof. Rather, they were tilted
at a 45‐degree angle off the roof. The selling agent stated that the reason the couple bought this house
was the park view. The PV panels, to them, were a detriment at first. Once the buyers understood the
system, they decided it was a neutral feature to them. The above paired sale shows the panels did not
add value.
Thus, the following figure is the most reasonable conclusion:
As of August, 2012, a value indication using the Paired Sales Analysis is:
$0
for a 4.76 kW, 4 year old system with 21 years remaining useful life.

153

All other features are similar: style, year of construction, garage count, updating, condition, bed and bath count
and selling circumstances.
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B. Cost Approach (Using Local Builder Costs)
Using the replacement cost appraisal method, current builder costs were extracted using building
permit information for the City of Arvada:
Date of
Permit
08/02/2012
08/03/2012
08/30/2012

Subdivision

Total
system Cost

kWs

Cost
per kW

$21,521
$18,720
$35,000

5.39
6.24
9.98

$3,992
$3,000
$3,507

Ralston Valley
Ralston Valley
Ralston Valley

Based on the above permit data, a reasonable current cost estimate for a PV system in this area is
$3,500 per kW.
The subject property has a 4.76 kW system. Therefore, the following calculations can be made:
4.76 kW X $3,500

=$16,660

Depreciation is based on the system’s actual age (as of August 2012), compared to its useful life:
Straight‐line age/life method
Age of system:
4 years
Useful life:
25 years154
4/25 = 16% depreciated
$16,600 less depreciation
Cost Today =
$1000 X 4.76kw for functional obsolescence

= $13,944 = Cost Today
=$13,944
=‐$4,760
= $9,200 (rounded)

Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$9,200.
As per actual builder costs, the indicated value by the cost approach is $9,200 for a four‐year old 4.76
kW system. Given that the current costs to replace the subjects system is $9,200, it is unlikely that the
154

The subject property’s PV system is 4 years and is assumed to have a 25 year warranty. Total useful life is based on the life of
the warranty. If the estimated warranty period is incorrect, this could alter the conclusions and opinions reached in this report.

listing agent’s conclusion that these panels added “$20,000 to $25,000” to the value of the home is
correct. Thus, the listing agent’s statement is given no consideration.
As of August 2012 a value indication using the cost approach is:
$1,930 (rounded) per kW
for a 4.76 kW, 4‐year old system with 21 years remaining useful life.

In this instance, the cost approach data is considered to have no relevance. The elderly buyers only
came to accept the PV panels after an initial negative reaction to them. Thus, the selling agent believes
the buyers did not see value in the panels and, as a result, the actual cost of the panels was of no
relevance.

C. Income Approach (Using a Gross Rent Multiplier)
The subject property sold in 2012, so no relevant rental data from 2012 was found. Rental rates have
been fairly stable from late 2012 to mid‐2013, as a result, current rental data is considered to be a
reliable indicator of the area GRM in 2012.
The GRM for a like‐quality house is 168.
By calculating the subject’s average estimated monthly savings, the GRM can be used to estimate the
value contribution of these savings.
1)
2)
3)
4)

Subject’s yearly energy production is estimated155 at 6955 kWh
Utility rates were $0.11 in late 2012
6955 kWh X $0.11 = $765.05/12 = $63.75 per month
$63.75 X (GRM of 168) = $10,710 (for a 4.76 kW system)

These figures are then reduced to a per kW estimate:
As of August 2012, the value indicated using the income approach is:
$2,250 (rounded) per kW
for a 4.76 kW, 4 year old system with 21 years remaining of useful life.

It was interesting to note that the selling agent did state that the buyers liked the fact that they would
save on their utility bills. Clearly, there was an interest in the income this system would be able to
generate. Yet, he also stated that the fear of the technology was a major obstacle and prevented the
buyers from seeing any actual contributory value in the system.

155

The estimated savings rate is based on the probable number of kWh’s the system will generate in a year (per PV Value®) and
using local utility rates.
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D. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 21 years. The system is already four‐4 years old, thus, the remaining
useful life is only 21 years. The applicable specifications for the subject property’s PV system are noted
below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80004

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

4760
0.770
0.5

Basis Points (high)
Basis Points (average)
156
Net Yield Rate (Custom)

300
175
3.89

Tilt
Azimuth

45.0
182

Discount Rate(low)
Discount rate (average)

4.39
5.64

KWh Produced/Year

6955

Discount rate (high)

6.89

*Note: XXXX = User Input

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)
Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1952.34
25
4
21

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$756.06

Present value estimate of accumulated energy production for remaining 21 years
Low
Average
High

$7,864.95
$8,870.50
$10,052.42

As per the above data, the indicated value by the income approach is between $7,900 and $10,100
(both figures are rounded) for a 4.76 kW system.
As of August 2012, a value indication using the income approach is:
$1,660 to $2,120 (rounded) per kW
for a 4.76 kW, 4‐year old system with 21 years remaining of useful life.

Again, this data is considered relevant. The buyer liked the idea of saving on utility bills but saw no value
in paying for this feature.

156

Interest rate is from Interest Rate Chart contained in the addenda.

Summary and Conclusions
Market Perception/Reaction to the Subject’s PV system:






The listing agent’s assessment regarding the value contribution of the PV system does not
reflect market data.
Both agents stated that it was a large obstacle to educate the buyers about the system. At first it
was considered a negative, and then, after education, they grew to accept the system. They
never felt it was a positive.
A paired sales analysis shows the PV system had no contributory value.
The panels were unsightly as they did not lay flat on the roof.

There was one additional factor that may have been a factor in the buyer’s eyes: these panels were
installed at an angle that was tilted away from the roof (i.e. they did not lay flat). As a result, they looked
very much like the old hot water solar panels that the market area was adverse to. This unusual setpup
was part of the reason the panels, at first, were a negative to the buyers.

Reconciliation of Each Value Indication:
Paired Sales Analysis
$0

Cost Approach
$1,930 per kW

Income Approach
$2,250 per kW (GRM)
$1,660 to $2,120 per kW (PV Value)
The paired sales analysis included on strong paired sale. This paired sale, combined with the buyers’
agent’s comments, supports the conclusion that the system added no value to the property.
The cost approach data is given no consideration in the final reconciliation. The buyers, at first, saw the
panels as a negative feature (and eventually grew to merely accept them). The buyers never considered
the actual cost of the system as relevant. The cost approach was not a reflection of actions of the buyers
for this sale.
The income approach to value is given consideration. The buyers liked the idea of very low utility bills
but had no interest in paying a premium for this feature.
In conclusion, even after being educated about the system and learning the income potential of the
system, the buyers had no interest in paying a premium to have the PV system. The final value estimate
is based on the paired sales analysis and the lack of relevance of the cost approach and the income
approach:
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As of August 2012, the value is:
$0
for a 4.76 kW, 4‐year old system with 21 years remaining of
useful life and with a location in Arvada, Co, Subdivision “A”
Marketing time was 22 days: 23 days less than the market average of 45 days.

Arvada, Subdivision “A”: Case Study 8
Arvada, CO

SUBDIVISION A
Price range of homes
sold157 in market area:

Number of
detached homes
in subdivision:
Percentage of
Rentals:

840

Age range of homes:

14%

Gross Rent Multiplier chart
for market area:

$159,900 to $684,000
Median: $258,750 (3% increase over 6 mths)
Tri‐Model: $275,000, $310,000 and $315,000
1952 to 1984 (the subjects small infill sub‐area
consists of 22 homes built between 1995 and
1996 )

Sales Price

Subdivision
location:

300000
250000
200000
140

150

160

170

GRM

Quality of
Construction:
Number of
homes sold in 6
months158:
Number of PV
permits159:
Range of kWs
installed:

Average to
Good

Type of homes:

Mostly tract homes built in the 1970’s on
standard 5,000 to 15,000 sq.ft. lots

58

Range of above‐grade
square footages:

700 – 2200

12

1 in 2013
1 in 2012.

Median kW
amount
installed:

5.76

Number of homes that sold
after they had PV installed:
Range of cost for PV
systems over a three year
period:
Median gross cost of PV
systems:

2.53‐ 9.98

$7,280 to $43,200 (before incentives)

$20,160(before incentives)

GENERAL PROPERTY INFORMATION: Case Study 8
Sales Price of house:
17 years
Above‐grade sq.ft. of home:
100
Average Days on Market for
subdivision161:
March, 2013

Purchase Date:
Age of home:
Total days on
market160:
175
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: None noted

157

$310,000
1707
45

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
159
Figures are for 2009, 2010, 2011 and 2012.
160
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
161
Information is based on sales that sold in the six months proper to the closing date of the subject property.
158
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MARKET CONDITIONS AT TIME OF SALE for Case Study 8 :
INCREASING
Values increased 0.5% per month over the prior six months. Inventory was down and sale‐to‐list price
ratios rose to 99% (which is abnormally high). Multiple offers were common. The number of sales
increased nearly four‐fold compared to six months prior.

PHOTOVOLTAIC SYSTEM For Case Study 8
Details of the subject’s
PV system:

Real Estate Agent
comments:

Other note:

Category
Ownership
kW

Details
Owned
5.72

Date of Permit

August,
2007

Source
Listing Agent, Selling agent
(assumed based on costs in
2007 of $6,500 per kW)
Permit

Manufacturer of panels
(unknown)
Warranty on panels
25 Years
(assumed)
Manufacturer of Inverter
(unknown)
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation
Tilt
22.60
Observation
Energy Production per panel
(unknown)
Energy Production Estimate (for 1 year)
8159
(assumed)
Location
Roof
Observation
Age of panels
6 years
Permit
Inverter type
Wall mount
(assumed)
Age of Inverter
6 years
(assumed)
Original gross cost
$37,227
Permit
Azimuth
197
Solmetric Roof Azimuth tool
Listing Agent and Buyer’s agent were one and the same: In the MLS, the agent stated “Solar
panels are owned and have many years left on the warranty. Solar panels make for huge
savings on electric bill.” The agent did not know the size of the system. The panels were “of
interest to the buyers because Green is in.” Most buyers did not understand the systems or
care to know their potential. They did add some value. Once buyers spoke to the owners and
gained knowledge about the savings, they were excited. It did not, however, help with
marketing.
The permit data was incomplete; thus, many features of the PV system had to be assumed or
deducted from other indicators. This is a limitation of this case study. If these assumptions are
incorrect, they could alter the conclusions and opinions reached in this report.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #8
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 8:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data (current data from 2013, not from 2012)

APPRAISAL METHODS
The appraisal methods noted below were used to help determine the contribution value (if any) of Case
Study 8’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis162
Sale Date
Sale Price
Market Conditions
Days to Sale
Square Feet
Updating
View
Photovoltaic
Age of PV System

Subject

Comp 1

March, 2013

August, 2012

$310,000

$316,669

100

Increased 0.5% per month
over the last 6 months
14

1707

1752

Minimal

Yes

Residential

Residential

Yes: 5.72 kW

No

4 years

n/a

Adjustments

+7900

‐25000

=$299,569

The overall value difference, for PV, is approximately $10,431 for a 5.72 kW PV system.
As of March 2013, a value indication using the Paired Sales Analysis is:
$1,820 per KW
for a 5.72 kW, 6 year old system with 19 years remaining useful life.
162

All other features are similar: style, year of construction, garage count, basement size, finished basement area,
builder, location, bed and bath count and selling circumstances.
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The one weakness to this value indicator is that the size of the system is not 100% verifiable. Also, the
adjustment for updating could reasonably be just slightly higher, or just slightly lower. This is taken into
consideration in the reconciliation.

B. Cost Approach (Using Local Builder Costs)
Using the replacement cost appraisal method, current builder costs were extracted using building
permit information for the City of Arvada (Note: These costs are from the same immediate market area
as there were no recent permits in the subject’s, small 22‐home infill subdivision).
Date of
Permit
08/02/2012
08/03/2012
08/30/2012

Subdivision

Total
system Cost

kWs

Cost
per kW

$21,521
$18,720
$35,000

5.39
6.24
9.98

$3,992
$3,000
$3,507

Ralston Valley
Ralston Valley
Ralston Valley

Based on the above permit data, a reasonable current cost estimate for a PV system in this area is
$3,500 per kW.
The subject property has what is assumed to be a 5.72 kW system; therefore, the following calculations
can be made:
5.72 kW X $3,500 =$20,020
Depreciation is based on the system’s actual age (as of March 2013), compared to its useful life:
Straight‐line age/life method
Age of system:
6 years
Useful life:
19 years163
6/25 = 24% depreciated
$20,020 less depreciation
Cost today =
$1000 X 5.72kW for functional obsolescence=

163

= $15,215 = Cost Today
=$15,215
‐$5,720
=$9,500 (rounded)

The subject property’s PV system is 6 years and is assumed to have a 25 year warranty. Total useful life is based on the life of
the warranty. If the estimated warranty period is incorrect, this could alter the conclusions and opinions reached in this report.

Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$9,500.
As of March 2013 a value indication using the cost approach is:
$1,660 (rounded) per kW
for a 5.72 kW, 6‐year old system with 19 years remaining useful life.

C. Income Approach (Using Gross Rent Multiplier)
The GRM for a like‐quality house is 175.
By calculating the subject’s average estimated monthly savings, the GRM can be used to estimate the
value contribution of these savings.
1)
2)
3)
4)

Subject’s yearly energy production is estimated164 at 8159 kWh
Utility rates were $0.11 in early 2012
8159 kWh X $0.11 = $897.49/12 = $74.79 per month
$74.79 X (GRM of 175) = $13,088 (for a 5.72 kW system)

These figures are then reduced to a per kW estimate:
As of March 2013, the value indicated using the income approach is:
$2,300 (rounded) per kW
for a 5.72 kW, 6‐year old system with 19 years remaining of useful life.

164

The estimated savings rate is based on the probable number of kWh’s the system will generate in a year (per PV Value®) and
using local utility rates.
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D. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 19 years. The system is already six years old; thus, the remaining
useful life is only 19 years. The applicable specifications for the subject property’s PV system are noted
below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80004

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

5720
0.770
0.5

Basis Points (high)
Basis Points (average)
165
Net Yield Rate (Custom)

300
175
3.82

Tilt
Azimuth

22.6
197

Discount Rate(low)
Discount rate (average)

4.32
5.57

KWh Produced/Year

8159

Discount rate (high)

6.82

*Note: XXXX = User Input

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Operation & Maintenance
Inputs
15 Year (cents
55
per watt)
Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1931.50
25
6
19

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$877.91

Present value estimate of accumulated energy production for remaining 19 years
Low
Average
High

$8,946.57
$9,969.20
$11,155.54

As per the above data, the indicated value by the income approach is between $8,900 and $11,200
(both figures are rounded) for a 5.72 kW system.
As of March 2013, a value indication using the income approach is:
$1,560 to $1,960 (rounded) per kW
for a 5.72 kW, 6‐year old system with 19 years remaining of useful life.

According to feedback received from the listing agent (who was also the buyer’s agent), the buyers were
excited about the saving potential once they were educated about the system. Therefore, the income
approach is considered to be relevant. The one weakness, however, is that the precise size of the PV
system is not known exactly (but is probably correct at 5.72kWs). Thus, this value indicator may be
slightly low or slightly high. This is taken into consideration in the reconciliation.

165

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:



The listing agent commented that these buyers were excited about the potential savings of the
PV system and that the system at most added “a small increase to the home value.”
This statement is verified by a paired sales analysis and data indicated by the PV Value valuation
tool.

The weakness to this case study is that the exact size of the PV system is not known, as the permit was
lacking relevant information and the agent did not know the size of the system. However, it was
reasonable to conclude the system size was 5.72 kW based on its known cost in 2007, and the fact that
systems typically cost about $6,500 per kW in the year 2007. If the assumption that the subject’s system
is 5.72 kWs in size is incorrect, this could alter the opinions and conclusions reached for this case study.

Reconciliation of Each Value Indication:
Paired Sales Analysis
$1,820 per kW

Cost Approach
$1,660 per kW

Income Approach
$2,300 per kW (GRM)
$1,560 to $1,960 per kW (PV Value)

The paired sales analysis was conclusive; however, the weakness in this approach is that the exact size
of the PV system is not 100% verifiable.
The cost approach data was developed using actual builder costs from the subject’s immediate
neighborhood; therefore, the cost data is considered to be strong and relevant.
The income approach to value is given consideration. The value indication from the GRM is not relevant
in this circumstance, as it is outside of all of all other value indicators. However, the value indication
from the PV Value tool is considered to be an accurate reflection of the market. These buyers were
specifically interested in the potential utility savings the system offered.
The greatest consideration is given to the cost approach, followed by the paired sales analysis, then by
the value indication from PV Value.
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In conclusion, the final value estimate is noted below.

As of March 2013, the value is:
$1,660 to $1,820 per kW
for a 5.72 kW, 6‐year old system with 19 years remaining of
useful life and with a location in Arvada, Co, Subdivision “A”
Marketing time was not less than the market area. PV had no impact on marketing time.

Arvada, Subdivision “B”: Case Study 9
Subdivision location:

Arvada, CO

SUBDIVISION B
Price range of homes sold166 in
market area:

Number of detached
homes in subdivision:
Percentage of
Rentals:
Quality of
Construction:

614

Age range of homes:

7%

Gross Rent Multiplier chart for
market area:
Type of homes:

Number of homes
sold in 6 months167:
Number of PV
permits168:

58

Range of kWs
installed:
Median kW amount
installed:

Good to Very Good

Unknown (permits
are not labeled by
subdivision)
Unknown
Unknown

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

GENERAL PROPERTY INFORMATION: Case Study 9
June, 2012
Purchase Date:
Sales Price of house:
5
years
Age of home:
Above‐grade sq.ft. of home:
32
Total days on
Average Days on Market for
169
market :
subdivision170:
No relevant rental
Gross Rent Multiplier
data found
for similar home:
Other green and/or energy efficient features: None noted

$305,000 to $515,000
Median: $418,000
Bi‐Model: $423,000 and
$435,000
2002 to 2009
No rental data found
Tract homes from the 1970s
on standard 5,000 to 15,000
sq.ft. lots
1500 – 3500
1 in the year 2012

Unknown
Unknown

$460,000
2850
61

MARKET CONDITIONS AT TIME OF SALE for Case Study 9 :
STABLE
The market had just stabilized (after a long period of slow decline). The number of sales per 6‐month‐
sales‐period was increasing, and the number of days on market was decreasing (from 72 to 61). Thus,
values were stabilized.

166

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
168
Figures are for 2009, 2010, 2011 and 2012.
169
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
170
Information is based on sales that sold in the six months proper to the closing date of the subject property.
167
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PHOTOVOLTAIC SYSTEM For Case Study 9
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Listing Agent, Selling agent
kW
7.13
Permit
Date of Permit
January, 2009 Permit
Manufacturer of panels
(unknown)
Warranty on panels
25 Years
(assumed)
Manufacturer of Inverter
(unknown)
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation
Tilt
22.60
Observation
Energy Production per panel
(unknown)
Energy Production Estimate (for 1 year) 9979
PV Value
Location
Roof
Observation
Age of panels
3 years
Permit
Inverter type
Wall mount
(assumed)
Age of Inverter
3 years
(assumed)
Original gross cost
$37,400
Permit
Azimuth
204
Solmetric Roof Azimuth tool
Listing Agent: This property had extremely low utility bills and everyone was very excited
about them. The agent actively marketed the system. The agent left the utility bills out for
people to see. The PV system did add value and, was a positive for marketing, and as a result,
the home sold very quickly.
Buyer’s Agent: The buyer’s agent was willing to contact the homebuyers to see if they would
provide feedback. However, in the end, it was not possible to obtain additional information
from the homebuyer. The Buyer’s agent provided no specific feedback.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #9
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 9:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to help determine the contribution value (if any) of Case
Study 9’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis171
A paired sales analysis occurs when very similar properties that were sold recently are “paired” to other
sales. The difference in sale price between the properties is then attributed to the feature the other
property does not have.

Sale Date
Sale Price
Days to Sale
Square Feet
View
Photovoltaic
Age of PV System

Subject

Comp 1

Comp 2

June, 2012

October, 2011

June, 2012

$460,000

$434,000

$435,000

32

69

3

2850

2850

2850

Greenbelt/City

Park

Park

Yes: 7.13 kW

No

No

3 years

n/a

n/a

These three homes are all the same model. All three homes have views; however, the subject’s view is
just superior to the view of Comp 1 and Comp 2. According to a conversation with two area agents, the
greenbelt/city view was considered to have a contributory value of $15,000. This was the only available
support for this adjustment, which is considered to be a weak point in this particular paired sale. The net
value difference between the subject property and Comp 1 and Comp 2 is $11,000 to $12,000 for a 7.13
kW PV system. Given that this value indication is right in line with other market indicators, it appears
the agent’s estimate of value for the greenbelt view is reasonable.

As of June 2012, a value indication using the Paired Sales Analysis is:
$1,540 to $1,690 per kW
for a 7.13 kW, 3‐year old system with 22 years remaining useful life.

This paired sales data is considered to be moderately reliable (only because there is no exact data to
prove the greenbelt adjustment, other than the comments from the two area agents), and is given some
consideration in the reconciliation of values.

171

All other features are similar: builder, garage size, quality of construction, location, basement square footage,
upgrades, condition and sales conditions.
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B. Cost Approach (Using Local Builder Costs)
Using the replacement cost appraisal method, current builder costs were extracted using building
permit information for the City of Arvada (Note: These costs are from the same immediate market area
as there were no recent permits in the subject’s small 22‐home infill subdivision).

Address

Date of Permit

kWs

Total Cost

Cost
per kW

5358 OWENS ST

15‐Jun‐12

9.81

54900

$5,596

13733 W 78TH PL

15‐Jun‐12

9.8

57376

$5,855

7970 W 70TH DR

15‐Jun‐12

9.8

57000

$5,816

Based on the above permit data, a reasonable current cost estimate for a PV system in this area is
$5,600 per kW. The subject property has a 7.13 kW system:
7.13 kW X $5,600

=$39,928

Depreciation is based on the system’s actual age (as of June 2012), compared to its useful life:
Straight‐line age/life method
Age of system:
3 years
Useful life:
25 years172
3/25 = 12% depreciated
$39,928 less depreciation
Cost Today =
$1000 X 7.13kW for functional obsolescence=

= $35,136 = Cost Today
=$35,136
‐ $7,130
$28,000 (rounded)

Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$28,000.

172

The subject property’s PV system is 3 years and is assumed to have a 25 year warranty. Total useful life is based on the life of
the warranty. If the estimated warranty period is incorrect, this could alter the conclusions and opinions reached in this report.
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As of June 2012, a value indication using the cost approach is:
$3,920 (rounded) per kW
for a 7.13 kW, 3 year old system with 22 years remaining useful life.
These costs are, for an unknown reason, much higher than costs in other nearby, market areas. The
properties used for cost data have standard composition roofs. Further investigation did not yield a
reasonable explanation for these high costs (relative to the rest of the market). Therefore, this data is
not considered accurate and the cost approach is not considered in the reconciliation of values.

C. Income Approach (Using PV Value)
The PV Value tool was used to determine the present value of the energy that will be produced by the
subject’s PV system over the next 22 years. The system is already three years old; thus, the remaining
useful life is only 22 years. The applicable specifications for the subject property’s PV system are noted
below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80005

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

7130
0.770
0.5

Basis Points (high)
Basis Points (average)
173
Net Yield Rate (Custom)

300
175
3.99

Tilt
Azimuth

22.6
204

Discount Rate(low)
Discount rate (average)

4.49
5.74

KWh Produced/Year

9979

Discount rate (high)

6.99

*Note: XXXX = User Input

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Operation & Maintenance
Inputs
15 Year (cents
55
per watt)
Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$1,090.36

Present value estimate of accumulated energy production for remaining 22 years
Low
Average
High

173

Interest rate is from Interest Rate Chart contained in the addenda.

$12,396.63
$13,926.71
$15,736.325

$2007.15
25
3
12
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As per the above data, the indicated value by the income approach is between $12,400 and $15,700 for
a 7.13 kW system.
As of June 2012, a value indication using the income approach is:
$1,740 to $2,200 (rounded) per kW
for a 7.13 kW, 3‐year old system with 22 years remaining of useful life.

The selling agent very clearly indicated that utility savings were very much taken into consideration by
buyers in this market, and that the PV system did add value to the home. Therefore, the income
approach is considered to be an accurate reflection of buyers in this market area.

Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:



The listing agent commented that these buyers were excited about the potential savings of the
PV system and that the system most added an “increase to the home value.”
This statement is verified by a paired sales analysis and data indicated by the PV Value valuation
tool.

Reconciliation of Each Value Indication:
Paired Sales Analysis
$1,540 to $1,690 per kW

Cost Approach
$3,920 per kW

Income Approach
$1,740 to $2,200 per kW (PV Value)

The paired sales analysis was conclusive, but had one adjustment with weak market support. Therefore,
the paired sales analysis is given less consideration than the value indication by the income approach.
The cost approach data is given no consideration in the final reconciliation. The cost approach does not
take into consideration rebates and incentives. Also, in 2012, costs were very prohibitive.
The income approach to value is given the greatest consideration. The value indication from the PV
Value tool is considered to be an accurate reflection of the market. These buyers were specifically
interested in the potential utility savings the system offered.
The low end of the value indication of the income approach is given the greatest amount of weight,
followed by the upper end of value indication by the paired sales analysis.

In conclusion, the final value estimate is between $1,690 and $1,740 (with both figures rounded to the
nearest 100th, therefore a final conclusion of $1,700 per kW is reasonable.

As of June 2012, the value is:
$1,700 per kW
for a 7.13 kW, 3‐year old system with 22 years remaining of
useful life and with a location in Arvada, Co, Subdivision “B”
The marketing time was faster: (32 days, versus the subdivision average of 61 days).
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Arvada, Subdivision “C”: Case Study 10
Subdivision location:

Arvada, CO

Number of detached
homes in subdivision:

560 estimated lots
(most homes are
not yet built)
n/a

Percentage of
Rentals:
Quality of
Construction:

Good to Very Good

Number of homes
sold in 6 months:
Number of PV
permits:
Range of kWs
installed:

Unknown

Median kW amount
installed:

1.38

Most
1.38 to 2.1
(standard). As of
yet, no party has
opted to upgrade
the standard system
size.

SUBDIVISION C
Price range of homes sold in
market area:

Age range of homes:
Gross Rent Multiplier chart for
market area:
Type of homes:

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:

Median gross cost of PV
systems:

Not available. This is a new
subdivision and most sales
are either not yet recorded in
public records, or are not
recorded at all in MLS. The
builders advertise prices
from the “low $300’s to the
$500’s”.
2012 to present

Insufficient data.
Tract homes. New
construction area. This
neighborhood’s focus is
homes that are sustainable,
green and energy‐efficient.
Estimated 1500 to 4800
Many of the homes are sold
with PV systems (standard).
$5,000 to $6,000. Only one
builder in this subdivision
offers owned PV systems as a
standard feature. Two other
builders offer only pre‐paid
lease PV systems.
$5,500

GENERAL PROPERTY INFORMATION: Case Study 10
February, 2013
$466,976
Purchase Date:
Sales Price of house:
New
2409
Age of home:
Above‐grade sq.ft. of home:
154 (for new
Data not available
Total days on
Average Days on Market for
174
construction)
market :
subdivision:
n/a.
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: Energy Star‐qualified. Sustainability neighborhood.

174

For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.

MARKET CONDITIONS AT TIME OF SALE for Case Study 10 :
INCREASING
Because the subject’s neighborhood consists of only new homes, there is no historic data to trend
values. Thus, the market trends for the larger market area were researched. The greater market area
shows values have been increasing at a rate of 0.5% per month over the last six months.

PHOTOVOLTAIC SYSTEM For Case Study 10
Details of the subject’s
PV system:

Real Estate Agent
comments:

NOTE:

PBI

Category
Details
Source
Ownership
Owned
Builder
kW
1.38
Permit, Builder
Date of Permit
January, 2013 Permit
Manufacturer of panels
Sunpower
Builder flyer
Warranty on panels
25 Years
Internet information
Manufacturer of Inverter
(unknown)
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation of model home
Tilt
22.60
(assumed)
Energy Production per panel
230
Builder flyer
Energy Production Estimate (for 1 year) 2020
PV Value
Location
Roof
Observation
Age of panels
New
Builder
Inverter type
Wall mount
Observation
Age of Inverter
New
Original gross cost
$6,600
Permit
Azimuth
180
(assumed)
Builder: The builder’s representative was only able to providethe general feedback that buyers
were excited to have a PV system included as a standard feature. The PV system does help
marketability.
Buyer’s Agent: The selling agent was a “non‐MLS” participant, thus, it was not possible to know
specifically who the selling agent was.
As part of its marketing material, this builder does offer to homebuyers, a flyer that shows the
monetary benefits of owning a PV system. The flyer, however, did not use the correct
cost/savings figures (nor a correct analysis method) to arrive at a cost/benefit conclusion. It
was typical in the course of this study to run across marketing materials with incorrect figures.
Therefore, this is not a reflection of this specific builder but rather, a comment about why it is
necessary for market participants to become familiar with the PV Value tool to correctly
understand the monetary benefits of a PV system.
Because this is a new home built in 2013, it is probable that this property is receiving PBIs.
Based on the date of the permit, a reasonable assumption is that these payments are for $0.11
per kWh for the next 10 years.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #10
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 10:
Builder
Buyer’s Agent
Homeowner

Permit
Exterior inspection of subject property
Most recent MLS listing
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Utility Records
Builder’s flyer
PV Value

Assessor’s property records
Market conditions research (for the general area only)
Subdivision Analysis

APPRAISAL METHODS
The appraisal methods noted below were used to help determine the contribution value (if any) of Case
Study 10’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

No paired sales were available as this is a newly developing subdivision and the sales are not recorded
on the MLS system. Also, the subdivision is so new that this builder had only had, to date, just two
closed sales (i.e. this property and the property used for Case Study 11).

A. Cost Approach (Using Local Builder Costs)
Using the replacement cost appraisal method, current builder costs were extracted using building
permit information for the City of Arvada.

Address

Date of
Permit

kWs

Cost

Cost
per kW

9302 NOBLE WAY

16‐Jan‐13

2

$6,500

$3,250

9848 W 74TH PL

9‐Jan‐13

8.64

$25,920

$3,000

6997 COLE CT

8‐Jan‐13

5.76

$17,280

$3,000

9114 ELLIS WAY

2‐Jan‐13

6.37

$23,399

$3,673

Based on the above permit data, a reasonable current cost estimate for a PV system in this area is
$3,200 per kW.
The subject property has what is assumed to be a 1.38 kW system; therefore, the following calculations
can be made:
1.38 kW X $3,200

=$4,416

The system is new, so there is no depreciation. However, the market is indicating that PV systems are a
superadequacy, and so an adjustment to the cost data must be made for functional obsolescence.
$4,416 less ($1000 X 1.38kW for functional obsolescence) = $3,036
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Thus, a fine value estimate conclusion of $3,036 is supportable for a 1.38 kW system.
As of February 2013 a value indication using the cost approach is:
$2,200 per kW
for a 1.38 kW, new system with 25 years remaining useful life.

B. Income Approach (Using PV Value)
The PV Value tool was used to determine the present value of the energy that will be produced by the
subject’s PV system over the next 25 years. The system is new, and so the remaining useful life is 25
years. The applicable specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80007

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

1380
0.770
0.5

Basis Points (high)
Basis Points (average)
175
Net Yield Rate (Custom)

300
175
3.83

Tilt
Azimuth

22.6
180

Discount Rate(low)
Discount rate (average)

4.33
5.58

KWh Produced/Year

2020

Discount rate (high)

6.83

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$458.37
25
0
25

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated for a 1.38 kW system:
Value of the energy produced this year
$224.11

Present value estimate of accumulated energy production for remaining 25 years
Low
Average
High

$2,741.90
$3,125.63
$3,588.83

These value estimates are only for the present value of the future energy and do not include the income
to be generated from the PBI176. Thus, a separate calculation was run (following the steps outlined
earlier in how to use PV Value to calculate PBIs) and the final value figures generated were as follows for
a 1.38 kW system:
175

Interest rate is from Interest Rate Chart contained in the addenda.
During the course of this study, it was never possible to confirm the PBI’s associated with properties. Thus, based on the
permit data, assumptions had to be made in regards to IF a property had PBI’s and how much they were for. If these
assumptions are incorrect, they could alter the opinions and conclusions reached in this report.

176
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Present Value Estimate of PBIs for the next 10 years
Low
Average
High

$1,802.14
$1,750.23
$1,700.87

When these PBI figures are added to the future energy production figures, the value range (using
rounded numbers) is $4,600 to $5,300 for a 1.38 kW system. However, while this market typically places
value on the income generated from PV systems, this market area has yet to provide any indication that
it understands that PBIs even exist (and can contribute to value). Thus, the only figures used from the
income approach are those based on the present value of the future energy production.

As of February 2013, a value indication using the income approach is:
$1,990 to $2,600 (rounded) per kW
for a 1.38 kW, new system with 25 years remaining of useful life.

Summary and Conclusions
Market Perception/reaction to the Subject’s PV System:



The builder’s representative was not highly familiar with the PV system and the marketing
material was inaccurate.
Minimal information was available for this sale.

Reconciliation of Each Value Indication:
Paired Sales Analysis
n/a

Cost Approach
$2,200 per kW

Income Approach
$1,990 to $2,600 per kW (PV Value)

The cost figures and the income figures are very similar to one another. Both the income approach and
the cost approach are applicable. The cost approach is applicable because this is new construction and
actual cost figures are available. The income approach is applicable because this market showed
evidence of placing value on the income to be produced by the PV system. There was no data available
to develop a paired sales analysis.

In conclusion, the final value estimate is:

As of February 2013, the value is:
$1,990 to $2,200 per kW
for a 1.38 kW, new system with 25 years remaining of useful
life and with a location in Arvada, Co, Subdivision “C”
PV had a positive impact on marketability, per the builder.
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Arvada, Subdivision “C”: Case Study 11
SUBDIVISION C
Price range of homes sold in
market area:

Subdivision location:

Arvada, CO

Number of detached
homes in subdivision:

560 estimated lots
(most homes are
not yet built)
n/a

Age range of homes:

Quality of
Construction:

Good to Very Good

Type of homes:

Number of homes
sold in 6 months:
Number of PV
permits:
Range of kWs
installed:

Unknown

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:

Median kW amount
installed:

1.38

Percentage of
Rentals:

Most
1.38 to 2.1
(standard). As of
yet, no party has
opted to upgrade
the standard system
size.

Gross Rent Multiplier chart for
market area:

Median gross cost of PV
systems:

Not available. This is a new
subdivision and most sales
are either not yet recorded in
public records, or are not
recorded at all in MLS. The
builders advertise prices
from the “low $300’s to the
$500’s”.
2012 to present

Of the few homes that are
closed, none are known to be
rentals.
Tract homes. New
construction. This
neighborhood’s focus is
homes that are sustainable,
green and energy‐efficient.
Estimated 1500 to 4800
Many of the homes are sold
with PV systems (standard).
$5,000 to $6,000. Only one
builder in this subdivision
offers owned PV systems as a
standard feature. Two other
builders offer only pre‐paid
lease PV systems.
$5,500

GENERAL PROPERTY INFORMATION: Case Study 11
March, 2013
$480,000
Sales Price of house:
New
1707
Above‐grade sq.ft. of home:
218 (new
Not available
Average Days on Market for
construction)
subdivision:

Purchase Date:
Age of home:
Total days on
market177:
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: Energy Star qualified, sustainable neighborhood

177

For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.

MARKET CONDITIONS AT TIME OF SALE for Case Study 11 :
INCREASING
Values increased 0.5% per month over the prior six months. Inventory was down and sale‐to‐list price
ratios rose to 99% (which is abnormally high). Multiple offers were common. The number of sales
increased nearly four‐fold compared to six months prior.

PHOTOVOLTAIC SYSTEM For Case Study 11
Details of the subject’s
PV system:

Real Estate Agent
comments:
NOTE:

PBI

Category
Details
Source
Ownership
Owned
Builder
kW
1.38
Permit, Builder
Date of Permit
December,2012 Permit
Manufacturer of panels
Sunpower
Permit
Warranty on panels
25 Years
Permit
Manufacturer of Inverter
Sunpower
Permit
Warranty on Inverter
10 Years
Permit
Type
Fixed
Observation of model home
Tilt
22.60
(assumed)
Energy Production per panel
230
Builder flyer
Energy Production Estimate (for 1 year) 2020
PV Value
Location
Roof
Observation
Age of panels
New
Builder
Inverter type
Wall mount
Observation
Age of Inverter
New
Original gross cost
$5,000
Permit
Azimuth
180
(assumed)
Builder: The builder’s representative was only able to provide general feedback that buyers
were excited to have a PV system included as a standard feature. The PV system does help
marketability.
Buyer’s Agent: The buyers liked the PV, however, it was not the reason they bought the house.
As part of its marketing material, this builder does offer to homebuyers, a flyer that shows the
monetary benefits of owning a PV system. The flyer, however, did not use the correct
cost/savings figures (nor a correct analysis method) to arrive at a cost/benefit conclusion. It
was typical in the course of this study to run across marketing materials with incorrect figures.
This is not a reflection of this specific builder but rather a comment on why it is necessary for
market participants to become familiar with the PV Value tool to correctly understand the
monetary benefits of a PV system.
Because this is a new home built in 2013, it is probable this property is receiving PBIs. Based on
the date of the permit, a reasonable assumption is that these payments are for $0.11 per kWh
for the next 10 years.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #11
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 11:
Builder
Buyer’s Agent
Homeowner
Utility Records

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
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Estimated Utility savings
PV Value
Paired Sales Analysis

Market conditions research
Subdivision Analysis

APPRAISAL METHODS
The appraisal methods noted below were used to help determine the contribution value (if any) of Case
Study 11’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

Like Case Study 10, there was no data available to develop a paired sales analysis.

A. Cost Approach (Using Local Builder Costs)
Using the Replacement Cost appraisal method, current builder costs were extracted using building
permit information for the City of Arvada.

Address

Date of
Permit

kWs

Cost

Cost
per kW

9302 NOBLE WAY

16‐Jan‐13

2

$6,500

$3,250

9848 W 74TH PL

9‐Jan‐13

8.64

$25,920

$3,000

6997 COLE CT

8‐Jan‐13

5.76

$17,280

$3,000

9114 ELLIS WAY

2‐Jan‐13

6.37

$23,399

$3,673

Based on the above permit data, a reasonable current cost estimate for a PV system in this area is
$3,200 per kW.
The subject property has what is assumed to be a 1.38 kW system, therefore, the following calculations
can be made:
1.38 kW X $3,200

=$4,416

The system is new, so there is no depreciation. However, the market is indicating that PV systems are a
superadequacy, and so an adjustment to the cost data must be made for functional obsolescence (which
will be adjusted below).
$4,416 less ($1000 X 1.38kW for functional obsolescence) = $3,036

The builder’s actual costs (per the permit data) were $5,000 (or, $3,623 per kW). This is in‐line with the
cost figures noted above; however, area costs are relied upon in lieu of the builder’s reported cost.
As of February 2013, a value indication using the cost approach is:
$2,200 per kW
for a 1.38 kW, new system with 25 years remaining useful life.
This does not include rebates and incentives.

B. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 25 years. The system is new, so the remaining useful life is 25 years.
The applicable specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80007

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

1380
0.770
0.5

Basis Points (high)
Basis Points (average)
178
Net Yield Rate (Custom)

300
175
3.83

Tilt
Azimuth

22.6
180

Discount Rate(low)
Discount rate (average)

4.33
5.58

KWh Produced/Year

2020

Discount rate (high)

6.83

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$492.20
25
0
25

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated for a 1.38 kW system:
Value of the energy produced this year
$224.11

Present value estimate of accumulated energy production for remaining 25 years
Low
Average
High

$2,741.90
$3,125.63
$3,588.83

These value estimates are only for the present value of the future energy and do not include the income
to be generated from the PBIs179. Thus, a separate calculation was run (following the steps outlined
178

Interest rate is from Interest Rate Chart contained in the addenda.
During the course of this study, it was never possible to confirm the PBI’s associated with properties. Thus, based on the
permit data, assumptions had to be made in regards to IF a property had PBI’s and how much they were for. If these
assumptions are incorrect, they could alter the opinions and conclusions reached in this report.

179
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earlier on how to use PV Value to calculate PBIs) and the final value figures generated were as follows
for a 1.38 kW system:
Present Value Estimate of PBIs for the next 10 years
Low
Average
High

$1,802.14
$1,750.23
$1,700.87

When these figures are added to the other figures, the value range (using rounded numbers) is $4,600
to $5,300 for a 1.38 kW system. However, while this market typically places value on the income
generated from PV systems, this market area has yet to provide any indication that it understands that
PBIs even exist (and can contribute to value). Thus, the only figures used from the income approach are
those based on the present value of the future energy production. The market does not yet recognize
the PBI payments.

As of February 2013, a value indication using the income approach is:
$1,990 to $2,600 (rounded) per kW
for a 1.38 kW, new system with 25 years remaining of useful life.

Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:




The builder’s representative was not highly familiar with the PV system and the marketing
material was inaccurate.
The selling agent stated that the buyers “liked the PV,” but that was the only feedback she
received. The PV was not a part of the reason they bought the house.
Minimal information was available for this sale.

Reconciliation of Each Value Indication:
Paired Sales Analysis
n/a

Cost Approach
$2,200 per kW

Income Approach
$1,990 to $2,600 per kW (PV Value)

Both the income approach and the cost approach are applicable. The cost approach is applicable
because this is new construction and actual cost figures are available. The income approach is applicable
because this market showed evidence of placing value on the income to be produced by the PV system.
There was no data available to develop a paired sales analysis.
The cost figures and the income figures are very similar to one another.

As of February 2013, the value is:
$1,990 to $2,200 per kW
for a 1.38 kW, new system with 25 years remaining of useful
life and with a location in Arvada, Co, Subdivision “C”
PV had a positive impact on marketability, per the builder and buyer’s agent.

This case study provides similar data and information noted in Case Study 10, even though this is a
different home. The only essential differences are that for this case study, the buyer’s agent was able to
provide feedback, and the actual builder costs for this PV system were slightly lower than for the PV
system noted in Case Study 10.
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Westminster, Subdivision “A”: Case Study 12
Subdivision location:

Westminster, CO

SUBDIVISION A
Price range of homes sold180:

Number of detached
homes:
Percentage of
Rentals:

Near 500

Age range of homes:

8%

Gross Rent Multiplier chart for
subdivision:

Quality of
Construction:

Average to Very
Good

Type of homes:

Number of homes
sold in 6 months181:
Number of PV
permits182:
Range of kWs
installed:
Median kW amount
installed:

13

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

15
Unknown
Unknown

$315,500 to $645,000
Median: $416,704
Mode: $405,000
2002 to 2013
Not enough data. While
there are rental properties:
they all appear to be
townhomes.
Tract homes. Mostly 2‐story,
new urbanism homes on
small city lots with back
alleys. Pedestrian friendly.
1200 – 4600
6
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 12
March, 2012
$408,074
Sales Price of house:
New
1945
Above‐grade sq.ft. of home:
182 (new
110
Average Days on Market for
184
construction)
subdivision :

Purchase Date:
Age of home:
Total days on
market183:
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: Assumed, but not known.

MARKET CONDITIONS AT TIME OF SALE for Case Study 12 :
STABLE
Values were perfectly stable. Supply and demand were in balance, and the number of sales per six‐
month period was in balance. Bank sales and REO sales represented only 10% of all transactions.

180

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
182
Figures are for 2009, 2010, 2011 and 2012
183
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
184
Information is
based on sales that sold in the six months proper to the closing date of the subject property.
181

PHOTOVOLTAIC SYSTEM For Case Study 12
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
3.0 kW
Permit, MLS listing
Date of Permit
August, 2011
Permit
Manufacturer of panels
Perlight
Permit
Warranty on panels
25 Years
Permit
Manufacturer of Inverter
Frontius
Permit
Warranty on Inverter
10 Years
Assumed
Type
Fixed
Permit, Observation
Tilt
36.37
Observation
Energy Production per panel
250
Permit
Energy Production Estimate (for 1 year) 3713
PV Value
Location
Roof
Permit, Observation
Age of panels
0 years
Permit
Inverter type
Wall mount
Permit
Age of Inverter
0 years
Permit
Original gross cost
$10,998
Permit
Azimuth
235
Solmetric Roof Azimuth tool
Builder (Listing Agent): Agent did not provide any feedback. As per the MLS listing, 3.0 kW PV
systems were included as standard features on these homes.
Buyer’s Agent: Agent did not provide any feedback.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #12
DATA SOURCES
Attempts were made to contact and gather data from all of the following sources. The sources that are
marked with a check are those for which information was successfully obtained for Case Study 12:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis
Other: Builder

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to help determine the contribution value (if any) of Case
Study 12’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)
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There were no paired sales available for analysis. This is a new urbanism development; as a result, every
home is notably different from one another and paired sales for PV systems are rare to typically non‐
existent.

A. Cost Approach (Using Local Builder Costs)
Current builder costs were extracted using building permit information for the City of Westminster:

Date of Permit

Total
system Cost

11 Paramount Pkwy

10/7/2011

$28,309

4.6

$6,154

3520 Owens St

12/6/2011

$29,984

5.76

$5,205

4560 Upham St

5/1/2012

$40,900

7.68

$5,325

4265 Dudley St

5/7/2012

$31,387

6.75

$4,649

4455 Yarrow St

2/15/2012

$30,000

7.5

$4,000

Address

kWs

Cost
per kW

The actual builder costs (for the PV system belonging to Case Study 12) are:

Address
Subject Property
(Case Study 12)

Date of Permit

Total
system Cost

08/30/2011

$10,998

kWs
3.0

Cost
per kW
$3,666

While the majority of the PV systems in the greater area were selling for $4,000 per kW (in early
February), the actual builder costs were only $3,666 per kW.

Depreciation is based on the system’s actual age (as of August, 2013), compared to its useful life:
Straight‐line age/life method
Age of system:
0 years
Useful life:
25 years185
0/25 = 0% depreciated
$10,998 less depreciation

= $10,998

In reconciling the actual builder costs and the most recent local permit data, both indicate that costs are
between the narrow range of $3,666 and $4,000 per kW. Since these figures are relatively similar, the
185

The subject property’s PV system is 0 years and has a 25 year warranty. Total useful life is based on the life of the warranty.

choice was made to use the actual builder costs. The builder costs were reasonable in this case study
because all specifications about this PV system were able to be confirmed, whereas that was not the
case for Case Studies 10 and 11. Therefore, a cost estimate of $11,000 is reasonable for the subject’s PV
system.
This figure does not include functional obsolescence, which needs to be added to the figures:
$11,000 less ($1000 X 3.0kW for functional obsolescence) =
$8,000
As of March 2012, a value indication using the cost approach is:
$2,670 (rounded) per kW
for a 3.0 kW, new system with 25 years remaining useful life.

The cost approach is relevant given that this property is new construction and the exact costs of this
system, as of the effective date of this case study, are known.

B. Income Approach (Using PV Value)
The PV Value® tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 25 years. The system is new, so the remaining useful life is 25
years.The applicable specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80031

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

3000
0.770
0.5

Basis Points (high)
Basis Points (average)
186
Net Yield Rate (Custom)

300
175
4.27

Tilt
Azimuth

36.4
235

Discount Rate(low)
Discount rate (average)

4.77
6.02

KWh Produced/Year

3713

Discount rate (high)

7.27

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$411.93

Present value estimate of accumulated energy production for remaining 25 years
Low
Average
High
186

Interest rate is from Interest Rate Chart contained in the addenda.

$4,727.00
$5,388.26
$6,184.41

$936.19
25
0
20
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As per the above data, the indicated value by the income approach is between $4,700 and $6,200 (both
figures are rounded) for a 3.0 kW system.

As of March, 2012, a value indication using the income approach is:
$1,600 to $2,070 (rounded) per KW
per kW for a 3.0 kW, new system with 25 years remaining of useful life.

In this circumstance, this data is considered relevant. A weakness in this data is that neither the listing
agent nor the buyer’s agent was able to provide any feedback. However, given that this is a new
urbanism type of neighborhood, and PV systems were just beginning to be a popular feature tool during
this time period and in this market area, the conclusion was that the PV systems were part of the appeal
of this home. Therefore, the cost approach is a valid approach to value for the subject property.

Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:




This builder’s representative was not able to provide any information or feedback, nor was the
listing agent.
There was not enough rental data to generate a reliable GRM.
An adequate paired sale was not found, thus, no data was available regarding the possible value
contribution of a PV system.

Given the extreme lack of data, the only conclusion that can be drawn is based on feedback received
from other area builders. For new construction, area builders reported that people are very excited
when a PV system is included as a standard feature on the home. For this reason, the conclusion was
drawn that the PV system was appealing to this market segment and contributed to the value. This
conclusion is reasonable given that many of the homes in this subdivision have PV systems.

Reconciliation of Each Value Indication:
Paired Sales Analysis
n/a

Cost Approach
$2,670 per kW

Income Approach
$1,990 to $2,600 per kW (PV Value)

The paired sales analysis is not applicable due to a lack of data.
The cost approach data is applicable and relevant. The exact builder costs were known and PV systems
are very common in this subdivision. Thus, the value indication of $2,670 per kW is given strong
consideration in the reconciliation of values.

The income approach is also a very relevant approach. The value indicated by the income approach is a
figure that is similar to the actual monetary cost of the PV system (after accounting for
superadequacies).
Thus, a value conclusion of $2,000 is reasonable (it is the high end of the PV Value range and near the
low end of the cost value indicator).
Since this is a “new urbanism” neighborhood and PV is noted on many of the homes, it is reasonable to
conclude the PV system add values to the property. Based mainly on the income approach data, a final
value conclusion of $2,000 per kW is reasonable.

As of March 2012, the value is:
$2,000 per kW
for a 3.0 kW, new system with 25 years remaining of useful
life and with a location in Westminster, Co, Subdivision “A”
Marketing time was not relevant, as this was new construction at the time of sale. New
construction days‐on‐market reflect the time it takes to build the home, and therefore,
the numbers do not reflect the days‐on‐market had the home been complete and ready
to purchase.
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Westminster, Subdivision “A”: Case Study 13
Subdivision location:

Westminster, CO

SUBDIVISION A
Price range of homes sold187:

Number of detached
homes:
Percentage of
Rentals:

Near 500

Age range of homes:

8%

Gross Rent Multiplier chart for
subdivision:

Quality of
Construction:

Average to Very
Good

Type of homes:

Number of homes
sold in 6 months188:
Number of PV
permits189:
Range of kWs
installed:
Median kW amount
installed:

13

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

15
Unknown
Unknown

$295,000 to $680,000
Median: $397,250
No Mode
2002 to 2013
Not enough data. While
there are rental properties,
they all appear to be
townhomes.
Tract homes. Mostly 2‐story,
new urbanism homes on
small city lots with back
alleys. Pedestrian friendly.
1200 – 4600
6
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 13
November, 2012
$680,000
Sales Price of house:
3
3505
Above‐grade sq.ft. of home:
9
93
Average Days on Market for
191
subdivision :

Purchase Date:
Age of home:
Total days on
market190:
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: Extensive green built features (windows, tankless hot
water heater, furnace, 13 SEER AC, recycled cellulose fiber insulation, recycled countertops, R40 ceilings,
R24 walls).

MARKET CONDITIONS AT TIME OF SALE for Case Study 13 :
STABLE
Values were stable. Supply and demand were in balance, and the number of sales per six month period
was in balance. Bank sales and REO sales represented only 10% of all transactions.

187

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
189
Figures are for 2009, 2010, 2011 and 2012
190
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
191
Information is
based on sales that sold in the six months proper to the closing date of the subject property.
188

PHOTOVOLTAIC SYSTEM For Case Study 13
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Prior MLS listing
kW
4.2 kW
MLS listing
Date of Permit
Sept 2008
Permit
Manufacturer of panels
Kyocera
Permit
Warranty on panels
20 Years
Permit
Manufacturer of Inverter
Frontius
Permit
Warranty on Inverter
10 Years
Assumed
Type
Fixed
Observation
Tilt
45.00
Observation
Energy Production per panel
205
Permit
Energy Production Estimate (for 1 year) 6231
PV Value
Location
Roof
Permit, Observation
Age of panels
4 years
Permit
Inverter type
Wall mount
Permit
Age of Inverter
4 years
Permit
Original gross cost
$38,400
Permit
Azimuth
154
Solmetric Roof Azimuth tool
Listing Agent: Agent did not provide any feedback. As per the MLS listing, a 4.2 kW PV system
was included on this custom home at the time of construction.
Buyer’s Agent: Agent did not provide any feedback.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #13
DATA SOURCES
Attempts were made to contact and gather data from all of the following sources. The sources that are
marked with a check are those for which information was successfully obtained for Case Study 13:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
13’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)
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A. Cost Approach (Using Local Builder Costs)
Current builder costs were extracted using building permit information for the City of Westminster:

Date of Permit

Total
system Cost

12497 Lipan Ct

11/08/2012

$21,600

7.2

$3,000

9749 Teller Ln

10/30/2012

$16,305

3.92

$4,159

6601 E 99th Ave

11/27/2012

$16,560

5.52

$3,000

8582 Dover Cir

11/27/2012

$23,760

7.92

$2,988

11760 Newton St

11/13/2012

$14,500

4.08

$3,553

Address

kWs

Cost
per kW

Based on the above permit data, a reasonable conclusion to draw is that a current cost per kW is $3,500.
4.2 kW X $3,500 = $14,700
Depreciation is based on the system’s actual age (as of November, 2012), compared to its useful life:
Straight‐line age/life method
Age of system:
4 years
Useful life:
20 years192
4/20 = 20% depreciated
$14,700 less depreciation

= $11,760

Therefore, a cost of $11,760 is reasonable. This, however, does not take into consideration functional
obsolescence:
$11,760 less ($1000 X 4.2kW for functional obsolescence) =

$7,560 for a 4.2 kW system

As of November 2012, a value indication using the cost approach is:
$1,800 (rounded) per kW
for a 4.2 kW, new system with 16 years remaining useful life.

The subject property is a six year‐old tract home located in a “new urbanism” development. PV systems
are very common in this area, and so the cost to install a PV system is a relevant factor to potential
buyers. The cost approach is applicable and is given consideration in the reconciliation.

192

The subject property’s PV system is 4 years and has a 20 year warranty. Total useful life is based on the life of the warranty.

B. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 16 years. The system is four years old; thus, the remaining useful life is
16 years. The applicable specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80031

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

4200
0.770
0.5

Basis Points (high)
Basis Points (average)
193
Net Yield Rate (Custom)

300
175
3.66

Tilt
Azimuth

45
154

Discount Rate(low)
Discount rate (average)

4.16
5.41

KWh Produced/Year

6231

Discount rate (high)

6.66

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

2.13

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1764.46
20
4
16

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$677.34

Present value estimate of accumulated energy production for remaining 16 years
Low
Average
High

$5,951.19
$6,575.25
$7,284.82

As per the above data, the indicated value by the income approach is between $6,000 and $7,300 (both
figures are rounded) for a 4.2 kW system.
As of November 2012, a value indication using the income approach is:
$1,480 to $1,740 (rounded) per kW
for a 4.2 kW, 4‐year old system with 16 years remaining of useful life.

In this circumstance, this data is considered relevant. A weakness in this data is that neither the listing
agent nor the buyer’s agent was able to provide any feedback. However, given that this is a “new
urbanism” type of neighborhood, and PV systems were just beginning to be a popular feature, the
conclusion was that the PV systems were part of the appeal of this home.

193

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:




This listing agent was not able to provide any information or feedback, nor was the buyer’s
agent.
There was not enough rental data to generate a reliable GRM.
An adequate paired sale was not found, and as a result, no data was available regarding possible
value contribution of a PV system.

Given the lack of verification of data from the agents, the only conclusion that can be drawn is based on
feedback received from other area builders. Area builders reported that people are very excited when a
PV system is included as a standard feature on the home. For this reason, the conclusion was drawn that
the PV system was appealing to this market segment.

Reconciliation of Each Value Indication:
Paired Sales Analysis
n/a

Cost Approach
$1,800 per kW

Income Approach
$1,480 to $1,740 per kW (PV Value)

The cost approach data is applicable and relevant. PV systems are common in this area. The value
indication of $1,800 per kW is given strong consideration in the reconciliation of values.
The income approach is also a very relevant approach. The value indicated by the income approach is a
figure that is similar to the actual monetary cost of the PV system (after accounting for
superadequacies).
Since this is a “new urbanism” neighborhood and PV is noted on many of the homes, it is reasonable to
conclude the PV system adds value to the property.
Thus, the income approach and cost approach are given full consideration:

As of November 2012, the value is:
$1,740 to $1,800 per kW
for a 4.2 kW, 4‐year old system with 16 years remaining of
useful life and with a location in Westminster, Co,
Subdivision “A”
Marketing time was 9 days: 84 days less than the market average of 93 days. This is also
remarkable because the subject property was the highest priced sale in the
neighborhood at the time.

Westminster, Subdivision “A”: Case Study 14
Subdivision location:

Westminster, CO

SUBDIVISION A
Price range of homes sold194:

Number of detached
homes:
Percentage of
Rentals:

Near 500

Age range of homes:

8%

Gross Rent Multiplier chart for
subdivision:

Quality of
Construction:

Average to Very
Good

Type of homes:

Number of homes
sold in 6 months195:
Number of PV
permits196:
Range of kWs
installed:
Median kW amount
installed:

13

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

Purchase Date:
Age of home:
Total days on
market197:

15
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 14
February, 2012
Sales Price of house:
New
Above‐grade sq.ft. of home:
71 (new
Average Days on Market for
construction)
subdivision:

$315,500 to $645,000
Median: $416,704
Mode: $405,000
2002 to 2013
Not enough data. While
there are rental properties:
they all appear to be
townhomes.
Tract homes. Mostly 2‐story,
new urbanism homes on
small city lots with back
alleys. Pedestrian friendly.
1200 – 4600
6
Unknown
Unknown

$405,000
1979
110 (this figure is not reliable
in this circumstance as it
includes new construction).

n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: Assumed, but exact details not known.

MARKET CONDITIONS AT TIME OF SALE for Case Study 14 :
STABLE
Values were perfectly stable. Supply and demand were in balance, and the number of sales per six
month period was in balance. Bank sales and REO sales represented only 10% of all transactions.

194

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
196
Figures are for 2009, 2010, 2011 and 2012
195

197

For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
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PHOTOVOLTAIC SYSTEM For Case Study 14
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Selling Agent
kW
3.0
Permit
Date of Permit
August,2011 Permit
Manufacturer of panels
Perlight
Permit
Warranty on panels
25 Years
Permit
Manufacturer of Inverter
Frontius
Permit
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation
Tilt
33.69
Observation
Energy Production per panel
250
Permit
Energy Production Estimate (for 1 year)
3655
PV Value
Location
Roof
Observation
Age of panels
New
Permit
Inverter type
Wall mount
(assumed)
Age of Inverter
New
Permit
Original gross cost
$10,998
Permit
Azimuth
238
Solmetric Roof Azimuth tool
Builder (Listing Agent): Did not provide feedback.
Buyer’s Agent: Buyers would have bought the property anyway. PV was a “cherry on top” and
was worth about as much as a “third stall in a three car garage”. PV was not a major selling
point. Minimal conversations were had about the PV system.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #14
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 14:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
14’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Cost Approach (Using Local Builder Costs)
Current builder costs were extracted using building permit information for the City of Westminster:

Date of Permit

Total
system Cost

11 Paramount Pkwy

10/7/2011

$28,309

4.6

$6,154

3520 Owens St

12/6/2011

$29,984

5.76

$5,205

4455 Yarrow St

2/15/2012

$30,000

7.5

$4,000

Address

kWs

Cost
per kW

The actual builder costs (for the PV system belonging to Case Study 14) are:

Address
Subject Property
(Case Study 14)

Date of Permit

Total
system Cost

08/2011

$10,998

kWs
3.0

Cost
per kW
$3,666

While the majority of PV systems in the greater are were selling for $4000 per kW (in early February,
2012), the actual builder costs were only $3,666 per kW.
Depreciation is based on the system’s actual age (as of February 2012), compared to its useful life:
Straight‐line age/life method
Age of system:
0 years
Useful life:
25 years198
0/25 = 0% depreciated
$10,998 less depreciation

= $10,998

In reconciling the actual builder cost and the most recent local permit data, both indicate that costs are
between the narrow ranges of $3,666 and $4,000 per kW. Since these figures are relatively similar, the
choice was made to use the actual builder costs. The builder costs were reasonable in this case study
because all specifications about this PV system were able to be confirmed, whereas that was not the
case for Case Studies 10 and 11). Therefore, a cost of $11,000 is reasonable for the subject’s PV system.
This figure does not include functional obsolescence, which needs to be added to the figures:
$11,000 less ($1000 X 3.0kW for functional obsolescence) =

198

$8,000

The subject property’s PV system is 0 years and has a 25 year warranty. Total useful life is based on the life of the warranty.
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As of February 2012 a value indication using the cost approach is:
$2,670 (rounded) per kW
for a 3.0 kW, new system with 25 years remaining useful life.
This cost estimate is prior to rebates and incentives.

The cost approach is relevant given that this property is new construction and the exact costs of this
system, as of the effective date of this case study, are known.

B. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 25 years. The system is new, so the remaining useful life is 25 years.
The applicable specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80031

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

3000
0.770
0.5

Basis Points (high)
Basis Points (average)
199
Net Yield Rate (Custom)

300
175
4.20

Tilt
Azimuth

33.7
238

Discount Rate(low)
Discount rate (average)

4.70
5.95

KWh Produced/Year

3655

Discount rate (high)

7.20

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$945.51
25
0
25

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$405.48

Present value estimate of accumulated energy production for remaining 25 years
Low
Average
High

$4,662.47
$5,320.05
$6,112.11

As per the above data, the indicated value by the income approach is between $4,700 and $6,100 (both
figures are rounded) for a 3.0 kW system.
As of February 2012 a value indication using the income approach is:
$1,570 to $2,030 (rounded) per kW
for a 3.0 kW, new system with 25 years remaining of useful life.
199

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:




The builder/listing agent did not provide any feedback. Since this builder provided no feedback
for any of the new homes sold, it is not known how the PV system was marketed to potential
buyers. Through other evidence gathered for this study, it was clear that active marketing and
education about the PV systems have a positive impact on value.
The buyer’s agent stated that buyers liked the PV, but other than it being a “cherry on top,” it
was not something that was “that great.” The selling agent stated that, at most , the PV system
may be worth the same as a third car stall in a three car garage (which costs about $4,000 to
$6,000 in this area).

There was a very slight indication that these buyers paid a little bit to have this PV system (the selling
agent likened it to the value of the third stall of a three car garage). Also, the home is located in a “new
urbanism” development where PV systems are very common.
Reconciliation of Each Value Indication:
Paired Sales Analysis
n/a

Cost Approach
$2,670 per kW

Income Approach
$1,570 to $2,030 per kW (PV Value)

The value indicated by the income approach is applicable and is given the greatest amount of
consideration. The value indicated by the income approach ($1,570 to $2,030) is directly supported by
the selling agent’s statement that the system contributed the same value as the third stall of a three car
garage (i.e. $4,000 to $6,000); this can be translated into a per kW value of $1,330 to $2,000. The
income approach has a value range of $1,570 to $2,030 per kW. This is considered a reliable figure.
The cost approach, while applicable, is outside of the value range of all other market indicators,
therefore, it is not given any consideration.

As of February 2013, the value is:
$1,570 to $2,000 per kW
for a 3.0 kW, new system with 25 years remaining of useful
life and with a location in Westminster, Co, Subdivision “A”
The PV system had a positive impact on the marketability of the home.
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Westminster, Subdivision “A”: Case Study 15
Subdivision location:

Westminster, CO

SUBDIVISION A
Price range of homes sold200:

Number of detached
homes:
Percentage of
Rentals:

Near 500

Age range of homes:

8%

Gross Rent Multiplier chart for
subdivision:

Quality of
Construction:

Average to Very
Good

Type of homes:

Number of homes
sold in 6 months201:
Number of PV
permits202:
Range of kWs
installed:
Median kW amount
installed:

8

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

15
Unknown
Unknown

$349,000 to $645,000
Median: $493,000
No Mode
2002 to 2013
Not enough data. While
there are rental properties:
they all appear to be
townhomes.
Tract homes. Mostly 2‐story,
new urbanism homes on
small city lots with back
alleys. Pedestrian friendly.
1200 – 4600
6
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 15
December, 2011
$416,704
Sales Price of house:
New
2090
Above‐grade sq.ft. of home:
190 (new
90
Average Days on Market for
204
construction)
subdivision :

Purchase Date:
Age of home:
Total days on
market203:
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: Assumed, however, no details are disclosed.

MARKET CONDITIONS AT TIME OF SALE for Case Study 15 :
STABLE
Values were stable. Supply and demand were in balance and, the number of sales per six‐month period
was in balance. Bank sales and REO sales represented only 10% of all transactions.

200

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
202
Figures are for 2009, 2010, 2011 and 2012
203
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
204
Information is
based on sales that sold in the six months proper to the closing date of the subject property.
201

PHOTOVOLTAIC SYSTEM For Case Study 15
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Listing Agene
kW
3.0 kW
Permit
Date of Permit
Aug, 2011
Permit
Manufacturer of panels
Perlight
Permit
Warranty on panels
25 Years
Permit
Manufacturer of Inverter
Frontius
Permit
Warranty on Inverter
10 Years
Assumed
Type
Fixed
Observation
Tilt
45.00
Observation
Energy Production per panel
250
Permit
Energy Production Estimate (for 1 year) 4299
PV Value
Location
Roof
Permit, Observation
Age of panels
New
Permit
Inverter type
Wall mount
Permit
Age of Inverter
New
Permit
Original gross cost
$10,998
Permit
Azimuth
134
Solmetric Roof Azimuth tool
Listing Agent: Agent did not provide any feedback.
Buyer’s Agent: Agent does not remember the property but stated that the PV was “certainly
not a negative.”

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #15
DATA SOURCES
Attempts were made to contact and gather data from all of the following sources. The sources that are
marked with a check are those for which information was successfully obtained for Case Study 15:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
15’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)
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A. Cost Approach (Using Local Builder Costs)
Current builder costs were extracted using building permit information for the City of Westminster:

Date of Permit

Total
system Cost

6645 W 114th Ave

11/28/2011

$11,280

3.225

$3,475

7131 Irving St

12/13/2011

$19,347

5.98

$3,235

10589 Pierson Cir

12/13/2011

$16,400

4.7

$3,489

6449 W 97th Pl

12/08/2011

$32,775

7.02

$4,668

5792 W 109th Ave

11/27/2011

$39,500

8.64

$4,571

Address

kWs

Cost
per kW

Based on the above permit data, a reasonable conclusion to draw is that a current cost per kW is $3,500.
3.0 kW X $3,500 = $10,500
There is no depreciation to take into consideration, as this is a new PV system. The above costs are
directly in line with the builders exact costs of $10,998 (as was noted on the permit).
The actual builder costs are directly reflective of other area permit data, and therefore, the builders cost
figures of $11,000 (i.e. $10,998 rounded) are reasonable cost figures for this case study.
The $11,000 cost figure, however, does not take into consideration functional obsolescence. Therefore:
$11,000 less ($1000 X 3.0kW for functional obsolescence) =

$8,000 for a 3.0 kW system

As of December 2011, a value indication using the cost approach is:
$2,670 (rounded) per kW
for a 3.0 kW, new system with 25 years remaining useful life.
This cost estimate is prior to rebates and incentives.

B. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 25 years. The system is new, so the remaining useful life is 25 years.
The applicable specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80031

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

3000
0.770
0.5

Basis Points (high)
Basis Points (average)
205
Net Yield Rate (Custom)

300
175
4.29

Tilt
Azimuth

45
134

Discount Rate(low)
Discount rate (average)

4.79
6.04

KWh Produced/Year

4299

Discount rate (high)

7.29

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$933.55
25
0
25

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$476.92

Present value estimate of accumulated energy production for remaining 25 years
Low
Average
High

$5,612.02
$6,375.39
$7,294.37

As per the above data, the indicated value by the income approach is between $5,600 and $7,300 (both
figures are rounded) for a 3.0 kW system.
As of December 2011, a value indication using the income approach is:
$1,870 to $2,430 (rounded) per kW
for a 3.0 kW, new system with 25 years remaining of useful life.

205

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:




The buyer’s agents only comment was that “PV was not a negative.”
There was not enough rental data to generate a reliable GRM.
An adequate paired sale was not found, and therefore, no data was available about the possible
value contribution of a PV system.

Reconciliation of Each Value Indication:
Paired Sales Analysis
n/a

Cost Approach
$2,670 per kW

Income Approach
$1,870 to $2,430 per kW (PV Value)

The value indicated by the income approach is applicable and is given the greatest amount of
consideration. The value indicated by the income approach is $1,870 to $2,430. This is considered a
reliable figure. PV systems are very common in this market area and buyers are very interested in utility
savings.
The cost approach, while applicable, is outside of the value range of all other market indicators, and
therefore, it is not given any consideration.

As of December 2011, the value is:
$1,870 to $2,430 per kW
for a 3.0 kW, new system with 25 years remaining of useful
life and with a location in Westminster, Co, Subdivision “A”
Based on the selling agents comment, it is probable that PV had a positive impact on
marketability

Westminster, Subdivision “A”: Case Study 16
Subdivision location:

Westminster, CO

SUBDIVISION A
Price range of homes sold206:

Number of detached
homes:
Percentage of
Rentals:

Near 500

Age range of homes:

8%

Gross Rent Multiplier chart for
subdivision:

Quality of
Construction:

Average to Very
Good

Type of homes:

Number of homes
sold in 6 months207:
Number of PV
permits208:
Range of kWs
installed:
Median kW amount
installed:

16

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

15
Unknown
Unknown

$300,000 to $680,000
Median: $435,150
No Mode
2002 to 2013
Not enough data. While
there are rental properties:
they all appear to be
townhomes.
Tract homes. Mostly 2‐story,
new urbanism homes on
small city lots with back
alleys. Pedestrian friendly.
1200 – 4600
6
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 16
April, 2013
$417,000
Sales Price of house:
3
2244
Above‐grade sq.ft. of home:
13
57
Average Days on Market for
210
subdivision :

Purchase Date:
Age of home:
Total days on
market209:
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: Assumed, however, specifics are not known

MARKET CONDITIONS AT TIME OF SALE for Case Study 16 :
INCREASING
From approximately December 2012 to the present, values have been increasing. The exact rate of
increase has been approximately 0.8% per month. Inventory is down considerably, which is putting
upward pressure on sale prices.

206

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
208
Figures are for 2009, 2010, 2011 and 2012
209
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
210
Information is based on sales that sold in the six months proper to the closing date of the subject property.
207
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PHOTOVOLTAIC SYSTEM For Case Study 16
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Builder
kW
2.7
Permit
Date of Permit
April, 2010
Permit
Manufacturer of panels
Canadian Solar Permit
Warranty on panels
25 Years
Permit
Manufacturer of Inverter
Enphase Micro Permit
Warranty on Inverter
15 Years
Permit
Type
Fixed
Observation
Tilt
22.6
Observation
Energy Production per panel
180
Permit
Energy Production Estimate (for 1 year)
3906
PV Value
Location
Roof
Observation
Age of panels
New
Permit
Inverter type
Microinverters Permit
Age of Inverter
New
Permit
Original gross cost
$16,000
Permit
Azimuth
138
Solmetric Roof Azimuth tool
Listing Agent (Provided extensive feedback): It was a “nice marketing tool.” Everyone was
excited about it. The installer was instrumental in answering potential buyer’s questions about
the system. The utility savings costs were measureable and important. This sale, however, had
unusual circumstances. The seller had to reduce the contract by $13,000 to account for three
unusual circumstances: The newer roof had a material failure (even though it was only three
years old) and needed to be replaced. Thus, the roof would have to be replaced and the panels
would need to be removed and reinstalled. Also, there was a problem with pigeons living under
the panels, so a bird abatement program had to be paid for. Often, buyers are leery of having
to sign a contract with Xcel, but if they receive good education, that fear is overcome and they
actually become excited about the systems. Educating the buyer and providing documentation
are key. In the end, this particular PV system did not add value because it had atypical repair
costs.
Buyer’s Agent: The buyers were concerned about the maintenance issues.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #16
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 16:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
16’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Cost Approach (Using Local Builder Costs)
Current builder costs were extracted using building permit information for the City of Westminster:

Date of Permit

Total
system Cost

12497 Lipan Ct

11/08/2012

$21,600

7.2

$3,000

9749 Teller Ln

10/30/2012

$16,305

3.92

$4,159

6601 E 99th Ave

11/27/2012

$16,560

5.52

$3,000

8582 Dover Cir

11/27/2012

$23,760

7.92

$2,988

Address

kWs

Cost
per kW

As per the two permits noted above, costs were only $3,000 per kW, which is below the greater market
norm. However, these figures are used since they are derived directly from the market.
2.7 kW X $3,000 = $8,100
Depreciation is based on the system’s actual age (as of April, 2013), compared to its useful life:
Straight‐line age/life method
Age of system:
3 years
Useful life:
25 years211
3/25 = 12% physical depreciation
$8,100 less depreciation
Less the $3000 cost to remove and replace the panels
Less the $700 cost for bird abatement
Less ($1000 X 2.7kW for functional obsolescence)

= $7,200
= $4,200
= $3,500
= $800 total

The value of the entire 2.7 kW system, as‐is, would be $800.

211

The subject property’s PV system is 0 years and has a 25 year warranty. Total useful life is based on the life of the warranty.
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As of April 2013, a value indication using the cost approach is:
$300 per kW
for a 2.7 kW, 3‐year old system with 22 years remaining useful life and needed
repairs.
Given the unusual repair circumstances surrounding this property, the cost approach shows the PV
system did not add any value to the property.

Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:




While the listing agent stated that PV has a very positive impact on marketability, this property
had the unusual circumstance of needing $13,000 in repairs to the roof and for bird abatement
issues. Even so, the buyers were very much interested in the ability to save on their utility costs,
so they are planning to have the roof repaired and re‐install the PV system (though arguably, it
is probable that their agreement with Xcel requires them to re‐install the panels, this could not
be verified, but is a possibility).
The selling agent stated that the buyers liked the system, but the repair costs were an issue.

A reasonable conclusion to draw is that the income potential of the system was of interest to the
buyers, but in its current state, it did not add value.
Reconciliation of Each Value Indication:
Paired Sales Analysis
n/a

Cost Approach
$800 per kW

Income Approach
n/a

The cost approach data is given full consideration in the final reconciliation. This PV system had atypical
repair issues which, essentially, reduced the as‐is cost value to $800 for the entire 2.7 kW system. This
cost figure is very low and given that the buyers were compensated for these repair issues, a reasonable
conclusion can be drawn that as‐is cost was the value added to the property.

As of April 2013, the value is:
$300 per kW
for a 2.7 kW, 3‐year old system with 22 years remaining of
useful life (and repair issues) and with a location in
Westminster, Co, Subdivision “A”
Marketing time was 13 days: 44 days less the market area average of 57. The listing
agent confirmed that PV is a positive marketing feature and attracts buyers.

As previously stated in this study, once a property was identified as having met the criteria to qualify as
a case study (i.e. it was sold between January 2011 and May 2013, it was located in the market study
area, it had a PV system that was owned, and it sold for between $200,000 and $680,000), the property
was retained as a case study. If, as in the case noted above, further information was discovered along
the way that indicated the sale had unusual circumstances, the property was not removed from the case
study.
While this case study does not add significant information to the overall study, it does demonstrate that
there are circumstances where a PV system (regardless of demand for PV systems in a particular market
area), does not add value to a specific property because of extenuating circumstances.
This case study shows that appraisers do verify data and research market indicators when developing an
opinion of market value, and do not just assume that PV systems add value in all situations (even if they
are popular and in demand in a particular market area, as they are in this area).
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Westminster, Subdivision “A”: Case Study 17
Subdivision location:

Westminster, CO

SUBDIVISION A
Price range of homes sold212:

Number of detached
homes:
Percentage of
Rentals:

Near 500

Age range of homes:

8%

Gross Rent Multiplier chart for
subdivision:

Quality of
Construction:

Average to Very
Good

Type of homes:

Number of homes
sold in 6 months213:
Number of PV
permits214:
Range of kWs
installed:
Median kW amount
installed:

16

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

15
Unknown
Unknown

$300,000 to $680,000
Median: $435,150
No Mode
2002 to 2013
Not enough data. While
there are rental properties:
they all appear to be
townhomes.
Tract homes. Mostly 2‐story,
new urbanism homes on
small city lots with back
alleys. Pedestrian friendly.
1200 – 4600
6
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 17
May, 2013
$449,900
Sales Price of house:
4
2244
Above‐grade sq.ft. of home:
9
57
Average Days on Market for
216
subdivision :

Purchase Date:
Age of home:
Total days on
market215:
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: Assumed. However, specifics are not known.

MARKET CONDITIONS AT TIME OF SALE for Case Study 17 :
INCREASING
From approximately December 2012 to the present, values have been increasing. The exact rate of
increase has been approximately 0.8% per month. Inventory is down considerably, which is putting
upward pressure on sale prices.

212

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
214
Figures are for 2009, 2010, 2011 and 2012
215
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
216
Information is based on sales that sold in the six months proper to the closing date of the subject property.
213

PHOTOVOLTAIC SYSTEM For Case Study 17
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Builder
kW
3.6 kW
Permit
Date of Permit
Sept, 2009
Permit
Manufacturer of panels
(unknown)
Warranty on panels
25 Years
(assumed)
Manufacturer of Inverter
(unknown)
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation
Tilt
22.6
Observation
Energy Production per panel
(unknown)
Energy Production Estimate (for 1 year)
4671
PV Value
Location
Roof
Observation
Age of panels
4 years
Permit
Inverter type
Wall mounted
(assumed)
Age of Inverter
4 years
Permit
Original gross cost
(unknown)
Azimuth
225
Solmetric Roof Azimuth tool
Listing Agent: Did not provide feedback
Buyer’s Agent: The buyers were excited about saving money on their utility costs. The utility
savings were a plus. The PV system added value for sure (though the existence of PV did not
make or break the deal).

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #17
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 17:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to help determine the contribution value (if any) of Case
Study 17’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)
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A. Cost Approach (Using Local Builder Costs)
Current builder costs were extracted using building permit information for the City of Westminster:

Date of Permit

Total
system Cost

7483 Dale Ct

02/13/2013

$7,920

2.64

$3,000

9520 Pierce St

02/13/2013

$12,960

4.32

$3,000

5726 W 115th Pl

02/13/2013

$16,560

5.52

$3,000

11350 Quivas Way

03/11/2013

$30,345

8.67

$3,500

Address

Cost
per kW

kWs

As per the two permits noted above, costs were only $3,000 per kW, which is below the market norm.
However, these figures are used since they are derived directly from the market.
3.6 kW X $3,000 = $10,800
Depreciation is based on the system’s actual age (as of May, 2013), compared to its useful life:
Straight‐line age/life method
Age of system:
4 years
Useful life:
25 years217
4/25 = 16% physical depreciation
$10,800 less depreciation

= $9,070 (rounded)

The value would be $9,070 for the entire 3.6 kW system. This, however, is prior to taking functional
obsolescence into consideration:
$9,070 less ($1000 X 3.6kW for Functional Obsolescence) =

$5,470 total value

As of May 2013, a value indication using the cost approach is:
$1,520 (rounded) per kW
for a 3.6 kW, 4‐year old system with 21 years remaining useful life.

217

The subject property’s PV system is 4 years and has a 25 year warranty. Total useful life is based on the life of the warranty.
The warranty life span is assumed. If this assumption is incorrect, this could alter the opinions and conclusions reached in this
report.

B. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 21 years. The system is four years old, thus, the remaining useful life is
21 years. The applicable specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80031

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

3600
0.770
0.5

Basis Points (high)
Basis Points (average)
218
Net Yield Rate (Custom)

200
125
3.59

Tilt
Azimuth

22.6
225

Discount Rate(low)
Discount rate (average)

4.09
4.84

KWh Produced/Year

4671

Discount rate (high)

5.59

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1605.34
25
4
21

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$507.77

Present value estimate of accumulated energy production for remaining 21 years
Low
Average
High

$5,222.21
$5,923.89
$6,749.73

As per the above data, the indicated value by the income approach is between $5,200 and $6,700 (both
figures are rounded) for a 3.6 kW system.
As of May 2013, a value indication using the income approach is:
$1,450 to $1,860 (rounded) per kW
for a 3.6 kW, 4‐year old system with 21 years remaining of useful life.

218

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the subject’s PV System:




The selling agent indicated that the PV system had a positive impact on value. The selling agent
also indicated that the buyers did take the utility savings into consideration when purchasing the
property.
The marketing time was only nine days.

A reasonable conclusion to draw is that the income potential of the system was of interest to the
buyers. Also, given the selling agents comments, the PV system did add value to the property.

Reconciliation of Each Value Indication:
Paired Sales Analysis
n/a

Cost Approach
$1,520 per kW

Income Approach
$1,450 to $1,860 per kW (PV Value)

The paired sales analysis is not applicable due to a lack of data.
The cost approach was data given consideration, as the data used to develop the cost approach is
considered to be very reliable and indicative of the market. The value indication by the cost approach is
reflective of the income approach value indication.
The value indicated by the income approach is given the greatest amount of consideration given the
comments made by the buyer’s agent. The agent indicated that the monthly savings on utility costs
were of interest to the buyers, and therefore the income approach was considered relevant.
This property is located in a “new urbanism” development where a good majority of the homes have PV
systems. Also, green features and energy efficient building is part of the appeal of this neighborhood.
Therefore, the value indicated by the income approach is the most relevant. A value indication of
between $1,450 and $1,860 per kW is reasonable.

As of May 2013, the value is:
$1,450 to $1,860 per kW
for a 3.6 kW, 4‐year old system with 21 years remaining of
useful life and with a location in Westminster, Co,
Subdivision “A”
Marketing time was 9 days: 48 days less the market area average of 57. The buyer’s
agent confirmed that PV is a positive marketing feature.

Wheat Ridge Market Area219 “A”: Case Study 18
Wheat Ridge,
CO

Number of
detached homes:

Unknown.
Densely
populated 8 sq.
mile area
Unknown.
Estimated near
30%.

Percentage of
Rentals:

MARKET AREA A
Price range of homes sold220:
Age range of homes:

Gross Rent Multiplier chart
for subdivision:

$60,000 to $620,000
Median: $216,000
Mode: too many to be relevant
Unknown. Most properties were built in
the late 1950s and early 1960s. A mixed
urban area.

Sale Price

Subdivision
location:

300000
250000
200000
150000
149 152 155 158
GRM

Quality of
Construction:
Number of homes
sold in 6 months:
Number of PV
permits:
Range of kWs
installed:
Median kW
amount installed:

Fair to Average

Type of homes:

Tract homes. Mostly brick ranch homes on
standard 5,000 to 12,000 sq.ft. lots

79

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

1000 – 2500

Unknown
Unknown
Unknown

4 in last 2 years.
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 18
May, 2012
$265,000
Purchase Date:
Sales Price of house:
55
years
1426
Age of home:
Above‐grade sq.ft. of home:
54
76
Total days on
Average Days on Market for
221
222
market :
subdivision :
155
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: none known

219

The case studies that are not from Wheat Ridge, include market data taken from their exact subdivision. Wheat Ridge is not
divided into subdivisions. Thus, a market area that is common to all four case studies from Wheat Ridge is used.
220
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
221
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
222
Information is based on sales that sold in the six months proper to the closing date of the subject property.
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MARKET CONDITIONS AT TIME OF SALE for Case Study 18 :
STABLE
Seasonally, values were extremely stable. Supply and demand were in balance. 30% of all sales were
REO properties, as the market was just starting to recover from heavy foreclosure rates.

PHOTOVOLTAIC SYSTEM For Case Study 18
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Ownership
kW
Date of Permit
Manufacturer of panels
Warranty on panels
Manufacturer of Inverter
Warranty on Inverter
Type
Tilt
Energy Production per panel
Energy Production Estimate
(for 1 year)
Location
Age of panels
Inverter type
Age of Inverter
Original gross cost
Azimuth

Details‐Array 1
Owned
2.3 kW
July, 2008
Kyocera
20 Years
Xantrax
10 Years
Fixed
18.4
205
3131

Details‐Array 2
Owned
2.7 kW
July, 2008
Kyocera
20 Years
Xantrax
10 Years
Fixed
18.4
205
3261

Roof
4 years
Wall mount
4 years
$17,951
157

Roof
4 years
Wall mount
4 years
$21,074
247

Source
Listing Agent
Permit
Permit
Permit
Permit
Permit
Permit
Permit, Observation
Observation
Permit
Permit

Permit, Observation
Permit
Permit
Permit
Permit
Solmetric Roof
Azimuth tool
Listing Agent: It was necessary to educate the buyers: education was key. Many did not
understand the system but liked the cost efficiency once they learned about it. Buyers were
worried about perceived maintenance costs. The person who bought the house did not
understand the system until it was explained to him. The agent actively marketed the PV
system by disclosing the low utility rates the home has.
Buyer’s Agent: Did not provide feedback.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #18
DATA SOURCES
Attempts were made to contact and gather data from all of the following sources. The sources that are
marked with a check are those for which information was successfully obtained for Case Study 18:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Market area Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
6’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis223
Subject
Sale Price
Sale Date
Days to sale
Square feet
Photovoltaic
Notable
feature
Other

Comp 1

$265,000

$265,000

May, 2012

Feb, 2012

54

88

1995

2005

Yes

No

Moderate
Updating

Extensively
Remodeled

4 bed/2 bath,
2 car Garage

4 bed/2 bath,
2 car Garage

This was the only reasonable paired sale found. While it does not indicate an exact value contribution of
a PV system, it does indicate that the PV system did have positive value. Comp 1 had more remodeling
and was sold for the same price as the subject property. This is not a value indicator, but it does indicate
that PV had some contributory value.
Thus, the following is the most reasonable conclusion:
As of May 2012, a value indication using the Paired Sales Analysis is:
AN UNDETERMINED POSITIVE VALUE AMOUNT
for a 5.0 kW, 4 year old system with 16 years remaining useful life.

223

Similar features of these two properties include a similar year of construction, style, lot size, view, location and quality of
construction.

Case Study 18

P a g e | 225

Case Study 18

P a g e | 226

B. Cost Approach (Using Local Builder Costs)
Current builder costs were extracted using building permit information for the City of Wheat Ridge:
Date of
Permit

kWs

Cost
per kW

10/14/2011

2655 Quay St

$15,000

4.14

$3,623

05/01/2012

4560 Upham St

$40,900

7.68

$5,325

05/07/2012

4265 Dudley St

$31,387

6.75

$4,649

02/15/2012

4455 Yarrow St

$30,000

7.58

$3,957

Address

Total
system Cost

During this time period, cost per kW was changing rapidly. The lowest price per kW was used for this
cost approach since costs were generally declining during this time period. Thus, a cost of $4,000 per kW
is reasonable.
The subject property has a 5.0 kW system, thus:
5.0 kW X $4,000 per kW =

$20,000.

Depreciation is based on the system’s actual age (as of May, 2012), compared to its useful life:
Straight‐line age/life method
Age of system:
4 years
Useful life:
20 years224
4/20% = 20% depreciated
$20,000 less depreciation

= $16,000

Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$16,000. This, however, does not take into consideration functional obsolescence:
$16,000 less ($1000 X 5.0kW for functional obsolescence) =

$11,000

This figure is then used to draw the following conclusion:
As of May 2012, a value indication using the cost approach is:
$2,200 (rounded) per kW
for a 5.0 kW, 4‐year old system with 16 years remaining useful life.

224

The subject property’s PV system is 4 years and has a 20 year warranty. Total useful life is based on the life of the warranty.

C. Income Approach (Using a Gross Rent Multiplier)
An estimated 30% of the properties in this subdivision are rented. Thus, there is ample rental data
available for comparison and a GRM is a reasonable indicator of market value in this subdivision. As per
the GRM chart provided earlier, a GRM for the subject property is 155.
By calculating the subject’s average estimated monthly savings, the GRM can be used to estimate the
value contribution of these savings.
1)
2)
3)
4)

Subject’s yearly energy production is estimated225 at 6547 kWh
Current utility rates are $0.11 per kWh
6547 kWh X $0.11 = $720.17/12 = $60.01 per month
$60.01 X (GRM of 155) = $9,302 (for a 5.0 kW system)

These figures are then reduced to a per kW estimate:
As of May 2012, the value indicated using the income approach is:
$1,860 (rounded) per kW
for a 5.0 kW, 4‐year old system with 16 years remaining of useful life.

Rental income is a factor nearly 30% of potential buyers take into account in this neighborhood. Also,
there is ample rental information available. For this reason, the income approach is given consideration
in the reconciliation of values. The buyer did not understand the system at first, but after education
from the listing agent (who stated “education was key”), the buyer learned about the money saving
capabilities of the system and liked them.

225

The estimated savings rate is based on the probable number of kWh’s the system will generate in a year (per PV Value®) and
using local utility rates.
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D. Income Approach (Using PV Value)
The PV Value tool was used to determine the present value of the energy that will be produced by the
subject’s PV system over the next 16 years. The system is already four years old, so the remaining useful
life is only 16 years. Because this system has two separate arrays, two PV Value calculations were run
and added together in the following chart. The applicable specifications for the subject property’s PV
system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80031

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

5000
0.770
0.5

Basis Points (high)
Basis Points (average)
226
Net Yield Rate (Custom)

300
175
4.09

Tilt
Azimuth

18.4
157

Discount Rate(low)
Discount rate (average)

4.59
5.84

KWh Produced/Year

7440

Discount rate (high)

7.09

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

2.13

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1472.94
20
4
16

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$711.72

Present value estimate of accumulated energy oroduction for remaining 16 years
Low
Average
High

$7,504.70
$8,218.24
$9,028.58

As per the above data, the indicated value by the income approach is between $7,500 and $9,000 (both
figures are rounded) for a 5.0 kW system.
As of May 2012, a value indication using the income approach is:
$1,500 to $1,800 (rounded) per kW
for a 5.0 kW, 4‐year old system with 16 years remaining of useful life.

In this circumstance, this data is considered very relevant. The buyer’s agent indicated that he marketed
the utility savings realized. This data is therefore given consideration in the final reconciliation and is a
reflection of how this buyer considered the value contribution of the PV system.

226

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:



The listing agent marketed the property by advertising the utility savings. The buyer had to be
educated about the system, but once educated, he saw the value.
The utility savings were important to the valuation of the home (per the listing agent).

In this circumstance, the income of the PV system played a role in the price of the home.

Reconciliation of Each Value Indication:
Paired Sales Analysis
Positive value contribution
(exact value amount unknown)

Cost Approach
$2,200 per kW

Income Approach
$1,860 per kW (GRM)
$1,500 to $1,800 per kW (PV Value)

The paired sales analysis only indicates that a positive adjustment is warranted, however, it does not
indicate how much that adjustment should be.
The cost approach data is applicable; however, since the listing agent indicated that the income was of
greatest interest to the buyer, the income approach is given the greatest consideration.
The income approach value using a GRM is given consideration. This market area did take the utility
savings into account. The value indicated by the PV Value is also given a great amount of consideration,
as it very closely approximates the actual savings the seller realized per year. The agent actively
marketed this home by advertising the savings amount. Therefore, the utility savings were an important
feature in this transaction.

As of May 2012, the value is:
$1,500 to $1,860 per kW
for a 5.0 kW, 4‐year old system with 16 years remaining of
useful life and with a location in Wheat Ridge, market area
“A”
Marketing time was 54 days: 22 days less than the market average of 76 days.

Wheat Ridge Market Area227 “A”: Case Study 19
Subdivision
location:

Wheat Ridge,
CO

Number of
detached homes:

Unknown.
Densely
populated 8 sq.
mile area
Unknown.
Estimated near
30%.

Percentage of
Rentals:

MARKET AREA A
Price range of homes sold228:
Age range of homes:

Gross Rent Multiplier chart
for subdivision:

$60,000 to $620,000
Median: $220,000
Mode: too many to be relevant
Unknown. Most properties were built in
the late 1950s and early 1960s. A mixed
urban area.

Sale Price
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300000
250000
200000
150000
149 152 155 158
GRM

Quality of
Construction:
Number of homes
sold in 6 months:
Number of PV
permits:
Range of kWs
installed:
Median kW
amount installed:

Fair to Average

Type of homes:

Tract homes. Mostly brick ranch homes on
standard 5,000 to 12,000 sq.ft. lots

51

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

1000 – 2500

Unknown
Unknown
Unknown

4 in last 2 years.
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 19
June, 2012
$289,000
Purchase Date:
Sales Price of house:
60
years
1690
Age of home:
Above‐grade sq.ft. of home:
21
68
Total days on
Average Days on Market for
229
230
market :
subdivision :
155
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: none known

227

The case studies that are not from Wheat Ridge, include market data taken from their exact subdivision. Wheat Ridge is not
divided into subdivisions. Thus, a market area that is common to all four case studies from Wheat Ridge is used.
228
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
229
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
230
Information is based on sales that sold in the six months proper to the closing date of the subject property.

MARKET CONDITIONS AT TIME OF SALE for Case Study 19 :
STABLE
Seasonally, values were extremely stable. Supply and demand were in balance. 30% of all sales were
REO properties, as the market was just starting to recover from heavy foreclosure rates.

PHOTOVOLTAIC SYSTEM For Case Study 19
Details of the subject’s
PV system:

Realtor Estate Agent
comments:

Category
Ownership
kW
Date of Permit

Details
Source
Owned
Listing Agent
3.36 kW
Permit
December, 2009
Permit
2008
Manufacturer of panels
Amerisolar
Permit
Warranty on panels
25 Years
Permit
Manufacturer of Inverter
PV Powered 3000 Permit
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Permit, Observation
Tilt
18.4
Observation
Energy Production per panel
240
Permit
Energy Production Estimate (for 1 year)
4838
Permit
Location
Roof
Permit, Observation
Age of panels
3 years
Permit
Inverter type
Wall mount
Permit
Age of Inverter
3 years
Permit
Original gross cost
$15,000
Permit
Azimuth
143
Solmetric Roof Azimuth tool
Listing Agent: The PV system was of great importance to the buyers. The utility bills were small
and this made the buyers “super happy.” When the house was appraised for the sale, the
appraiser developed the opinion that the system added somewhere between $5,000 and $6,000
to the property value (Note: the appraiser was not available for comment, so it is not known
how the appraiser developed this opinion of contributory value or if it is a valid and supportable
opinion.)
Buyer’s Agent: Buyers were very excited about the system, they were apprehensive about the
maintenance costs until they were educated about them. The PV did impact the value
positively, as these buyers were young and “loved green.” The more energy efficiency features
they could find, the better. PV was a selling feature that mattered to them.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #19
DATA SOURCES
Attempts were made to contact and gather data from all of the following sources. The sources that are
marked with a check are those for which information was successfully obtained for Case Study 19:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Market area Analysis
Area rental data
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APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
19’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis231
Comp 1
Sale Price
Sale Date
Days to sale
Square feet
Photovoltaic
Notable
feature
Other

Comp 2

$265,000

$265,000

May, 2012

Feb, 2012

54

88

1995

2005

Yes

No

Moderate
Updating

Extensively
Remodeled

4 bed/2 bath,
2 car Garage

4 bed/2 bath,
2 car Garage

This is the same paired sale used for Case Study 18. The paired sale is applicable to this case study as
well, as both Case Study 18 and Case Study 19 are from the same identical market area and were sold in
the same price range. While this paired sale does not indicate an exact value contribution of a PV
system, it does indicate that the PV system did have value. Comp 2 had more remodeling and was sold
for the same price as Comp 1. Thus, this is not a value indicator, but it does indicate that the PV had
some contributory value.
Thus, the following is the most reasonable conclusion:
As of June 2012, a value indication using the Paired Sales Analysis is:
AN UNDETERMINED POSITIVE VALUE AMOUNT
for a 3.36 kW, 3 year old system with 22 years remaining useful life.

231

Similar features of these two properties include a similar year of construction, style, lot size, view, location and quality of
construction.

B. Cost Approach (Using Local Builder Costs)
Current builder costs were extracted using building permit information for the City of Wheat Ridge:
Date of
Permit

kWs

Cost
per kW

06/21/2012

4355 Newland St

$18,238

6.5

$2,805

07/12/2012

10 Morningside

$18,720

6.24

$3,000

05/07/2012

4265 Dudley St

$31,387

6.75

$4,649

02/15/2012

4455 Yarrow St

$30,000

7.58

$3,957

Address

Total
system Cost

Based on this data and cost data from other markets, a per‐kW cost of $3,500 is reasonable, that is also
the average cost per kW of the above PV systems.
The subject property has a 3.360 kW system, thus:
3.36 kW X $3,500 per kW =

$11,760

Depreciation is based on the system’s actual age (as of June, 2012), compared to its useful life:
Straight‐line age/life method
Age of system:
3 years
Useful life:
25 years232
3/25% = 12% depreciated
$11,760 less depreciation

= $10,350

Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$10,400 (rounded). This figure, however, does not include functional obsolescence. Therefore,
functional obsolescence is taken into consideration:
$10,400 less ($1000 X 3.36kW for functional obsolescence) =

$7,040 total value

This figure is then used to draw the following conclusion:
As of June 2012, a value indication using the cost approach is:
$2,100 (rounded) per kW
for a 3.36 kW, 3‐year old system with 22 years remaining useful life.

C. Income Approach (Using a Gross Rent Multiplier)

232

The subject property’s PV system is 3 years old and has a 25 year warranty. Total useful life is based on the life of the
warranty.
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An estimated 30% of the properties in this subdivision are rented. Thus, there is ample rental data
available for comparison and a GRM is a reasonable indicator of market value in this subdivision. As per
the GRM chart provided earlier, a GRM for the subject property is 155.
By calculating the subject’s average estimated monthly savings, the GRM can be used to estimate the
value contribution of these savings.
1)
2)
3)
4)

Subject’s yearly energy production is estimated233 at 4838 kWh
Current utility rates are $0.11 per kWh
4838 kWh X $0.11 = $532.18/12 = $44.34 per month
$44.34 X (GRM of 155) = $6,873 (for a 3.36 kW system)

These figures are then reduced to a per kW estimate:
As of June 2012, the value indicated using the income approach is:
$2,050 (rounded) per kW
for a 3.36 kW, 3‐year old system with 22 years remaining of useful life.

Rental income is a factor nearly 30% of potential buyers take into account in this neighborhood. Also,
there is ample rental information available. For this reason, the income approach is given consideration
in the reconciliation of values. The listing agent stated that the PV system and the utility savings per
month were very important to these buyers. Therefore, this value indicator is taken into consideration.

233

The estimated savings rate is based on the probable number of kWh’s the system will generate in a year (per PV Value®) and
using local utility rates.

E. Income Approach (Using PV Value)
The PV Value tool was used to determine the present value of the energy that will be produced by the
subject’s PV system over the next 22 years. The system is already three years old; thus, the remaining
useful life is only 22 years. The applicable specifications for the subject property’s PV system are noted
below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80214

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

3360
0.770
0.5

Basis Points (high)
Basis Points (average)
234
Net Yield Rate (Custom)

300
175
3.99

Tilt
Azimuth

18.4
143

Discount Rate(low)
Discount rate (average)

4.49
5.74

KWh Produced/Year

4838

Discount rate (high)

6.99

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1289.82
25
3
22

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$528.66

Present value estimate of accumulated energy production for remaining 22 years
Low
Average
High

$5,693.79
$6,435.64
$7,313.02

As per the above data, the indicated value by the income approach is between $5,700 and $7,300 (both
figures are rounded) for a 3.36 kW system.
As of June 2012, a value indication using the income approach is:
$1,700 to $2,170 (rounded) per kW
for a 3.36 kW, 3‐year old system with 22 years remaining of useful life.

In this circumstance, this data is considered very relevant. The buyer’s agent indicated that the buyers
said the utility savings per month were “of great importance” to them. This data is therefore given
consideration in the final reconciliation and is a reflection of how this buyer considered the value
contribution of the PV system.

234

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:




The listing agent indicated that the utility savings were very important to this buyer.
The buyer’s agent indicated that the utility savings were very important to the buyer.
The home sold very quickly.

In this circumstance, the income of the PV system played a role in the price of the home.
Reconciliation of Each Value Indication:
Paired Sales Analysis
Positive value contribution
(exact value amount unknown)

Cost Approach
$2,100 per kW

Income Approach
$2,050 per kW (GRM)
$1,700 to $2,170 per kW (PV Value)

The paired sales analysis only indicates that a positive adjustment is warranted, however, it does not
indicate how much that adjustment should be.
The cost approach is applicable and reflective of the market area.
The income approach value using a GRM is given consideration. This market area did take the utility
savings into account; therefore, the GRM is reflective of market actions. The value indicated by the PV
Value is also given consideration, as the data utilized for this approach was very complete.
Given the above value indicators, and the fact that three value indicators are within the very tight range
of $2,050 to $2,170, a final value indication of $2,100 per kW is reasonable.

As of June 2012, the value is:
$2,100 per kW
for a 3.36 kW, 3‐year old system with 22 years remaining of
useful life and with a location in Wheat Ridge, market area
“A”
Marketing time was 21 days: 47 days less than the market average of 68 days.

Wheat Ridge Market Area235 “A”: Case Study 20
MARKET AREA A
Price range of homes sold236:

Subdivision location:

Wheat Ridge, CO

Number of detached
homes:

Unknown. Densely
populated 8 sq. mile
area

Age range of homes:

Percentage of
Rentals:

Unknown.
Estimated near
30%.
Fair to Average

Gross Rent Multiplier chart for
subdivision:

47

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

Quality of
Construction:
Number of homes
sold in 6 months:
Number of PV
permits:
Range of kWs
installed:
Median kW amount
installed:

Unknown
Unknown
Unknown

Type of homes:

$60,000 to $620,000
Median: $216,000
Mode: too many to be
relevant
Unknown. Most properties
were built in the late 1950s’
and early 1960s. A mixed
urban area.
No rental data available for
this price range.
Tract homes. Mostly brick
ranch homes on standard
5,000 to 12,000 sq.ft. lots
1000 – 3500
4 in last 2 years.
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 20
April, 2012
$620,000
Purchase Date:
Sales Price of house:
5
years
3251
Age of home:
Above‐grade sq.ft. of home:
12
76
Total days on
Average Days on Market for
237
238
market :
subdivision :
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: none known

MARKET CONDITIONS AT TIME OF SALE for Case Study 19 :
STABLE
Seasonally, values were extremely stable. Supply and demand were in balance. 30% of all sales were
REO properties, as the market was just starting to recover from heavy foreclosure rates.

235

The case studies that are not from Wheat Ridge, include market data taken from their exact subdivision. Wheat Ridge is not
divided into subdivisions. Thus, a market area that is common to all four case studies from Wheat Ridge is used.
236
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
237
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
238
Information is based on sales that sold in the six months proper to the closing date of the subject property.
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PHOTOVOLTAIC SYSTEM For Case Study 20
Details of the subject’s
PV system:

Real Estate Agent
comments:

NOTE:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
4.9 kW
Permit
Date of Permit
March, 2007
Permit
Manufacturer of panels
Solarworld
Permit
Warranty on panels
25 Years
(assumed)
Manufacturer of Inverter
Fronius
Permit
Warranty on Inverter
7 Years
Permit
Type
Fixed
Permit, Observation
Tilt
45
Observation
Energy Production per panel
175
Permit
Energy Production Estimate (for 1 year)
Permit
Location
Ground
Permit, Observation
Age of panels
5 years
Permit
Inverter type
Wall mount
Permit
Age of Inverter
5 years
Permit
Original gross cost
(unknown)
Azimuth
183
Solmetric Azimuth tool
Listing Agent: The PV system was not even mentioned by anyone. This house had other negative
issues that impacted the value: the home lacked a basement because the water table was so
high. It is not typical to lack a basement in this area. Also, the property backed to a lake, but did
not have legal access to the lake. This was a huge negative.
Buyer’s Agent: Did not provide feedback.
This system was installed in 2007, when PV systems were rarely noted in the market area. Also,
this is an unusual system in that the array is mounted on the ground in the backyard and takes
up nearly a third of the backyard. Thus, this system has inferior appeal because of its location on
the ground.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #20
DATA SOURCES
Attempts were made to contact and gather data from all of the following sources. The sources that are
marked with a check are those for which information was successfully obtained for Case Study 20:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Market area Analysis

COMMENTS
Per the listing agent’s comments (and the comments of six other agents who have sold properties on
this lake in the past), PV systems have no appeal in this particular market area. The location on/near the
lake is such a huge overriding factor, that smaller individual features homes have (such as decks,
basement finish, moderate updating, two‐verses‐three car garages), have no relevance to the value.
There are so few homes available in the Denver metro area with lake views that the lack of supply
dictates that buyers do not distinguish value based on smaller features (such as PV systems). While the
PV system does produce energy, this market area has literally no interest in that income.
In conclusion, this PV system has no relevance to the property value. Attempts were made to locate
paired sales. However, true to the area agent’s statements: no value difference could be found for any
minor feature (such as a PV system) in the 10 sales that occurred on this lake in the past five years. The
majority of the value was in the land.

Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:






The listing agent indicated that the PV system was of no relevance.
Other area agents confirmed that PV systems are of no relevance in this market area.
This is a unique home with unusual functional issues.
The PV system was unique in that it was mounted on the ground (and took up a good portion of
the backyard).
This was the most expensive home to be sold in the last year in the defined market area. Lake
views are extremely rare and, therefore when a home becomes available with a lake view, it
tends to sell extremely quickly, regardless of the many individual features the home may or may
not have.

For this particular property, the PV system was not relevant. PV systems are not common in this price
range of home and in this market area. The listing agent indicated that the system was not a negative;
rather, it was just a non‐issue. Even so, he did include comments in the MLS regarding its existence and
the home did sell extremely quickly (though, in his opinion, it was because of the lake and had nothing
to do with the PV system).

PV Systems have no market appeal in this particular market
area. This is for a 4.9 kW, 5‐year old system with 20 years
remaining of useful life and with a location in Wheat Ridge,
market area “A”
The subject’s very fast sale was not because to the PV system, thus, it is given no
consideration.
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Again, this case study was retained only because it met the original qualifications to be included as a
case study. This particular property shows that there are circumstances in which a market area places no
interest in the PV system simply because buyers so greatly desire another feature (in this case, a lake
view, which rarely becomes available in this market area). The supply of lake view properties is so
abnormally low that buyers rush to buy these properties, and they see little value in the individual
features each home has in this area. Thus, even though the PV system produces electricity (and income),
this market gave zero indication that income was relevant.

Wheat Ridge Market Area239 “A”: Case Study 21
Wheat Ridge,
CO

Number of
detached homes:

Unknown.
Densely
populated 8 sq.
mile area
Unknown.
Estimated near
30%.

Percentage of
Rentals:

MARKET AREA A
Price range of homes sold240:
Age range of homes:

Gross Rent Multiplier chart
for subdivision:

$50,699 to $620,000
Median: $216,000
Mode: too many to be relevant
Unknown. Most properties were built in
the late 1950s and early 1960s. A mixed
urban area.

Sales Price

Subdivision
location:

330000
280000
230000
150 155 160 165
GRM

Quality of
Construction:
Number of homes
sold in 6 months:
Number of PV
permits:
Range of kWs
installed:
Median kW
amount installed:

Fair to Average

Type of homes:

Tract homes. Mostly brick ranch homes
on standard 5,000 to 12,000 sq.ft. lots

105

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

1000 – 2500

Unknown
Unknown
Unknown

4 in last 2 years.
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 21
June, 2012
$315,000
Sales Price of house:
109
1120
Above‐grade sq.ft. of home:
21
50
Average Days on Market for
242
subdivision :

Purchase Date:
Age of home:
Total days on
market241:
164
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: none known

239

The case studies that are not from Wheat Ridge, include market data taken from their exact subdivision. Wheat Ridge is not
divided into subdivisions. Thus, a market area that is common to all four case studies from Wheat Ridge is used.
240
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
241
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
242
Information is based on sales that sold in the six months proper to the closing date of the subject property.
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MARKET CONDITIONS AT TIME OF SALE for Case Study 21 :
STABLE
Seasonally, values were extremely stable. Supply and demand were in balance. 30% of all sales were
REO properties, as the market was just starting to recover from heavy foreclosure rates. At this point,
however, the number of sales began to dramatically increase and the days on market were beginning to
decrease. This was nearing the tipping point of when values began to increase.

PHOTOVOLTAIC SYSTEM For Case Study 21
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
3.08 kW
Permit
Date of Permit
April, 2009
Permit
Manufacturer of panels
REC Solar
Permit
Warranty on panels
25 Years
Permit
Manufacturer of Inverter
Fronius
Permit
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Permit, Observation
Tilt
18.4
Observation
Energy Production per panel
220
Permit
Energy Production Estimate (for 1 year)
4487
Permit
Location
Roof
Permit, Observation
Age of panels
3 years
Permit
Inverter type
Wall mount
Permit
Age of Inverter
3 years
Permit
Original gross cost
$20,000
Permit
Azimuth
189
Solmetric Roof Azimuth tool
Listing Agent: The agent thought the system did bring value, and was an “added benefit,”
(secondary to the quality of a recent $75,000 remodel project), but was not sure how much
value it brought.
Buyer’s Agent: Did not provide feedback.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #21
DATA SOURCES
Attempts were made to contact and gather data from all of the following sources. The sources that are
marked with a check are those for which information was successfully obtained for Case Study 21:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Market area Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
21’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis
Subject
Sale Price
Sale Date
Days to Sale
Square Feet
Basement
Other
Photovoltaic
Notable Feature
Other
Year of Construction
Lot Size

Comp 1

$315,000

$305,000

October, 2012

October, 2012

11

22

1120

1075

Full & Finished

Full & Finished

Porch

Porch

Yes

No

Major Remodel

Major Remodel

2 bed/1 bath up
1 bed/1 bath down
2 car Garage
1904

2 bed/1 bath up
1 bed/1 bath down
2 car Garage
1899

11,112 sq.ft.

6,752 sq.ft.

This paired sale indicates a value contribution of $10,000 to the property for the larger lot size and the
PV system. Lot size value differences in this market area are minimal, and therefore, after speaking with
a prominent area listing agent, the conclusion was drawn that the larger lot would contribute “around
$5,000” to the value of these properties. Thus, the PV system contributed a total of $5,000 to the
subject property.
Relying on the agent’s statement of value is a weakness of this paired sale; however, there were no
other paired sales available to corroborate/rebut this agent’s statement. Therefore, the value indication
by the paired sales analysis is given minimal consideration in the reconciliation.
Thus, the following is the most reasonable conclusion:
As of October 2012, a value indication using the Paired Sales Analysis is:
$1,620 per KW
for a 3.08 kW, 3‐year old system with 22 years remaining useful life.
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B. Cost Approach (Using Local Builder Costs)
Current builder costs were extracted using building permit information for the City of Wheat Ridge:
Date of
Permit
10/04/2012
08/29/2012

Address
th

6330 W 30 Ave
th

12226 W 34 Pl

Total
system Cost

kWs

Cost
per kW

$15,840

5.28

$3,000

$17,710

5.06

$3,500

Based on this data and cost data from other markets, a per kW cost of $3,500 is reasonable.
The subject property has a 3.08 kW system, thus:
3.08 kW X $3,500 per kW =

$10,780

Depreciation is based on the system’s actual age (as of October 2012), compared to its useful life:
Straight‐line age/life method
Age of system:
3 years
Useful life:
25 years243
3/25 = 12% depreciated
$10,780 less depreciation

= $9,486

Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$9,500 (rounded). This figure, however, does not include functional obsolescence. To account for
functional obsolescence, the following adjustments are made:
$9,500 less ($1000 X 3.08kW for functional obsolescence) =

$6,500 for a 3.08 kW system

This figure is then used to draw the following conclusion:
As of June 2012, a value indication using the cost approach is:
$2,100 (rounded) per kW
for a 3.08 kW, 3‐ year old system with 22 years remaining useful life.

243

The subject property’s PV system is 3 years old and has a 25 year warranty. Total useful life is based on the life of the
warranty.

C. Income Approach (Using a Gross Rent Multiplier)
An estimated 30% of the properties in this subdivision are rented. Thus, there is ample rental data
available for comparison and a GRM is a reasonable indicator of market value in this subdivision. As per
the GRM chart provided earlier, a GRM for the subject property is 164.
By calculating the subject’s average estimated monthly savings, the GRM can be used to estimate the
value contribution of these savings.
1)
2)
3)
4)

Subject’s yearly energy production is estimated244 at 4487 kWh
Current utility rates are $0.11 per kWh
4487 kWh X $0.11 = $493.57/12 = $41.13 per month
$41.13 X (GRM of 164) = $6,745 (for a 3.08 kW system)

These figures are then reduced to a per kW estimate:
As of June 2012, the value indicated using the income approach is:
$2,190 (rounded) per kW
for a 3.08 kW, 3‐year old system with 22 years remaining of useful life.

Rental income is a factor nearly 30% of potential buyers take into account in this neighborhood. Also,
there is ample rental information available. For this reason, the income approach is given consideration
in the reconciliation of values.

244

The estimated savings rate is based on the probable number of kWh’s the system will generate in a year (per PV Value®) and
using local utility rates.
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E. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 22 years. The system is already three years old, so the remaining
useful life is only 22 years. The applicable specifications for the subject property’s PV system are noted
below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80033

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

3080
0.770
0.5

Basis Points (high)
Basis Points (average)
245
Net Yield Rate (Custom)

300
175
2.72

Tilt
Azimuth

18.4
189

Discount Rate(low)
Discount rate (average)

3.22
4.47

KWh Produced/Year

4487

Discount rate (high)

5.72

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1366.82
25
3
22

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$490.33

Present value estimate of accumulated energy production for remaining 22 years
Low
Average
High

$5,810.50
$6,626.50
$7,597.45

As per the above data, the indicated value by the income approach is between $5,800 and $7,600 (both
figures are rounded) for a 3.08 kW system.
As of October 2012, a value indication using the income approach is:
$1,880 to $2,500 (rounded) per kW
for a 3.08 kW, 3‐year old system with 22 years remaining of useful life.

In this circumstance, this data is considered very relevant. The utility savings are important in this
market area and there was ample data available to develop the income approach. Thus, this value
indication is taken into consideration in the final reconciliation and is a reflection of how this buyer
considered the value contribution of the PV system.

245

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:



The listing agent indicated that the system did bring value to the property and the utility savings
were an added benefit.
The home sold very quickly.

In this circumstance, the income of the PV system played a role in the price of the home and the income
was given the most consideration.

Reconciliation of Each Value Indication:
Paired Sales Analysis
$1,620 per kW

Cost Approach
$2,100 per kW

Income Approach
$2,190 per kW (GRM)
$2,070 to $2,440 per kW (PV Value)

The paired sales analysis has weak data, and therefore, the only indicator taken from the paired sales
analysis is that the PV system has a positive value.
The cost approach has good data and is reflective of actual local builder costs and the market’s reaction
to those costs.
The income approach provides two value indicators, both of which are consistent with one another.
Thus, the value indicators from the income approach are relevant and are given the greatest
consideration in the reconciliation of values.

As of October 2012, the value is:
$2,070 to $2,190 per kW
for a 3.08 kW, 3‐year old system with 22 years remaining of
useful life and with a location in Wheat Ridge, market area
“A”
Marketing time was 11 days: 39 days less than the market average of 50 days.
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Denver, Subdivision “A”: Case Study 22
Subdivision location:

Denver, Co

SUBDIVISION A
Price range of homes sold246 in
market area:

Number of detached
homes in subdivision:
Percentage of
Rentals:
Quality of
Construction:

3063

Age range of homes:

Number of homes
sold in 6 months247:
Number of PV
permits:
Range of kWs
installed:
Median kW amount
installed:

138

11%

Gross Rent Multiplier chart for
market area:
Average to Excellent Type of homes:

Unknown
Unknown
Unknown

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

$150,000 to $1,127,803
Median: $424,450
Model: to many to be
relevant
2002 to 2011
One similar rental was found
with a GRM of 163.
New urbanism development.
Charming homes with a
variety of architectural
details
1185‐4500
Unknown
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 22
October, 2011
$324,900
Purchase Date:
Sales Price of house:
11
years
1451
Age of home:
Above‐grade sq.ft. of home:
63
76
Total days on
Average Days on Market for
248
249
market :
subdivision :
163
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: Green‐built

MARKET CONDITIONS AT TIME OF SALE for Case Study 22 :
STABLE
The median sale price was seasonally stable from the year prior. The number of sales and the number of
days on market were down slightly from six months prior. Supply and demand were in balance.

246

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
248
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
249
Information is based on sales that sold in the six months proper to the closing date of the subject property.
247

PHOTOVOLTAIC SYSTEM For Case Study 22
Details of the subject’s
PV system:

Real Estate Agent
comments:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
2.8
MLS listing
Date of Permit
Nov, 2006
Permit
Manufacturer of panels
Mitsubishi
Permit
Warranty on panels
25 Years
(assumed)
Manufacturer of Inverter
Fronius
Permit
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation
Tilt
22.60
Observation
Energy Production per panel
(unknown)
Energy Production Estimate (for 1 year)
4271
(assumed)
Location
Roof
Observation
Age of panels
5 years
Permit
Inverter type
Wall mount
(assumed)
Age of Inverter
5 years
(assumed)
Original gross cost
(unknown)
Azimuth
171
Solmetric Roof Azimuth tool
Listing Agent: The buyers were extremely interested in the system and worked at length with
the original installer to understand the economic benefits of the system. Other prospective
buyers asked a lot of questions about maintenance, the agreement with Xcel and how the
systems work. These specific buyers were extremely interested in the long‐term financial
savings and the overall environmental impact. Property took a long time to sell because
potential buyers did not understand the system. The PV system did add value. Education of the
buyer is key.
Buyer’s Agent: The PV system was a huge selling point. These buyers were very interested in
green features. The PV was the reason they bought the house. Saving on utility costs was
extremely important to them.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #22
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 22:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data
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APPRAISAL METHODS
The appraisal methods noted below were used to help determine the contribution value (if any) of Case
Study 22’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis250
Sale Price
Sale Date
Days to Sale
Square Feet
Photovoltaic
Basement

Subject

Comp 1

$324,900

$324,500

Comp 2
$323,500

October, 2011

August, 2011

May, 2011

63

191

5

1451

1451

1451

Yes

No

No

Full
Unfinished

Full
Finished

Full
Finished

All three properties are the exact same model of home. The subject property does not have a finished
basement, yet Comp 1 and Comp 2 both have 600 sqft, finished basements. Thus, the value of the
subject’s PV system is the same as a 600 sqft, finished basement. Basement finish in this market area
(for this type of home) is worth approximately $12 per square foot, for an estimated value contribution
of $7,200 for a 2.8kW PV system ($2,570 per kW).
Thus, the following is the most reasonable conclusion:
As of October 2011, a value indication using the Paired Sales Analysis is:
$2,570 per kW
for a 2.8 kW, 5‐year old system with 20 years remaining useful life.

250

Similar features of these two properties include a similar year of construction, style, lot size, view, location and quality of
construction.

B. Cost Approach (Using Local Builder Costs)
Based on the way the permits are kept and filed for Denver County, it was not possible to use permit
data from Denver to determine the replacement cost of the PV system for the subject property. Thus,
cost data is used from the city of Wheat Ridge (since costs are the same, regardless of the county):
Date of
Permit
10/14/2011

Address
2655 Quay St
th

Total
system Cost

kWs

Cost
per kW

$15,000

4.14

$3,623

09/01/2011

7101 W 48 Ave

$14,800

4.23

$3,498

08/23/2011

4301 Newcombe St

$30,000

10.0

$3,000

Based on the above permit data, a reasonable current cost estimate for a PV system in this area is
$3,500 per kW.
The subject property has what is assumed to be a 2.8 kW system, therefore, the following calculations
can be made:
2.8 kW X $3,500

=$9,800

Depreciation is based on the system’s actual age (as of November, 2011), compared to its useful life:
Straight‐line age/life method
Age of system:
5 years
Useful life:
25 years251
5/25 = 20% depreciated
$9,800 less depreciation

= $7,840

Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$7,840. This, however, does not take into consideration functional obsolescence. Functional
obsolescence is accounted for below:
$7,840 less ($1000 X 2.8kW for functional obsolescence)

= $5,040 for a 2.8 kW system

As of October 2011, a value indication using the cost approach is:
$1,800 (rounded) per kW
for a 2.80 kW, 5‐year old system with 20 years remaining useful life.

251

The subject property’s PV system is 5 years and is assumed to have a 25 year warranty. Total useful life is based on the life of
the warranty. If the estimated warranty period is incorrect, this could alter the conclusions and opinions reached in this report.
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This is given consideration in the reconciliation. The available cost data is adequate and representative
of the immediate market area.

C. Income Approach (Using a Gross Rent Multiplier)
The GRM for a like‐quality house is 163.
By calculating the subject’s average estimated monthly savings, the GRM can be used to estimate the
value contribution of these savings.
1)
2)
3)
4)

Subject’s yearly energy production is estimated252 at 4271 kWh
Utility rates were $0.11
4271 kWh X $0.11 = $468.81/12 = $39.15 per month
$39.15 X (GRM of 163) = $6,381 (for a 2.80 kW system)

These figures are then reduced to a per kW estimate:
As of October 2011, the value indicated using the income approach is:
$2,280 (rounded) per kW
for a 3.08 kW, 5 year old system with 20 years remaining of useful life.

The GRM is a reflection of income in this market area. The data noted above is reliable and
representative of the subject property, and therefore, the value indicator is given consideration in the
reconciliation.

252

The estimated savings rate is based on the probable number of kWh’s the system will generate in a year (per PV Value®) and
using local utility rates.

D. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 20 years. The system is already five years old, so the remaining useful
life is only 20 years. The applicable specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80238

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

2800
0.770
0.5

Basis Points (high)
Basis Points (average)
253
Net Yield Rate (Custom)

300
175
4.34

Tilt
Azimuth

22.6
171

Discount Rate(low)
Discount rate (average)

4.84
6.09

KWh Produced/Year

4271

Discount rate (high)

7.34

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1162.72
25
5
20

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$461.88

Present value estimate of accumulated energy production for remaining 20 years
Low
Average
High

$4,513.87
$5,059.20
$5,694.82

As per the above data, the indicated value by the income approach is between $4,500 and $5,700 (both
figures are rounded) for a 2.80 kW system.
As of October 2011, a value indication using the income approach is:
$1,500 to $2,040 (rounded) per kW
for a 3.08 kW, 5‐year old system with 20 years remaining of useful life.

The income data is reliable and based on a complete set of specifications. Therefore, the income
approach is relevant and applicable for this market area.

253

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:



The listing agent and the buyer’s agent both stated that the PV system was of extreme
importance to these buyers.
The buyers were very interested in the utility savings, and as a result, the financial aspects of the
system were very important to them.

In this circumstance, the buyers were very knowledgeable and were very willing to pay for the present
value of future energy benefits for the property.

Reconciliation of Each Value Indication:
Paired Sales Analysis
$2,570 per kW

Cost Approach
$1,800 per kW

Income Approach
$2,280 per kW (GRM)
$1,500 to $2,040 per kW (PV Value)

The paired sales analysis was conclusive. Combined with the selling agent’s comments, it was confirmed
that the PV system did add value to the property.
The cost approach falls slightly at the low end of the value range; however, it is given some
consideration since the data used to produce the cost approach was current and relevant.
The income approach to value is given the greatest consideration. The income approach data has two
indicators, both of which have reliable data sources.
Given that this buyer’s greatest motivation was income, the income approach is given the most
consideration, followed by the paired sales analysis and the cost approach.
In conclusion, the final value estimate is:

As of October 2011, the value is:
$1,800 to $2,280 per kW
for a 2.8 kW, 5‐year old system with 20 years remaining of
useful life and with a location in Denver, Co, Subdivision “A”
Marketing time was longer for this property. The agent stated that, at this time, PV
systems were relatively new and buyers were leery of them (until they learned about
them). PV had a negative impact on marketing time.

Denver, Subdivision “A”: Case Study 23
Subdivision location:

Denver, Co

SUBDIVISION A
Price range of homes sold254 in
market area:

Number of detached
homes in subdivision:
Percentage of
Rentals:
Quality of
Construction:

3063

Age range of homes:

11%

No relevant data was found.

Number of homes
sold in 6 months255:
Number of PV
permits:
Range of kWs
installed:
Median kW amount
installed:

99

New urbanism development.
Charming homes with a
variety of architectural
details
1185‐4500

Gross Rent Multiplier chart for
market area:
Average to Excellent Type of homes:

Unknown
Unknown
Unknown

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

$270,000 to $940,000
Median: $460,000
Model: to many to be
relevant
2002 to 2011

Unknown
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 23
January, 2013
$520,000
Purchase Date:
Sales Price of house:
2
years
2484
Age of home:
Above‐grade sq.ft. of home:
78
47
Total days on
Average Days on Market for
256
257
market :
subdivision :
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: HERS 43

MARKET CONDITIONS AT TIME OF SALE for Case Study 23 :
INCREASING
Values increased 1% per month for the last six months. The days on market decreased to only 47 days
and the sale‐to‐list price ratio increased to 99%. Inventory was very low and demand was high.

254

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
256
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
257
Information is based on sales that sold in the six months proper to the closing date of the subject property.
255
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PHOTOVOLTAIC SYSTEM For Case Study 22
Details of the subject’s
PV system:

Real Estate Agent
comments:
NOTE:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
3.0
MLS listing
Date of Permit
June, 2011
Permit
Manufacturer of panels
(unknown)
Warranty on panels
25 Years
(assumed)
Manufacturer of Inverter
(unknown)
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation
Tilt
45
Observation
Energy Production per panel
(unknown)
Energy Production Estimate (for 1 year)
4576
PV Value ®
Location
Roof
Observation
Age of panels
2 years
Permit
Inverter type
Wall mount
(assumed)
Age of Inverter
2 years
(assumed)
Original gross cost
(unknown)
Azimuth
171
Solmetric Roof Azimuth tool
Listing Agent: In this area, people take the PV system for granted (they are an expected feature
at this point). Buyers like the money saving aspect of the systems. It adds minimal value, but
does attract buyers.
Buyer’s Agent: Did not provide feedback.
As noted earlier, most permit data for Denver County is extremely limited, with many details
unrecorded. This builder is the same builder who installed PV on the homes in the
Westminster subdivisions used earlier in this report.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #23
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 23:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit (minimal information available)
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
23’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis
Sale Price
Sale Date
Days to Sale
Square Feet
Photovoltaic
Basement

Comp 1

Comp 2

Comp 3

$324,900

$324,500

$323,500

October, 2011

August, 2011

May, 2011

63

191

5

1451

1451

1451

Yes

No

No

Full
Unfinished

Full
Finished

Full
Finished

This is the same paired sales analysis that is used in Case Study 22. Case Study 22 and this case study are
in the same identical market area. This paired sale is for a lower‐valued home. However, as noted earlier
in this study, the value of a PV system relates to the market area and the specifications of the PV system
itself. Value of a PV system does not vary based on the value of the home it is installed.
This was the only reasonable pair found. All three sales were for the same exact model of home. Comp 1
does not have a finished basement, yet Comp 2 and Comp 3 both have 600 sq.ft., finished basements.
Thus, the value of the subject’s PV system is the same as a 600 sq.ft., finished basement. Basement
finish in this market area (for this type of home) is worth approximately $12 per square foot; for an
estimated value contribution of $7,200, or $2,570 per kW.

As of January 2013, a value indication using the Paired Sales Analysis is:
$2,570 per kW.
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B. Cost Approach (Using Local Builder Costs)
Based on the way the permits are kept and filed for Denver County, it was not possible to use permit
data from Denver to determine the replacement cost of the PV system for the subject property. Thus,
cost data is used from the city of Wheat Ridge (since costs are the same, regardless of the county):
Date of
Permit

Address

Total
system Cost

KW's

Cost
per KW

06/21/2012

4355 Newland St

$18,238

6.5

$2,805

07/12/2012

10 Morningside

$18,720

6.24

$3,000

05/07/2012

4265 Dudley St

$31,387

6.75

$4,649

02/15/2012

4455 Yarrow St

$30,000

7.58

$3,957

Based on the above permit data, a reasonable current cost estimate for a PV system in this area is
$3,500 per kW.
The subject property has what is assumed to be a 3.0 kW system, therefore, the following calculations
can be made:
3.0 kW X $3,500

=$10,500

Depreciation is based on the system’s actual age (as of January, 2013), compared to its useful life:
Straight‐line age/life method
Age of system:
2 years
Useful life:
25 years258
2/25 = 8% depreciated
$10,500 less depreciation

= $9,660

Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$9,660. This, however, does not take into account functional obsolescence. Therefore, the following
adjustment is made to account for functional obsolescence:
$9,660 less ($1000 X 3.0kW for functional obsolescence) =

$6,700 (rounded)

As of January 2013, a value indication using the cost approach is:
$2,200 (rounded) per kW
for a 3.0 kW, 2‐year old system with 23 years remaining useful life.

258

The subject property’s PV system is 2 years and is assumed to have a 25 year warranty. Total useful life is based on the life of
the warranty. If the estimated warranty period is incorrect, this could alter the conclusions and opinions reached in this report.

This is given consideration in the reconciliation. PV systems are expected in this area and thus, cost is
relevant to the market.

D. Income Approach (Using PV Value)
The PV Value tool was used to determine the present value of the energy that will be produced by the
subject’s PV system over the next 23 years. The system is already two years old, so the remaining useful
life is only 23 years. The applicable specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80238

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

3000
0.770
0.5

Basis Points (high)
Basis Points (Average)
259
Net Yield Rate (Custom)

300
175
3.70

Tilt
Azimuth

45
171

Discount Rate(low)
Discount rate (average)

4.20
5.55

KWh Produced/Year

4576

Discount rate (high)

6.70

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1128.70
25
2
23

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$502.52

Present value estimate of accumulated energy production for remaining 23 years
Low
Average
High

$5,826.52
$6,607.46
$7,538.53

As per the above data, the indicated value by the income approach is between $5,800 and $7,500 (both
figures are rounded) for a 3.0 kW system.
As of January 2013, a value indication using the income approach is:
$1,900 to $2,500 (rounded) per kW
for a 3.00 kW, 2‐year old system with 23 years remaining of useful life.

PV systems are expected in this market area and utility savings are important to area buyers. Thus, the
income approach is considered to be very relevant to the subject property. The data used to develop the
income approach is sufficient to produce a reliable value indication.

259

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:



PV systems are expected in this market area.
These buyers are very interested in monthly utility savings.

In this circumstance, buyers in this area are knowledgeable about the income value of PV systems and
expect these homes to have PV systems.

Reconciliation of Each Value Indication:
Paired Sales Analysis
$2,570 per kW

Cost Approach
$2,200 per kW

Income Approach
$1,900 to $2,500 per kW (PV Value)

The paired sales analysis had considerable adjustments and, therefore, while applicable, was given the
least amount of consideration. The paired sales analysis falls outside the value range indicated by the
other approaches.
The cost approach is also applicable. The data used to develop the cost approach was based on a
different area; however, the data was still considered to be relevant and reflective of actual local costs.
The income approach to value is given consideration. The data is adequate and reflective of buyers’
actions in this market area.
The income approach is given the most consideration, followed by the cost approach and, finally, the
paired sales analysis.
In conclusion, the final value estimate is:

As of January 2013, the value is:
$1,900 to $2,500 per kW
for a 3.0 kW, 2‐year old system with 23 years remaining of
useful life and with a location in Denver, Co, Subdivision “A”
Marketing time was normal. Properties are expected to have PV systems. Only those
without PV systems experience adverse marketing conditions.

Denver, Subdivision “A”: Case Study 24
Subdivision location:

Denver, Co

SUBDIVISION A
Price range of homes sold260 in
market area:

Number of detached
homes in subdivision:
Percentage of
Rentals:
Quality of
Construction:

3063

Age range of homes:

Number of homes
sold in 6 months261:
Number of PV
permits:
Range of kWs
installed:
Median kW amount
installed:

102

11%

Gross Rent Multiplier chart for
market area:
Average to Excellent Type of homes:

Unknown
Unknown
Unknown

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

$270,000 to $850,000
Median: $424,500
Model: to many to be
relevant
2002 to 2011
No relevant rental data was
found.
New urbanism development.
Charming homes with a
variety of architectural
details
1185‐4500
Unknown
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 24
April, 2012
$485,000
Purchase Date:
Sales Price of house:
3
years
2282
Age of home:
Above‐grade sq.ft. of home:
16
77
Total days on
Average Days on Market for
262
263
market :
subdivision :
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: Energy efficient home (details not known)

MARKET CONDITIONS AT TIME OF SALE for Case Study 24 :
STABLE
The median sale price was perfectly stable from the six months prior. Number of days on market was
stable, as were the absorption rates and sale‐to‐list price ratios.

260

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
262
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
263
Information is based on sales that sold in the six months proper to the closing date of the subject property.
261
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PHOTOVOLTAIC SYSTEM For Case Study 24
Details of the subject’s
PV system:

Real Estate Agent
comments:

NOTE:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
3.0
(assumed)
Date of Permit
July, 2009
Permit
Manufacturer of panels
(unknown)
Warranty on panels
25 Years
(assumed)
Manufacturer of Inverter
(unknown)
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation
Tilt
45
Observation
Energy Production per panel
(unknown)
Energy Production Estimate (for 1 year)
4569
PV Value
Location
Roof
Observation
Age of panels
3 years
Permit
Inverter type
Wall mount
(assumed)
Age of Inverter
3 years
(assumed)
Original gross cost
(unknown)
Azimuth
180
Solmetric Roof Azimuth tool
Listing Agent: In this area, people take the PV system for granted (they are an expected feature
at this point). Buyers like the money saving aspect of the system. It adds minimal value, but
does attract buyers. This agent was the same agent as for Case Study #22
Buyer’s Agent: PV was a “nice perk.” The buyers were “excited” about it. Buyer’s agent was not
sure if it contributed a dollar figure to the value or not. Buyers would have bought the house
anyway (even without PV).
As noted earlier, most permit data for Denver County is extremely limited, with many details
unrecorded. This builder is the same builder who installed PV on the homes in the Westminster
case studies used earlier in this report. Attempts were made to contact the installer (to obtain
additional information), to no avail.

DEVELOPING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #24
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 24:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit (minimal information available)
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
24’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Paired Sales Analysis
Sale Price
Sale Date
Days to Sale
Square Feet
Photovoltaic
Basement

Comp 1

Comp 2

Comp 3

$324,900

$324,500

$323,500

October, 2011

August, 2011

May, 2011

63

191

5

1451

1451

1451

Yes

No

No

Full
Unfinished

Full
Finished

Full
Finished

Again, this is the same paired sale used for Case Study 22 and Case Study 24. The subject property is
located in the same immediate subdivision as the paired sales properties. This was the only reasonable
pair found. All three sales are the same exact model of home. Comp 1 does not have a finished
basement, yet Comp 2 and Comp 3 both have 600 sq.ft., finished basements. Thus, the value of the
subject’s PV system is the same as a 600 sq.ft., finished basement. Basement finish in this market area
(for this type of home) is worth approximately $12 per square foot; for an estimated value contribution
of $7,200, or $2,570 per kW.
.
As of April 2012, a value indication using the Paired Sales Analysis is:
$2,570 per kW.
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B. Cost Approach (Using Local Builder Costs)
Based on the way the permits are kept and filed for Denver County, it was not possible to use permit
data from Denver to determine the replacement cost of the PV system for the subject property. Thus,
cost data is used from the city of Wheat Ridge (since costs are the same, regardless of the county):
Date of
Permit

Address

Total
system Cost

kWs

Cost
per kW

06/21/2012

4355 Newland St

$18,238

6.5

$2,805

07/12/2012

10 Morningside

$18,720

6.24

$3,000

05/07/2012

4265 Dudley St

$31,387

6.75

$4,649

02/15/2012

4455 Yarrow St

$30,000

7.58

$3,957

Based on the above permit data, a reasonable current cost estimate for a PV system in this area is
$3,500 per kW.
The subject property has what is assumed to be a 3.0 kW system; therefore, the following calculations
can be made:
3.0 kW X $3,500

=$10,500

Depreciation is based on the system’s actual age (as of January, 2013), compared to its useful life:
Straight‐line age/life method
Age of system:
3 years
Useful life:
25 years264
3/25 = 12% depreciated
$10,500 less depreciation

= $9,240

Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$9,240. This figure, however, does not take into consideration functional obsolescence. Adjusting for
functional obsolescence results in the following value indication:
$9,420 less ($1000 X 3.0kW for functional obsolescence) =

$6,420 total value

As of April 2012, a value indication using the cost approach is:
$2,140 (rounded) per kW
for a 3.0 kW, 3‐year old system with 22 years remaining useful life.

264

The subject property’s PV system is 3 years and is assumed to have a 25 year warranty. Total useful life is based on the life of
the warranty. If the estimated warranty period is incorrect, this could alter the conclusions and opinions reached in this report.

This data has weak support. Since so many assumptions had to be made about the system (including the
system size), the value indication by the cost approach is minimally reliable.

C. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 22 years. The system is already three years old, so the remaining
useful life is only 21 years. The applicable specifications for the subject property’s PV system are noted
below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80238

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

3000
0.770
0.5

Basis Points (high)
Basis Points (average)
265
Net Yield Rate (Custom)

300
175
4.21

Tilt
Azimuth

45
180

Discount Rate(low)
Discount rate (average)

4.71
5.96

KWh Produced/Year

4569

Discount rate (high)

7.21

*Note: XXXX = User Input

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.89

Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1123.26
25
3
22

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$499.28

Present value estimate of accumulated energy production for remaining 22 years
Low
Average
High

$5,360.38
$6,041.03
$6,845.19

As per the above data, the indicated value by the income approach is between $5,400 and $6,800 (both
figures are rounded) for a 3.0 kW system.
As of April 2012, a value indication using the income approach is:
$1,800 to $2,270 (rounded) per kW
for a 3.00 kW, 3 year old system with 22 years remaining of useful life.

As noted earlier, because the size of the PV system is not 100% verifiable, this data is considered
questionable, therefore, the value indication is weakly supported.

265

Interest rate is from Interest Rate Chart contained in the addenda.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:



PV systems are expected in this market area.
These buyers weree very interested in monthly utility savings and were “excited” to have a PV
system.

Buyers in this area are knowledgeable about the income value of PV systems and expect these homes to
have PV systems.

Reconciliation of Each Value Indication:
Paired Sales Analysis
$2,570 per kW

Cost Approach
$2,140 per kW

Income Approach
$1,800 to $2,270 per kW (PV Value)

The paired sales analysis was conclusive. This was the only verified, supported data available, and
therefore, the value indication from the paired sales analysis is given full consideration in the
reconciliation.
It was necessary to make assumptions regarding the exact size of the subject’s PV system, therefore, the
value indicators from the cost approach and the income approach are not reliable.
In conclusion, the final value estimate is:

As of April 2012, the value is:
$2,570 per kW
for a 3.0 kW, 3‐year old system with 22 years remaining of
useful life and with a location in Denver, Co, Subdivision “A”
Marketing time was 16 days: 61 days faster than the market average. Listing agent stated
that PV was expected on these homes and thus, only homes without PV suffered longer
marketing times.

Given the scarcity of verifiable and reliable data, this case study is considered to be minimally relevant
to the overall study.

Denver, Subdivision “B”: Case Study 25
Denver, Co

SUBDIVISION B
Price range of homes sold266 in
market area:

Number of
detached homes in
subdivision:
Percentage of
Rentals:

3019

Age range of homes:

26%

Gross Rent Multiplier chart for
market area:

$150,000 to $1,175,000
Median: $285,000
Model: to many to be relevant
1885 to 2012 (median: 1930)

Sales Price

Subdivision
location:

400000
350000
300000
250000
160 170 180 190
GRM

Quality of
Construction:
Number of homes
sold in 6 months267:
Number of PV
permits:
Range of kWs
installed:
Median kW amount
installed:

Purchase Date:
Age of home:
77

Average to
Excellent

Type of homes:

Urban. Turn of the century homes.
University area.

169

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

451‐3800

Unknown
Unknown
Unknown

Unknown
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 25
November, 2012
$349,150
Sales Price of house:
72
1068
Above‐grade sq.ft. of home:
51
46
Average Days on Market for
subdivision268:

180
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: None known

MARKET CONDITIONS AT TIME OF SALE for Case Study 25 :
STABLE
This property was sold right at the tipping point; values were still stable but just hinting at the increasing
values that were to come.
266

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
268
Information is based on sales that sold in the six months proper to the closing date of the subject property.
267
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PHOTOVOLTAIC SYSTEM For Case Study 25
Details of the subject’s
PV system:

Real Estate Agent
comments:

NOTE:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
(unknown)
Date of Permit
(unknown)
Manufacturer of panels
(unknown)
Warranty on panels
25 Years
(assumed)
Manufacturer of Inverter
(unknown)
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation
Tilt
22.6
Observation
Energy Production per panel
(unknown)
Energy Production Estimate (for 1 year)
(unknown)
Location
Roof
Observation
Age of panels
(unknown)
Inverter type
Wall mount
(assumed)
Age of Inverter
(assumed)
Original gross cost
(unknown)
Azimuth
192
Solmetric Roof Azimuth tool
Listing Agent: Some potential buyers liked the PV, and some perceived it as a hassle. The
market currently does not know enough about the systems. The buyers of this property were
“all about saving energy” and the PV sold the home. It was very important to marketing. It
added value, but the listing agent is not sure how much.
Buyer’s Agent: Did not provide any feedback.
As noted earlier, most permit data for Denver County is extremely limited, with many details
unrecorded. The permit from Nov. 18, 2012 (after the house was purchased) only referenced
that the panels had to be removed to replace the roof. The panels were then reinstalled.

DETERMINING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #25
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 25:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
25’s PV system:

Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

Because details regarding the subject’s PV system are not available, it was not possible to use the
applicable GRM of 180 nor was it possible to use the PV Value tool. Thus, no indicators were available to
determine the possible value contribution of the subject’s PV systems.

Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:




While the listing agent indicated that these buyers loved the PV system and she felt it added
value, it was not possible to quantify that value.
There is a lack of data to make a reliable and supportable conclusion of value.
There was no reliable way to verify the various specifications of this PV system. Without
specifications, the GRM and PV Value tool cannot be reasonably utilized.

As of November 2012, the value is:
Most Likely a Positive Value of Unknown amount
for system of unknown size and age and with a location in
Denver, Co, Subdivision “A”
The agent felt the PV increased the marketability of the home.
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Denver, Subdivision “C”: Case Study 26
Subdivision location:

Denver, Co

SUBDIVISION C
Price range of homes sold269 in
market area:

Number of detached
homes in subdivision:

936

Age range of homes:

Percentage of
Rentals:
Quality of
Construction:

15%

Gross Rent Multiplier chart for
market area:
Type of homes:

Number of homes
sold in 6 months270:
Number of PV
permits:
Range of kWs
installed:
Median kW amount
installed:

23

Fair to Good

Unknown
Unknown
Unknown

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

$146,320 to $399,000
Median: $217,000
Model: no mode
1951 to 1956 (with 22 homes
built in the 1980s, of which
the subject property is one)
No relevant rental data was
found.
Contemporary California
Ranch‐style homes built in
the 1950s.
792‐2300
Unknown
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 26
May, 2011
$266,000
Purchase Date:
Sales Price of house:
28
years
1435
Age of home:
Above‐grade sq.ft. of home:
52
89
Total days on
Average Days on Market for
271
272
market :
subdivision :
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: None noted

MARKET CONDITIONS AT TIME OF SALE for Case Study 26 :
STABLE
The market was just barely stable (it had been declining up until a few months prior to this sale date).

269

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
271
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
272
Information is based on sales that sold in the six months proper to the closing date of the subject property.
270

PHOTOVOLTAIC SYSTEM For Case Study 26
Details of the subject’s
PV system:

Real Estate Agent
comments:

NOTE:

Category
Ownership
kW
Date of Permit

Details
Owned
August,
2007

Source
Listing Agent
(unknown)
Permit

Manufacturer of panels
(unknown)
Warranty on panels
25 Years
(assumed)
Manufacturer of Inverter
(unknown)
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation
Tilt
30.26
Observation
Energy Production per panel
(unknown)
Energy Production Estimate (for 1 year)
(not able to calculate)
Location
Roof
Observation
Age of panels
4 years
Permit
Inverter type
Wall mount
(assumed)
Age of Inverter
4 years
(assumed)
Original gross cost
(unknown)
Azimuth
176
Solmetric Roof Azimuth tool
Listing Agent: People liked the idea of PV and were interested in the savings, once it was
explained to them. Buyers were scared of the system and were worried about maintenance
costs and upkeep. This system reduced the utility bills significantly. It did not impact the
marketability of the home. It did not add or subtract from value. There were no comps to
support a value. The maintenance was the biggest perceived obstacle that had to be overcome
(people thought the system would be a lot of work).
Buyer’s Agent: Did not provide feedback.
As noted earlier, most permit data for Denver County is extremely limited, with many details
unrecorded. This builder is the same builder who installed PV on homes in the Westminster
case studies used earlier in this report.

DETERMINING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #26
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 26:
Listing Agent
Selling Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit (minimal information available)
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data
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APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
26’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

Like Case Study 25, details regarding the subject’s PV system are not available; therefore, it was not
possible to use the PV Value tool, or a GRM. Additionally, since the size of the system was not known,
the cost approach could not be developed.
From the agent’s comments, the income of the system did matter to the buyers. However, without the
exact specifications of the PV system, it is not possible to use the income approach or the cost approach
to develop an opinion of market value.

As of May 2011, the value is:
Not able to be developed (too many details about the
specifications of the PV system were not able to be located)
for a system of unknown size and unknown age in an infill
subdivision located in Denver, Co, Subdivision “C”
The PV system did not help marketability.

This property is utilized as a case study because it met the initial qualification criteria to be selected as a
case study. After further investigation, the conclusion that this case study offered no relevant
information. The property, however, was still retained to enhance the overall integrity of this entire
study (the 30 case studies are truly a random representation of the market area). It is to be expected
that when a random sample is chosen, a few of the chosen case studies will prove to contribute little to
the overall study.
Regardless, this case study demonstrates that it is necessary for appraisers to fully investigate the value
of homes that have PV systems, since not all data is created equal and not all properties have enough
market data to develop a reliable opinion of the contributory value of the PV system.

Denver, Market Area “D”: Case Study 27
Subdivision location:

Denver, Co

SUBDIVISION D
Price range of homes sold273 in
market area:

Number of detached
homes in subdivision:
Percentage of
Rentals:

Over 3000

Age range of homes:

11%

Gross Rent Multiplier chart for
market area:

Quality of
Construction:

Fair to Very Good

Type of homes:

Number of homes
sold in 6 months274:
Number of PV
permits:
Range of kWs
installed:
Median kW amount
installed:

133

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

Unknown
Unknown
Unknown

$102,400 to $568,000
Median: $252,850
Mode: to many to be
relevant
1947 to 2009
Not enough relevant rental
data was found (what was
found was inconsistent).
Post World‐War II area with
many 1950’s ranch style
homes in an urban location.
Regeneration is evident in
some parts
802‐4700
Unknown
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 27
August, 2012
$332,900
Sales Price of house:
9 years
1528
Above‐grade sq.ft. of home:
5
56
Average Days on Market for
276
subdivision :

Purchase Date:
Age of home:
Total days on
market275:
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: Energy efficient home (was a major selling point)

MARKET CONDITIONS AT TIME OF SALE for Case Study 27 :
STABLE
The median sale price was seasonally perfectly stable from a year ago. Number of days on market was
stable, as were the absorption rates and sale‐to‐list price ratios.

273

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
275
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
276
Information is based on sales that sold in the six months proper to the closing date of the subject property.
274
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PHOTOVOLTAIC SYSTEM For Case Study 27
Details of the subject’s
PV system:

Real Estate Agent
comments:

NOTE:

Category
Ownership
kW
Date of Permit

Details
Owned
4.2

Source
Homeowner
(assumed)
(unknown/estimated 5 years
ago per homeowner)
Manufacturer of panels
Sharp
Homeowner
Warranty on panels
20 Years
(assumed)
Manufacturer of Inverter
Fronius
Homeowner
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation
Tilt
26.5
Observation
Energy Production per panel
(unknown)
Energy Production Estimate (for 1 year)
PV Value
Location
Roof
Observation
Age of panels
5 years
(estimated per homeowner)
Inverter type
Wall mount
(assumed)
Age of Inverter
5 years
(estimated)
Original gross cost
(unknown)
Azimuth
193
Solmetric Roof Azimuth tool
Listing Agent: Buyers did not provide specific feedback to the agent on the PV system. Rather,
the entire energy efficiency of the home was a plus.
Buyer’s Agent: No feedback given.
Homeowner: The entire home was energy efficient, so one feature alone did not stand out: the
buyer liked all the energy efficient features as a package. Nearly 100% of the electric bills were
covered by the PV system. The energy efficiency did decrease marketing time and did increase
the sale price.
As noted earlier, most permit data for Denver County is extremely limited, with many details
unrecorded. The homeowner was able to provide some additional information.

DETERMINING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #27
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 27:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit (minimal information available)
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to help determine the contribution value (if any) of Case
Study 27’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

A. Cost Approach (Using Local Builder Costs)
Based on the way the permits are kept and filed for Denver County, it was not possible to use permit
data from Denver to determine the replacement cost of the PV system for the subject property. Thus,
cost data is used from the city of Wheat Ridge (since costs are the same, regardless of the county):
Date of
Permit

Address

Total
system Cost

kWs

Cost
per kW

06/21/2012

4355 Newland St

$18,238

6.5

$2,805

07/12/2012

10 Morningside

$18,720

6.24

$3,000

05/07/2012

4265 Dudley St

$31,387

6.75

$4,649

02/15/2012

4455 Yarrow St

$30,000

7.58

$3,957

Based on the above permit data, a reasonable current cost estimate for a PV system in this area is
$3,500 per kW.
The subject property has what is reported to be a 4.2 kW system; therefore, the following calculations
can be made:
4.2 kW X $3,500

=$14,700

Depreciation is based on the system’s actual age (as of August, 2012), compared to its useful life:
Straight‐line age/life method
Age of system:
5 years
Useful life:
20 years277
5/20 = 25% depreciated

277

The subject property’s PV system is 5 years and is assumed to have a 20 year warranty. Total useful life is based on the life of
the warranty. The actual life is estimated. If this is incorrect, this could alter the conclusions and opinions reached in this
report.
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$14,700 less depreciation

= $11,000 (rounded)

Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$9,240. This does not take into account the functional obsolescence. With functional obsolescence
considered, the following figures are developed:
$11,000 less ($1000 X 4.2kW for functional obsolescence)

= $6,800 total value

As of August 2012, a value indication using the cost approach is:
$1,620 (rounded) per kW
for a 4.2 kW, 5‐year old system with 15 years remaining useful life.

The cost data is reflective of the exact market area in which the subject property is located in and thus,
provides a good indicator of market value.

B. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 15 years. The system is assumed to be five years old, so the remaining
useful life is only 15 years. The applicable specifications for the subject property’s PV system are noted
below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80224

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

4200
0.770
0.5

Basis Points (high)
Basis Points (average)
278
Net Yield Rate (Custom)

300
175
3.89

Tilt
Azimuth

26.5
193

Discount Rate(low)
Discount rate (average)

4.39
5.64

KWh Produced/Year

6402

Discount rate (high)

6.89

*Note: XXXX = User Input

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

2.44

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$692.41

278

Interest rate is from Interest Rate Chart contained in the addenda.

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)
Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1922.45
20
5
15

Present value estimate of accumulated energy production for remaining 15 years
Low
Average
High

$5,277.15
$5,787.47
$6,359.37

As per the above data, the indicated value by the income approach is between $5,300 and $6,400 (both
figures are rounded) for a 4.2 kW system.
As of August 2012, a value indication using the income approach is:
$1,260 to $1,520 (rounded)
per kW for a 4.20 kW, 5‐year old system with 15 years remaining of useful life.

This value indication has weak market support. Several of the important specifications about the system
were assumed and therefore, the reliability of this value indicator is greatly diminished.

Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:



This buyer very much took the utility savings into consideration.
The home sold extremely quickly and for top value because of the energy efficient features.

This buyer was knowledgeable about the income value (and was aware of the size of the system).

Reconciliation of Each Value Indication:
Paired Sales Analysis
n/a

Cost Approach
$1,620 per kW

Income Approach
$1,260 to $1,520 per kW (PV Value)

An adequate paired sale was not available.
The only reliable value indicator is the one generated by using the cost approach. The value indicator of
the cost approach is $1,620 per kW.
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As of August 2012, the value is:
$1,620 per kW
for a 4.2 kW, 5‐year old system with 15 years remaining of
useful life and with a location in Denver, Co, market area “D”
Marketing time was 4 days: 52 days faster than the market average of 56. Homeowner
believed PV helped the marketability of the home.

Denver, Subdivision “E”: Case Study 28
SUBDIVISION E
Price range of homes sold279 in
market area:

Subdivision location:

Denver, Co

Number of detached
homes in subdivision:

2000 in the entire
area (136 in the
subjects’ s small
subarea)
5%

Age range of homes:

Quality of
Construction:

Average to Very
Good

Type of homes:

Number of homes
sold in 6 months280:
Number of PV
permits:
Range of kWs
installed:
Median kW amount
installed:

66

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

Percentage of
Rentals:

Unknown
Unknown
Unknown

Gross Rent Multiplier chart for
market area:

$164,900 to $826,474
Median: $365,000
Mode: none
1912 to 1956

No relevant rental data was
found. Not traditionally a
rental area.
Very urban area with many
bungalow style homes on
standard 6250 sq.ft.
rectangular lots
552‐3600
Unknown
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 28
April, 2013
$404,000
Purchase Date:
Sales Price of house:
76
years
868
Age of home:
Above‐grade sq.ft. of home:
6
45
Total days on
Average Days on Market for
281
282
market :
subdivision :
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: None known

MARKET CONDITIONS AT TIME OF SALE for Case Study 28 :
INCREASING
This area increased 1% per month over the past six months. Demand was very high and supply was low.
This put upward pressure on values, as multiple offers were common for many properties

279

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
281
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
282
Information is based on sales that sold in the six months proper to the closing date of the subject property.
280
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PHOTOVOLTAIC SYSTEM For Case Study 28
Details of the subject’s
PV system:

Real Estate Agent
comments:

NOTE:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
2.52
PV Installer
Date of Permit
May, 2007
Permit
Manufacturer of panels
(unknown)
Warranty on panels
25 Years
PV Installer
Manufacturer of Inverter
(unknown)
Warranty on Inverter
10 Years
PV Installer
Type
Fixed
Observation
Tilt
18.3
Observation
Energy Production per panel
(unknown)
Energy Production Estimate (for 1 year)
3645
PV Value
Location
Roof
Observation
Age of panels
6 years
Permit
Inverter type
Wall mount
(assumed)
Age of Inverter
6 years
(assumed)
Original gross cost
(unknown)
Azimuth
189
Solmetric Roof Azimuth tool
Listing Agent: This was an unusual circumstance where the panels had to be removed to
replace the roof. The panels were then placed back on the roof by the time of sale. These
buyers were specifically looking for a home on which they could install solar, so finding a home
they liked that already had solar was a plus. Appraiser did not understand the PV system or
how to value it, and thought the value was less than half the cost. This system saves about $30
per month. This $30 per month can be directly applied to buying more house. Many buyers do
not understand PV.
Selling Agent: Did not provide feedback
As noted earlier, most permit data for Denver county is extremely limited with many details not
recorded.

DETERMINING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #28
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 24:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Installer for this PV system

APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
28’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)
Income Approach (Mortgage savings)

A. Cost Approach (Using Local Builder Costs)
Based on the way the permits are kept and filed for Denver County, it was not possible to use permit
data from Denver to determine the replacement cost of the PV system for the subject property. Thus,
cost data is used from the city of Wheat Ridge (since costs are the same, regardless of the county):

Address

Date of Permit

Total
system Cost

kWs

Cost
per kW

7483 Dale Ct

02/13/2013

$7,920

2.64

$3,000

9520 Pierce St

02/13/2013

$12,960

4.32

$3,000

5726 W 115th Pl

02/13/2013

$16,560

5.52

$3,000

11350 Quivas
Way

03/11/2013

$30,345

8.67

$3,500

Based on the above permit data, a reasonable current cost estimate for a PV system in this area is
$3,500 per kW.
The subject property has what is assumed to be a 2.52 kW system, and therefore, the following
calculations can be made:
2.52 kW X $3,500
=$8,820
Depreciation is based on the system’s actual age (as of April 2013), compared to its useful life:
Straight‐line age/life method
Age of system:
6 years
Useful life:
25 years283
6/25 = 24% depreciated
$8,820 less depreciation
283

= $6,700 (rounded)

The subject property’s PV system is 6 years and is assumed to have a 19 year warranty. Total useful life is based on the life of
the warranty. If the estimated warranty period is incorrect, this could alter the conclusions and opinions reached in this report.
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Thus, as per actual local builder costs, the current cost (as‐is) of the subject property’s PV system is
$6,700. This does not take into consideration functional obsolescence. Adjusting for functional
obsolescence results in the following value indicator:
$6,700 less ($1000 X 2.52kW for functional obsolescence)

=

$4,180 (total value)

As of April 2013, a value indication using the cost approach is:
$1,660 (rounded) per kW
for a 2.52 6‐year old system with 19 years remaining useful life.

The cost approach is taken into consideration. These buyers were looking to install PV on their new
home and were fortunate enough to find a home with PV already on it. Thus, cost was relevant to these
buyers.
The cost data available was current and taken from the immediate market area; therefore, the value
indication by the cost approach is a very good indicator of the market value of this PV system.

B. Income Approach (Using PV Value)
The PV Value tool was used to develop the present value of the energy that will be produced by the
subject’s PV system over the next 19 years. The system is already six years old, so the remaining useful
life is only 19 years. The applicable specifications for the subject property’s PV system are noted below:
Solar Resource Calculation

Discount Rate Calculation

Electricity Rate Inputs

Zip Code

80211

Basis Points (low)

50

System Size in Watts
Derate factor
Module Degradation rate

2520
0.770
0.5

Basis Points (high)
Basis Points (average)
284
Net Yield Rate (Custom)

300
175
3.59

Tilt
Azimuth

18.3
189

Discount Rate(low)
Discount rate (average)

4.09
5.34

KWh Produced/Year

3645

Discount rate (high)

6.59

*Note: XXXX = User Input

Public Service Co. of Co
Residential Rate

11.15

Utility
Escalation rate

1.95

XXXX = User Input Override XXXX = Calculated Value

Using the above figures, the following calculations were generated:
Value of the energy produced this year
$392.21

284

Interest rate is from Interest Rate Chart contained in the addenda.

Operation & Maintenance
Inputs
15 Year (cents
75
per watt)
Inverter cost
System
Warranty/Years
Actual Age/Years
Remaining
Energy/Years

$1183.37
25
6
19

Present value estimate of accumulated energy production for remaining 19 years
Low
Average
High

$3,755.64
$4,225.00
$4,769.96

As per the above data, the indicated value by the income approach is between $3,800 and $4,800 (both
figures are rounded) for a 2.52 kW system.
As of April 2013, a value indication using the income approach is:
$1,500 to $1,870 (rounded) per kW
for a 2.52 kW, 6‐year old system with 19 years remaining of useful life.

These buyers were interested in the $30‐per‐month savings in utility bills. Thus, this method is
considered relevant to this market area. Adequate and reliable data was available to sufficiently
develop a value indication using this approach to value.

C. Income Approach (Mortgage)
When deciding whether to purchase the subject property, the listing agent mentioned that the $30
savings per month was directly translated into being able to obtain a larger mortgage.
This $30 translates in the following additional value the homebuyers could finance at today’s lending
rate of 3.59%:
$6,500
When translated into a value per kW, the following figures are generated:

As of April 2013, a value indication using the income approach is:
$2,600 (rounded)
per kW for a 2.52 kW, 6‐year old system with 19 years remaining of useful life.

This is given only moderate consideration since the $30 figure came from the agent and not from any
verified data.
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Summary and Conclusions
Market Perception/Reaction to the Subject’s PV System:




The listing agent thinks the value may have contributed 50% of the cost.
The buyers were interested in the utility savings.
The buyers were willing to buy a PV system and install it themselves.

In this circumstance, buyers in the area are knowledgeable about the income value and costs of PV
systems.

Reconciliation of Each Value Indication:
Paired Sales Analysis
n/a

Cost Approach
$1,660 per kW

Income Approach
$1,500 to $1,870 per kW (PV Value)
$2,600 per kW (mortgage savings)

The cost data reflects market actions and, given that the cost data used to develop the cost approach
was current and local, the value indicator from the cost approach is given great consideration in the
reconciliation.
The income approach to value is given consideration. There was reliable data available to develop an
income approach using the PV Value tool. The value indicator using the estimated mortgage savings falls
outside of the range of the other value indicators and therefore, is given no consideration.
In conclusion, the final value estimate is:

As of April 2013, the value is:
$1,700 per kW
for a 2.52 kW, 6‐year old system with 19 years remaining of
useful life and with a location in Denver, Co, Subdivision “E”
Marketing time was 6 days: 39 days faster than the market average of 45 days.

Denver, Subdivision “F”: Case Study 29
Subdivision location:

Denver, Co

SUBDIVISION F
Price range of homes sold285 in
market area:

Number of detached
homes in subdivision:
Percentage of
Rentals:

Over 1000

Age range of homes:

12%

Gross Rent Multiplier chart for
market area:

Quality of
Construction:

Fair to Very Good

Type of homes:

Number of homes
sold in 6 months286:
Number of PV
permits:
Range of kWs
installed:
Median kW amount
installed:

65

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

Unknown
Unknown
Unknown

$136,000 to $589,278
Median: $311,000
Model: no mode
1890 to 1956
No relevant rental data was
found for this type of
property.
Turn‐of‐the century Victorian
style homes. One of the
original developments in
Denver
800‐3600
Unknown
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 29
August, 2012
$582,675
Purchase Date:
Sales Price of house:
116
years
3546
Age of home:
Above‐grade sq.ft. of home:
194
44
Total days on
Average Days on Market for
287
288
market :
subdivision :
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: None noted

MARKET CONDITIONS AT TIME OF SALE for Case Study 29 :
STABLE
The market was seasonally stable. Days‐on‐market were beginning to decline, supply was just beginning
to decline and the sale‐to‐list price ratio was hinting of increases. The market was about to go from
stable to increasing, but had not yet definitively done so.

285

Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
287
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
288
Information is based on sales that sold in the six months proper to the closing date of the subject property.
286
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PHOTOVOLTAIC SYSTEM For Case Study 29
Details of the subject’s
PV system:

Real Estate Agent
comments:

NOTE:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
(unknown)
Date of Permit
Nov, 2010
Permit
Manufacturer of panels
(unknown)
Warranty on panels
25 Years
(assumed)
Manufacturer of Inverter
(unknown)
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation
Tilt
45
Observation
Energy Production per panel
(unknown)
Energy Production Estimate (for 1 year)
(not able to calculate)
Location
Roof
Observation
Age of panels
2 years
Permit
Inverter type
Wall mount
(assumed)
Age of Inverter
2 years
(assumed)
Original gross cost
(unknown)
Azimuth
272
Solmetric Roof Azimuth tool
Listing Agent: This was a very unique property (a very grand Victorian style home with many
period features and a very dated kitchen). This was the most expensive home in the area. The
PV had no extra appeal or relevance to this property.
Buyer’s Agent: The PV had nothing to do with the reason the buyers bought the home. It had
no impact on their decisions.
As noted earlier, most permit data for Denver County is extremely limited, with many details
unrecorded.

DETERMINING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #29
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 29:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit (minimal information available)
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

APPRAISAL METHODS
The appraisal methods noted below were used to help determine the contribution value (if any) of Case
Study 29’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

Because details regarding the subject’s PV system were not available, it was not possible to use the PV
Value tool, nor was it possible to develop the cost approach.
Therefore, this case study offered no conclusive information.

As of August 2012, the value is:
Not able to be developed (too many specifications about
the system are unknown)
for a system of unknown size and unknown age in an infill
subdivision located in Denver, Co, Market Area
The PV system did not help marketability.

This property is utilized as a case study because it met the initial qualification criteria to be selected as a
case study. After further investigation, the conclusion was reached that this case study offered no
relevant information. The property, however, was still retained to enhance the overall integrity of this
entire study (the 30 case studies are truly a random representation of the market area). It is to be
expected that when a random sample is chosen, a few of the chosen case studies will prove to
contribute little to the overall study.
Regardless, this case study demonstrates that it is necessary for appraisers to fully investigate the value
of homes that have PV systems, since not all data is created equal and not all properties have enough
market data to develop a reliable opinion of the contributory value of the PV system.

Case Study 29

P a g e | 287

Case Study 30

P a g e | 288

Denver, Subdivision “G”: Case Study 30
Subdivision location:

Denver, Co

SUBDIVISION G
Price range of homes sold289 in
market area:

Number of detached
homes in subdivision:

Over 1000

Age range of homes:

Percentage of
Rentals:

Unable to
determine

Gross Rent Multiplier chart for
market area:

Quality of
Construction:

Fair to Excellent

Type of homes:

Number of homes
sold in 6 months290:
Number of PV
permits:
Range of kWs
installed:
Median kW amount
installed:

100

Range of above‐grade square
footages:
Number of homes that sold
after they had PV installed:
Range of cost for PV systems
over a three year period:
Median gross cost of PV
systems:

Unknown
Unknown
Unknown

$77,000 to $762,488
Median: $317,075
Model: No mode
Most homes were built
before 1960. Urban area.
Regeneration is evident
No relevant rental data was
found for this price range of
home.
Brick ranch homes built
before 1960. Regeneration is
evident. Standard 6250 sq.ft.
rectangular lots.
800‐3700
Unknown
Unknown
Unknown

GENERAL PROPERTY INFORMATION: Case Study 30
August, 2011
$553,000
Sales Price of house:
New
1865
Above‐grade sq.ft. of home:
8
76
Average Days on Market for
292
subdivision :

Purchase Date:
Age of home:
Total days on
market291:
n/a
Gross Rent Multiplier
for similar home:
Other green and/or energy efficient features: None noted

MARKET CONDITIONS AT TIME OF SALE for Case Study 30 :
STABLE
An extremely balanced and stable market. Supply and demand were in balance and sale‐to‐list price
ratios were a healthy 98%.
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Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
Figures are for homes sold through the Metrolist MLS in the 6 months prior to the closing date of the subject property.
291
For this report, “Days on Market” is defined as the number of days between the list date and the date of contract.
292
Information is based on sales that sold in the six months proper to the closing date of the subject property.
290

PHOTOVOLTAIC SYSTEM For Case Study 30
Details of the subject’s
PV system:

Real Estate Agent
comments:

NOTE:

Category
Details
Source
Ownership
Owned
Listing Agent
kW
(unknown)
Date of Permit
2011
(assumed)
Manufacturer of panels
(unknown)
Warranty on panels
25 Years
(assumed)
Manufacturer of Inverter
(unknown)
Warranty on Inverter
10 Years
(assumed)
Type
Fixed
Observation
Tilt
(unknown)
Energy Production per panel
(unknown)
Energy Production Estimate (for 1 year)
Location
Roof
Observation
Age of panels
0
(assumed)
Inverter type
Wall mount
(assumed)
Age of Inverter
0
(assumed)
Original gross cost
(unknown)
Azimuth
183
(assumed)
Listing Agent: (Since this sale was so long ago, and this agent sold several new homes on this
street, the feedback was only general and not specific to this subject property). PV helped sell
the home, as it gave the developer an edge over the competition. It adds value, but nowhere
near the cost to install it.
Buyer’s Agent: No feedback was given.
As noted earlier, most permit data for Denver County is extremely limited, with many details
unrecorded.

DETERMINING THE CONTRIBUTORY MARKET VALUE OF THE PHOTOVOLTAIC
SYSTEM FOR Case Study #30
DATA SOURCES Attempts were made to contact and gather data from all of the following sources. The
sources that are marked with a check are those for which information was successfully obtained for
Case Study 30:
Listing Agent
Buyer’s Agent
Homeowner
Utility Records
Estimated Utility savings
PV Value
Paired Sales Analysis

Permit (minimal information available)
Exterior inspection of subject property
Most recent MLS listing
Assessor’s property records
Market conditions research
Subdivision Analysis
Area rental data

Case Study 30
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Case Study 30
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APPRAISAL METHODS
The appraisal methods noted below were used to develop the contribution value (if any) of Case Study
30’s PV system:
Sales Comparison (Paired Sales Analysis)
Cost Approach (Using local builder costs and the Age/Life Depreciation method)
Income Approach (Using PV Value)
Income Approach (Using a Gross Rent Multiplier)

The size of this system was not known or advertised. In examining the aerial photo of this house, the PV
system looks extremely small (about five panels). In all likelihood, this is a 1‐ 1.5 kW system that was
installed only to increase the marketability of the home. According to the real estate agents comments,
it did just that.
Given that the size of the system is unknown, it was not possible to develop either the cost approach or
the income approach. No conclusions regarding the value of the PV system are able to be developed,
since it proved impossible to find all of the specifications about the subject’s PV system.
Therefore, the conclusion was drawn that this system added no value to the property.

As of August 2011, the value is:
Not able to be developed (it was not possible to know the
exact specifications of this PV system)
per kW for a system of unknown size and age in a
subdivision located in Denver, Co, Subdivision “G”
The PV system did help marketability. The home sold in 8 days: 68 days less than the
market average of 76 days.

This property is utilized as a case study because it met the initial qualification criteria to be selected as a
case study. After further investigation, the conclusion was reached that this case study offered no
relevant information. The property, however, was still retained to enhance the overall integrity of this
entire study (the 30 case studies are truly a random representation of the market area). It is to be
expected that when a random sample is chosen, a few of the chosen case studies will prove to
contribute little to the overall study.
Regardless, this case study demonstrates that it is necessary for appraisers to fully investigate the value
of homes that have PV systems, since not all data is created equal and not all properties have enough
market data to develop a reliable opinion of the contributory value of the PV system.
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Part 5: Summary
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SUMMARY OF 30 CASE STUDIES
Based on the data contained in this report, all 30 case studies can be summarized into the following
table (organized by system size):
CASE
STUDY

10
11
5
28
16
22
1
23
12
24
15
14
21
19
17
3
4
27
13
7
20
18
2
8
6

LOCATION

Arvada,
Subdivision C
Arvada,
Subdivision C
Broomfield,
Subdivision C
Denver,
Subdivision E
Westminster,
Subdivision A
Denver,
Subdivision A
Broomfield,
Subdivision A
Denver,
Subdivision A
Westminster,
Subdivision A
Denver,
Subdivision A
Westminster,
Subdivision A
Westminster,
Subdivision A
Wheat Ridge,
Market Area A
Wheat Ridge,
Market Area A
Westminster,
Subdivision A
Broomfield,
Subdivision A
Broomfield,
Subdivision B
Denver, Market
Area D
Westminster,
Subdivision A
Arvada,
Subdivision A
Wheat Ridge,
Market Area A
Wheat Ridge,
Market Area A
Broomfield,
Subdivision A
Arvada,
Subdivision A
Broomfield,
Subdivision D

Sold
Date

Feb‐
2013
Feb‐
2013
Aug‐
2011
Apr‐
2013
Apr‐
2013
Nov‐
2011
Jan‐
2013
Nov‐
2011
Mar‐
2012
Apr‐
2012
Nov‐
2012
Feb‐
2013
Oct‐
2012
Jun‐
2012
May‐
2013
Dec‐
2012
Apr‐
2013
Aug‐
2012
Nov‐
2012
Aug‐
2012
Apr‐
2012
May‐
2012
Mar‐
2013
Mar‐
2013
Aug‐
2011

Low value
indication
per kW

High value
indication
per kW

Size of
System (in
kWs)

Low
Value
Indication

High
Value
Indication

Days on
Market

Market Area
Days on
Market

Sold %
Faster

$1,990

$2,200

1.38

$2,746

$3,036

Positive

Unknown

Incnclsv

$1,990

$2,200

1.38

$2,746

$3,036

Positive

Unknown

Incnclsv

$1,620

$1,620

2.1

$3,402

$3,402

23

90

75%

$1,700

$1,700

2.52

$4,284

$4,284

6

45

86%

$300

$300

2.7

$810

$810

13

57

78%

$1,800

$2,280

2.8

$5,040

$6,384

63

76

17%

$1,800

$1,800

2.8

$5,040

$5,040

27

36

25%

$1,900

$2,500

3

$5,700

$7,500

78

47

NEGATIVE

$2,000

$2,000

3

$6,000

$6,000

$2,570

$2,570

3

$7,710

$7,710

$1,870

$2,430

3

$5,610

$7,290

Positive

Unknown

Positive

$1,570

$2,000

3

$4,710

$6,000

Positive

Unknown

Positive

$2,070

$2,190

3.08

$6,375

$6,745

11

50

78%

$2,100

$2,100

3.36

$7,056

$7,056

21

68

70%

$1,450

$1,860

3.6

$5,200

$6,696

9

57

84%

n/a

n/a

3.96

n/a

n/a

11

49

78%

$1,500

$1,630

4.1

$6,150

$6,683

$1,620

$1,620

4.2

$6,804

$6,804

4

56

93%

$1,740

$1,800

4.2

$7,308

$7,560

9

93

4%

$0

$0

4.76

$0

$0

22

45

52%

n/a

n/a

4.9

n/a

n/a

$1,500

$1,860

5

$7,500

$9,300

54

76

29%

$1,900

$1,900

5.5

$10,450

$10,450

27

28

4%

$1,660

$1,820

5.72

$9,495

$10,410

100

45

NEGATIVE

$1,700

$1,800

6.75

$11,475

$12,150

4

51

92%

Positive

Unknown

16

Incnclsv

Incnclsv

77

Incnclsv

Positive
80%

Incnclsv

Incnclsv

Incnclsv
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9
26
30
29
25

Arvada,
Subdivision B
Denver,
Subdivision C
Denver,
Subdivision G
Denver,
Subdivision F
Denver,
Subdivision B

Jun‐
2012
May‐
2011
Aug‐
2011
Aug‐
2012
Nov‐
2012

$1,700

$1,700

n/a

n/a

n/a
n/a
Positive

Positive

7.13

$12,121

$12,121

32

61

48%

Unknown

n/a

n/a

52

89

42%

n/a

Unknown

n/a

n/a

8

76

90%

n/a

Unknown

n/a

n/a

194

44

NEGATIVE

51

46

NEGATIVE

Unknown

Positive

Positive

After comparing the value indications based on sale date, days on market and system size, it was clear
the only meaningful pattern relating to value was the size of the property’s PV system, followed by its
age. There was no value trend pattern based on sale date, location or even on the length of time the
property was on the market. As would be expected, the above data shows that the larger systems
typically sell for more than the smaller systems; however, overall, the value per kW is very similar,
regardless of the size of the system.
A few notable points can be made about the table above. These points are summarized below.
Of the 30 case studies:



None of the homes were sold for less because they had a PV system.
Twenty‐one homes sold for higher because they had a PV system.

Of the properties where PV contributed positively to their value:




The LOW value indication per kW ranged (excluding the one $300 per kW indicator as it had
extenuating circumstances) from $1,450 to $2,570.
The HIGH value indication per KW ranged (again, excluding the $300 per kW indicator) from
$1,620 to $2,570.
Thus, the LOW and HIGH value indications are in the same general value range.

With regard to the marketability of the properties with PV systems:



Four had longer marketing times because they had PV systems.
Twenty four properties had much lower marketing times as compared to the average days‐on‐
market for their area.

For the vast majority of properties that were studied, it is clear that PV systems added value and
decreased marketing times. These findings make sense, given how extremely common it was for real
estate agents to use the word “excited” with regard to how buyers felt about PV systems. Almost no
negative feedback was received regarding PV systems. Even so, a very common stumbling block (to
sellers being able to realize the full added value of a PV system) was education. PV systems are still
relatively new to the market area and the majority of buyers have a lot of questions about them. In fact,
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many of the case studies that had the lower value indications had them partially as a result of the fact
that listing agents did not adequately work to educate potential buyers on the features and benefits of
the PV systems. On the other hand, agents who realized higher value contributions of PV systems
continually stated that educating buyers was the “key”.
After all of the data was compiled and considered in the three approaches to value (the sales
comparison approach, the cost approach and the income approach), it was evident that in most
circumstances, there was market data to support the relevance of using all three approaches to value:
Sales Comparison Approach: When paired sales were available, they showed that the market
did pay a premium for PV systems.
Cost Approach: Market data clearly indicated that the value of a PV system is currently less than
its actual net cost in this market area. PV systems are a superadequacy. However, with prices
decreasing on PV systems, this could very well change in the foreseeable future.
Income Approach: With regard to utility savings (i.e. “income”), it was evident that the market
very much placed value on saving money each month. Therefore, appraisal methods that used
the income approach were relevant.
While the above three approaches to value were typically applicable to the majority of the case studies
in this report, appraisers, performing their own appraisals, will always need to weigh the strengths and
weakness of the data available for each approach. They will also need to weigh whether each approach
is relevant and reflective of market conditions for their valuation assignment.

IN CLOSING:
The value conclusions reached above are for these 30 individual case studies themselves and are not
meant to be a broad statement about the value of any PV system. The contributory value of any feature,
including a PV system, is always a “moving target” and, as such, appraisers will continually need to
monitor the market for changes in demand for PV systems, just as they currently do for all other
property features.
At the very least, this study demonstrates that PV systems are now common enough in this market area
that their potential value (and impact on marketability) will need to be studied by appraisers. There is
enough evidence to show that, in most circumstances, the market itself sees a monetary benefit to
having a PV system. Still, that monetary benefit will vary by market area, over time, and on a house‐by‐
house basis. Therefore, PV systems typically deserve the attention of the appraiser to ensure that any
potential value is adequately reflected in the appraisal.
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APPENDIX
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Appendix A:
Resources:
Azimuth (to calculate the azimuth of a specific house)
www.tools.solmetric.com/tools/roofazimuthtool

Energy Usage (the average consumption rate per house, listed by state)
www.eia.gov (in the search bar, type in: “How much electricity does an American home use?)

Energy Usage (to estimate how much energy a specific household might use)
www.hesprolbl.gov

Current Utility Rates (by state)
www.openei.org

Solar Energy Rebates and Incentives (listed by state)
www.cleanenergyauthority.com/solar‐rebates‐and‐incentives

PV Value®
www.pvvalue.com
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Appendix B: The Residential Green and Energy Efficient Addendum
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Appendix C: Definition of Market Value

The most probable price, as of a specified date, in cash, or in terms of equivalent to cash, or in other
precisely revealed terms for which the specified property rights should sell after reasonable exposure in a
competitive market under all conditions requisite to a fair sale, with the buyer and seller each acting
prudently, knowledgeably, and for self‐interest, and assuming that neither is under undue duress.
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Appendix D: Survey sent to homeowners

STATE OF COLORADO
COLORADO ENERGY OFFICE
1580 Logan Street, Suite 100
Denver, CO 80203-1625
Phone: (303) 866-2100
Fax:
(303) 866-2930
www.colorado.gov/energy
John Hickenlooper, Governor

March 18, 2013
Dear [Recipient Name]:
The Colorado Energy Office is conducting a study on the potential impact that photovoltaic
(PV) solar systems have on real estate transactions in Colorado. We want to determine the
marketability and/or possible value contribution of PV systems for residential properties. We
are contacting you because you purchased a home in the last few years that has a PV system.
Enclosed is a short questionnaire. The answers to these questions will help us identify what
impact the solar system on your new home had on your decision to purchase this specific
house. Your personal information (name, address) is confidential and will not be published in
our final report.
Lisa Desmarais, a residential appraiser, is helping us conduct this study and will be collecting
your information. Please return the questionnaire to her using the enclosed envelope, or
contact her at XXX‐XXX‐XXXX or email, xxxxxx, to provide your answers.
Your response is greatly appreciated.
Sincerely,

Peter Rusin, Residential Program Associate
Colorado Energy Office
John W. Hickenlooper, Governor
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1) At the time of purchase, did you consider the photovoltaic system a (POSITIVE),
(NEGATIVE) or a (NEUTRAL) feature of the home?

2) When you bought the home, what information, if any, did you want to know about the
system?

3) How important was it to you to have a photovoltaic system?

4) What, if anything, do you like about the system?

5) What, if anything, do you not like about the system?

6) Now that you have lived in the home a while, do you like the system (MORE THAN),
(THE SAME AS), or (LESS THAN) when you purchased the home?

7) Do you think the photovoltaic system adds monetary value to your home? If yes, how
much?
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8) Of the list below, can you mark which features (if any) were (MORE), (LESS) or of
(EQUAL) importance to having a photovoltaic system?
MORE

LESS

EQUAL

Location
View
Updating
Garage
(size)
Fireplace
Number of
bedrooms
Number of
bathrooms
Condition of
home
Den/Study
Formal
Dining
Room
Instant hot
water
Appliances
Heating
system
(type and
age)
Landscaping
OTHER

MORE

LESS

EQUAL

School
Deck/Patio/Porch
Price
Square Footage
of home
Basement
Basement
features
(finished,
walkout, etc.)
Energy
Efficiency
Size of lot
Big kitchen
Architectural
Details of the
house
Newer windows
Flooring
material (carpet,
wood, etc.)
Air conditioning

(Please fill in any other features you
would like to rank)

Green Features
OTHER

(Please fill in any other features you
would like to rank)

9) Next time you go to buy a house, will you look for one with a photovoltaic system? If
yes, why? If no, why?

10) What size is your PV Solar System? If you are not sure of the size, you might look
through paperwork on the system given to you by the previous owner or you can look
on the system DC disconnect or inverter sometimes there is a label that states the
system size.

11) Did you believe the PV system would result in lower energy costs for you?
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12) If yes, how much did you believe you would save per month?

13) After purchase, do you think energy cost savings were realized?

14) Did you think you could afford to spend more on a house payment per month because
your overall utility costs were going to be lower?

15) If yes, how much more did you allot to the mortgage payment that you would not have
(if you did not have PV)?

16) Did the PV Solar System play any role or influence your decision to buy the home?
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Appendix E:
Current limitations of Marshall & Swift Cost data (as of May, 2013)
Marshall & Swift cost figures represent the estimated cost to replace most construction items in a home
(flooring, furnaces, windows, etc). For the purposes of this study, the specific cost data we are using are
those figures from Marshall & Swift which pertain to photovoltaic systems. The cost figures they
generate are meant to provide a cost estimate for a PV system of like utility vs. the actual costs of the
exact PV system a specific property has. In appraiser terms: the cost figures generated by Marshall &
Swift represent the estimated “replacement” cost and not the “reproduction” costs of the PV system.
Thus, there is no expectation that the cost figures provided by Marshall & Swift will exactly match the
specifications of the exact, specific system an appraiser is studying. Rather, they will reflect the cost of a
PV system that is of like‐utility. This is an acceptable appraisal practice to use this type of data.
That said, the most current data set as of (December 2013) of Marshall & Swift cost figures for PV
systems is as follows:

Photovoltaic array, grid‐tied, sloped roof mounted, aluminum rack, safety switches, AC/DC inverter with:
1) 6‐ 230 watt panels, 16 VDC, 1.4 kW/non‐tempered
EACH $8000
2) 5‐ 205 watt panels, 16 VDC, 1.6 kW
EACH $13,700
3) 7‐ 240 watt panels, 16 VDC, 1.6 kW/non‐tempered
EACH $8,850
*Note: cost data is effective as of 03/2012

If an appraiser is appraising a home in December of 2013 in Arvada, Colorado with a new, 2.8 kW, grid‐tied, sloped
roof mounted PV system with safety switches and an AC/DC inverter, they would use the above data in the
following manner:
$8000 (Cost for 1.4 kW) + $8000 (Cost for an additional 1.4kW) = $16,000
$16,000 X the current cost multiplier of 1.0 X the current local multiplier of .98293 = $15,680
These figures, however, are neither current nor representative of what type of systems are common in the study
market area. Thus, the appraiser should not place emphasis on the current Marshall & Swift PV cost figures.
Additional reasons the above figures are currently flawed are as follows:
 Systems are scalable so the per‐watt cost for the larger systems is a bit lower than the per‐watt cost for
smaller systems. The above cost data does not reflect actual system sizes, nor does it reflect the scalable
costs of various sizes. For the three cost examples noted above, the per‐watt cost is $5.98, $13.37 and
$5.26 respectively, which makes no sense with the fact that solar systems are generally indexed by the
per‐watt cost.
293

All multipliers are provided in the Marshall & Swift Cost Handbook.
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Current local costs are about $3.50 per watt (or, $3,500 per kW). Thus, the above cost data is not a
reflection of local costs.
The costs noted above make reference to “16 VDC,” which is only of importance if a solar system has
batteries‐ which is not the case with most grid‐tied systems. Thus, the above cost data includes the
expensive and unnecessary component of a battery system.
It is not understood why the cost system would refer to un‐tempered panels. Every solar model that local
installers were familiar with had tempered glass (the panels would not last very long in the elements
otherwise).
The local multipliers do not apply in this circumstance. Since the costs of photovoltaic systems have been
dropping dramatically in price over the last two years, the local multiplier is not applicable.
Different roof materials result in higher installation costs (i.e. concrete tile roofs cost more to install on
then composition roofs).

To further understand the Marshall & Swift data, contact was made with the company to try and understand how
their cost figures were generated. They were kind enough to indicate they would forward my request to the
research team; the research team was not able to get back to me in the one‐month time frame that I was hoping
they could help me in. Thus, the above summary was compiled without input from Marshall & Swift. It is probable
they will be reworking their figures in the near future, so it is suggested the appraiser check the cost figures each
time they are updated to see when they become a reflection of their local costs.
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Appendix F:
One way to gather the information you need on a PV system:
1) When setting up an appointment with the homeowner, ask if they have a PV system.
If they do, ask if you can email them a copy of the Residential Green and Energy
Addendum. Instruct them how to fill it out.
If they have a PV system, let them know you would like to collect the following
information when you inspect the property:
A copy of their utility bills for the last year.
The most recent systems performance test they have had (if any).
A copy of their lease (if applicable).
A copy of their agreement with Xcel (if applicable).
Note the dates of the agreement.
Note if there are any PBI payments received by the homeowner.
2) Before going to the house, pull up the permit data on the PV system.
The permit may tell you:
The age of the system (when it was installed).
If the system was finalized or not (if it was not, you cannot be certain it was
installed correctly).
The type of panels (monocrystalline, polycrystalline, thin film)
The warranty length of the panels.
The warranty length of the inverter(s).
If the inverter(s) is wall‐mounted or if the system has microinverters.
The wattage of each panel.
The manufacture of the panels.
The manufacture of the inverter(s).
Where the system is installed (i.e. on the south‐facing roof, etc.)
If this information is not available on the permit, this is information you should try to
obtain from the homeowner.
3) Use the azimuth tool to determine the azimuth of the panels.
4) When on‐site:
Observe the condition of the panels and if they are shaded.
Find the inverter(s) (if they are wall‐mounted).
Observe and calculate the slope of the roof.
Take the kWh reading from the inverter(s).
If the data you are gathering regarding a PV system is for a comparable property (and not the subject
property), then you will need to rely a combination of on information you can get from the listing agent,
information from the selling agent, information from the homebuyer (if possible), building permit
information, internet tools (i.e. the azimuth tool and energy estimate tool) and observing the exterior of
the property as is reasonably possible.
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Appendix G:
Interest rate chart
Taken from www.hsh.com, interest rates have trended in the following way over the past several years:
Jan‐2010
Feb‐2010
Mar‐2010
April‐2010
May‐2010
June‐2010
July‐2010
Aug‐2010
Sep‐2010
Oct‐2010
Nov‐2010
Dec‐2010
Jan‐2011
Feb‐2011
Mar‐2011
April‐2011
May‐2011
June‐2011
July‐2011
Aug‐2011
Sep‐2011
Oct‐2011
Nov‐2011
Dec‐2011
Jan‐2012
Feb‐2012
Mar‐2012
April‐2012
May‐2012
June‐2012
July‐2012
Aug‐2012
Sep‐2012
Oct‐2012
Nov‐2012
Dec‐2012
Jan‐2013
Feb‐2013
Mar‐2013
April‐2013

15 Year Fixed‐Rate Mortgage
4.89
4.79
4.71
4.79
4.65
4.58
4.43
4.28
4.23
4.09
4.10
4.44
4.46
4.57
4.44
4.41
4.18
4.03
4.02
3.77
3.64
3.71
3.64
3.60
3.53
3.48
3.52
3.45
3.34
3.26
3.18
3.17
3.09
3.02
2.98
2.94
2.98
3.08
3.05
2.94

30 year Fixed‐Rate Mortgage
5.48
5.39
5.32
5.40
5.24
5.13
4.96
4.81
4.76
4.64
4.69
5.06
5.10
5.26
5.12
5.13
4.92
4.77
4.80
4.54
4.39
4.41
4.34
4.29
4.23
4.20
4.27
4.21
4.09
3.99
3.89
3.89
3.80
2.72
3.66
3.62
3.70
3.83
3.82
3.59
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Appendix H:
Realtor Information sheet
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Appendix I:
Using the Azimuth tool available online
To determine the azimuth of a specific PV system, you can use the Azimuth tool that is available for free online at
www.tools.solmetric.com/tools/roofazimuthtool .
To use the tool:
1) Type in the property address you are determining the Azimuth for.
2) Click the “Find” button.
3) An aerial photo of that property will come up.
4) Zoom in until the roof line of the property takes up most of the photo (assuming the PV system is located
on the roof).
5) Click on the “Azimuth Tool” button. A gray “+” will appear.
6) Use your mouse to move the “+” sign.
7) Align the “+” sign with the very top of the PV panels.
8) Click once and start to move your gray “+” again. An anchored red line will appear.
9) Your line will look like the arrow noted below:

10) Follow the exact parallel of the PV panels to the bottom of the PV panels. Click again. This will set your
line and display three numbers along with a compass looking diagram.
11) This compass item has your azimuth. The azimuth is the number that is outlined in white (i.e. the
midpoint number).
The azimuth will not be 100% accurate (though it will be very close). This number, however, is more than accurate
enough for appraising purposes.
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Appendix J:
Scope of Work and Steps Taken to Ensure Competency
During the course of this study, numerous details regarding PV systems were discovered that were
previously unknown to this appraiser. Thus, the following steps were taken to ensure competency:











In‐depth discussions and study were made with a certified PV installer (Whitney Painter). Ms.
Painter also contributed to, read and edited all information pertaining to the specifications of PV
systems (i.e. technical details, incentives, rebates, etc.)
This appraiser attended two full‐day courses on appraising properties with green features
(taught by Sandy Adomatis).
The Energy Task Board members were periodically contacted by me to review drafts and offer
advice, feedback and guidance.
An expert (John Schwartz, MAI) in the discount analysis method was sought and he provided
guidance, input, review and expertise.
An expert (Harold McCloud, MAI) on the Marshall & Swift Cost information was sought to
provide general input on the cost figures generated from Marshall & Swift.
One of the authors (Geoff Klise) of the PV Value tool was directly contacted to provide further
information on the tool itself. Geoff contributed to writing, editing and compiling all information
contained in the PV Value™ information sections of this study.
Two books were read (Solar Electric Basics by Dan Chiras and An Introduction to Green Homes by
Alan Simmons), as well as numerous articles.
Extensive study was made into rebate and incentive programs, PV warranties, electrical
components, net‐metering, azimuths, peak daylight hours, shading, degeneration, derate factors,
valuation tools, market perception, market participants, and other relevant subjects.

In addition to the above steps performed, the following is a list of the scope of work completed for this study:
 Interview five on‐site builder representatives.
 Review 11 builder websites and marketing materials.
 Receive, organize, categorize and review bulk photovoltaic permit data from the cities of Arvada,
Broomfield and Westminster.
 Review individual permits for specific properties (including those used in the case study and
others that were eliminated as potential case studies).
 Review Multiple Listing Service data.
 Interview around 150 real estate agents. (While approximately 200 were contacted, about 150
responded back to requests for feedback and information).

P a g e | 317

P a g e | 318

P a g e | 319

