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Executive Summary
Objectives of this rapid review
The energy usage of a home is often an important
factor for people when considering renting or buying.
Using an energy performance rating is one way to show
how “energy hungry” a home could be. In some
countries, it is mandatory for the seller to obtain, and
disclose, a home’s energy rating. For countries in the
European Union, this has been the case for 10 years. In
the ACT a disclosure scheme has been operating for 20
years. Disclosing energy ratings is common practice in
the commercial building sector in Australia, where it has
been found to have a positive effect on the value of
buildings with higher energy ratings (a price premium).
Researchers are now looking to see if a similar effect
exists in the residential sector.
If a rating scheme can influence residential property
values, it is important to understand how consistent the
effect is, and what else policy makers need to consider
in developing and justifying such a scheme. The main
objective of the current review was to explore the
relevant body of academic literature to answer the
question: What are the effects of residential building
energy performance disclosure policies on property
values?

Key findings of this rapid review
Do houses sell for more if they have a green energy
rating? The majority of the 27 relevant international
primary academic publications reviewed for this project
agree that a price premium does exist for more energy
efficient homes, typically in the order of 5% to 10%.
There are two ways at looking at potential price effects.
Firstly, by comparing rated versus not rated residences,
and secondly, by comparing a higher rated residence
with a lower rated one. To generalise, previous
research studies based in the EU looked at high vs. low
rated dwellings, and studies in Japan, Singapore and
the USA looked at rated vs. non-rated dwellings. In both
cases, a price premium was found.
The reported price premium varied by study, country,
and real estate market. One study, in Belfast, found a
27% price premium for high rated buildings, while
another in the Netherlands, found a price premium of
2.7% for similarly rated dwellings.
Only four studies, out of the 27, found that lower
building energy ratings were associated with higher
property prices. Three of these studies were conducted
in Sweden, and one small study in Japan (a
subsequent study in Japan, looking at a larger number
of residences, found a price premium for green rated
homes). For the Swedish studies, it is not clear whether
the contrary results are related to the slightly different
method of calculating the energy ratings in Sweden,
local market conditions and purchasers, or limitations of
the model used to calculate the price premium.

The observed price effects were not just related to the
energy efficiency of the building, but also to a range of
local factors, such as housing supply and demand, and
how much prospective buyers were willing to pay for
energy efficient homes. These factors, which vary by
location, need to be taken into account when assessing
the effects of residential building energy performance
disclosure policies on price premiums.

Methods, limitations and future research
The findings are based on a rapid systematic review of
academic literature. We searched academic databases
for all research on the topic and then whittled the list
down to 27 most relevant research studies. These
studies were published between 2011 and 2019,
covered 14 countries, and 10 energy performance
rating schemes. Most of the studies (18) considered the
European Union’s Energy Performance Certificate
(EPC). Although there are differences in how the EPCs
are defined and managed in each EU country, they are
broadly comparable, in that they use a standard A
(high) to G (low) grade.
Comparing findings between studies was difficult
because each used its own economic model for
analysis, taking into account property specific items
(like property size or views), location specific details
(like proximity to a train station or town centre) and local
demographic information (like average household
income, and measures of sentiment towards
environmental issues).
Despite the best efforts of the researchers, it can still be
difficult to tell if an observed price premium is solely due
to the energy rating, or something that was not included
in the evaluation model (typically due to a lack of data).
For instance, homes with higher ratings may also look
nicer, or have more modern kitchens. This highlights
the need for policy makers to ensure that the evaluation
of an energy rating scheme is based on a model that
includes appropriate factors that are relevant to the
local market; for instance whether a house had a sauna
might be very important in Helsinki, but not so much in
Cairns.
Two important points for the future work might be:
 More time is required for an in-depth look at
other factors that play a part in property
values, and to assess to what extent the
models which underpin the various studies are
accurately incorporating all the relevant
parameters.
 Given this is a relatively new policy area, there is
limited relevant academic literature on this
topic published between 2011 and 2019. Nonacademic literature and data were not included
in this review. These data sources should be
included in future analyses.
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Conclusion
A rapid systematic review of international academic
literature suggests that home buyers typically value a
more energy efficient home, and when presented with
easily accessible information in the form of an energy
performance rating, are willing to pay more to live in

one. Therefore, a disclosure policy of a building’s
energy rating can assist consumers in making a more
energy efficient choice, which may result in lower
energy bills and a healthier home. Homeowners, agents
and policy makers should consider the way that the
rating scheme is calculated, the local context, and the
associated evaluation model.
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Introduction

Methods

Rationale

Eligibility criteria

The disclosure of home energy ratings is a wellestablished method to provide consumers with
information on the likely energy performance of a
dwelling they may be considering renting or buying.
Mandatory disclosure of energy ratings at the point of
sale or lease has been regulated in a number of
jurisdictions, in some cases for over 15 years. In the
commercial building sector the implementation of
mandatory disclosure has been linked to the
emergence of price premiums for higher rated
buildings. A number of studies have examined whether
or not the same effect can be observed in the
residential sector. The current review explored the
relatively small body of academic literature which
reports on previous examinations of evidence in the
relevant national and international jurisdictions where
mandatory disclosure operates.

The following study characteristics were used as
inclusion criteria for the review:

Objectives
The main objective was to rapidly synthesize
knowledge from primary literature to answer the
question: What are the effects of residential building
energy performance disclosure policies on property
values?
Due to the limited timeframe, this review was not a
comprehensive review of all available evidence, rather
the analysis was of a representative sample, identified
via a rapid systematic review method (Tricco et al.
2015).

1. Studies published in peer-reviewed academic
journals;
2. Studies published in English;
3. Studies published after 2003;
4. Studies on residential buildings in locations with
mandatory or voluntary energy efficiency
disclosure schemes, including the regulatory
developments from the Energy Performance in
Buildings Directive (EPBD) in Europe, and
ACTHers in Australia.
5. Studies comparing rated buildings to a set of
equivalent non-certified buildings, or
comparing highly rated buildings with lower
rated buildings (similar size, location, age, etc.;
not national baselines or building standards);
6. Comparisons were made in terms of property
sale price, with analysis of actual listing or
transaction data (as opposed to studies only
considering rental markets, or surveys
exploring willingness to pay);
7. Any geographic location in which an energy
efficiency disclosure scheme is operating; and
8. Full source text available.
An iterative process was used during the actual review
process to refine the above criteria to scale up or down
the number of resulting potential studies in order to
achieve the desired number of studies. Scaling was
done by adding further restrictive inclusion criteria, as
described in the “Search Strategy” and “Deviations from
Protocol” sections below.

Information sources
1. The main (core) searches were conducted using
two multidisciplinary broad-coverage academic
literature databases: Scopus and Web of
Science.
2. Google Scholar was also used to identify
additional relevant studies.
3. Snowballing (forward and backward reference
screening) from the included studies using
Scopus search engine and database was also
used.

Search strategy
We used combinations of keywords and phrases
related to the certification and building type to construct
search strings. Several search strings were tested in
SCOPUS before a suitable search was identified,
including the following:
8

Search string for SCOPUS (search date 20/03/2019):

described above).

TITLE-ABS-KEY ( residential OR domestic OR
house OR home ) AND TITLE-ABS-KEY ( energy
OR sustainability ) AND TITLE-ABS-KEY ( disclosure
) AND TITLE-ABS-KEY ( value OR price ) [19 hits]

In addition, numerous Google Scholar searches were
conducted using variants of the SCOPUS search
strings, e.g.:

Search string for SCOPUS (search date 20/03/2019):

"Energy Rating" "Property Value" Residential [341 hits];

TITLE-ABS-KEY ( residential OR domestic OR
house OR home ) AND TITLE-ABS-KEY ( energy
OR sustainability ) AND TITLE-ABS-KEY ( value OR
price) [18,091 hits]

"Energy Performance Certificate" "Property Value"
Residential [234 hits]; and

Search string for SCOPUS (search date 20/03/2019):
( TITLE-ABS-KEY ( residential ) AND TITLE-ABS-KEY
( "Energy Rating" ) AND TITLE-ABS-KEY ( value OR
price ) )[16 hits]

Search string for SCOPUS (search date 20/03/2019):
( TITLE-ABS-KEY ( residential OR domestic OR
house OR home ) AND TITLE-ABS-KEY ( "Energy
Rating" OR "Energy Performance Certificate" OR
"Disclosure" ) AND TITLE-ABS-KEY ( value OR price
) ) [425 hits].

Study records
Records from Scopus and Web of Science electronic
databases were exported to the Mendeley reference
management software. One reviewer (DD) screened all
de-duplicated records (titles, abstracts, keywords) to
identify relevant studies using the eligibility criteria
described in the previous section.
Full papers were retrieved for 27 studies deemed
potentially relevant. One reviewer (DD) screened all full
papers using the same criteria for the titles and
abstracts, with a second reviewer (GK) checking the
final list of included studies and their coding (i.e. data
extraction). Studies deemed suitable for inclusion were
then used to perform additional snowballing searches
(i.e. forward and backward reference screening, as

"Energy Performance Certificate" "sale price" house
[123 hits].

One reviewer (DD) screened the results of this Google
Scholar search by looking at the top 50 hits for each
search. Finally, a reviewer (DD) performed snowballing
(i.e. forward and backward reference searches) for the
reviews already included and other relevant reviews on
the topic using the Scopus online database. The
overview of the search and screening process is
presented in the PRISMA flow diagram in Figure 1.

The final search terms were:
Search string for SCOPUS (search date 04/04/2019):
TITLE-ABS-KEY ( Residential OR Domestic OR
House OR Home ) AND TITLE-ABS-KEY ( "Energy
Rating" OR "Energy Performance Certificate" ) AND
TITLE-ABS-KEY ( Value OR Price ) [98 hits]

Search string for Web of Science (search date
22/06/2018):
TOPIC: (Residential OR Domestic OR House OR
Home) AND TOPIC: ("Energy Rating" OR "Energy
Performance Certificate") AND TOPIC: (Value OR
Price) Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCIS, CPCI-SSH, ESCI, CCR-EXPANDED, IC
Timespan=2003-2019 [57 hits]

.
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Figure 1. PRISMA flow diagram, providing an overview of the search and screening process.

Outcomes and prioritisation
Not applicable, due to the rapid and scoping nature of
this review.

Risk of bias of individual studies
We did not perform a full quality assessment of the
included primary studies. However, we coded the key
study characteristics that could indicate risk of bias,
such as study funding and declared conflict of interest.

Deviations from protocol
Two studies which only considered rental price effects
were excluded from the current review, a deviation from
the original protocol. This additional exclusion criteria
was added to limit the scope of the review.
Beyond the 13 main study variables to be extracted in
the protocol, four additional data items were identified
as important for comparison of studies, namely model
fit (as reported by the adjusted R2 value of the main
regression analysis), the source of the sales data, a
summary description of the observed price effect, and
the study conclusions as reported by the author. An
additional comments item was also added, to capture
relevant interesting findings or observed shortcomings
of individual studies.

For each individual study, all reported findings were
considered as part of the review, however only price
effects which met the test of statistical significant at the
10% level were included in the summary of findings.
Tests of statistical significance were universally applied
in the reviewed literature. Whilst acknowledging that
there is an ongoing debate regarding the role of
significance testing in scientific inquiry, for the purpose
of the current study significance testing was the most
appropriate method to compare findings between
studies with large variations in sample and population
size.

Data Synthesis
No quantitative assessment was performed. A
qualitative summary is provided in the form of tables
and narrative description of the patterns and gaps
observed in the primary literature on the rapid review
topic.

Meta-bias(es)
Not applicable, due to the rapid and scoping nature of
this review.

Confidence in cumulative evidence
A discussion of the issues and confidence in the
cumulative evidence is included in the results section.
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Data items
We recorded the study characteristics as shown in Table 1 below.
Table 1. List of the main study variables that will be extracted and coded for the included studies, with relevant values

Study variable

Description

First Author_year

Key (ID) of the article is created by concatenating the last name of the
first author and the year published

Year

Year published

Exclude

Y/N/?

Exclusion reason

Statement of reason for exclusion

Measure

Sale or Rental

Main topic

Main topic addressed in the article

Study location

Country in which compared buildings are located

Certification

Type of certification scheme considered in the study

Sample size of rated buildings

Number of cases included in the study sample

Study funding

Funding sources declared in the article

Conflict of interests

Conflicts of interests declared in the article

Source of listing or transaction
data

What was the source of the property value data

Hedonic Factors

What factors were included in the Hedonic Model

Model fit (Adjusted R2)

How well did the hedonic model explain variation in housing prices

Sale comparison description

What was the reported price effect of energy rating of sale price

Study conclusions reported

What was the conclusion regarding price effect as reported by the study
authors

Comments

Any general comments or additional information regarding the study.

Reference

Full publication reference information, including title of the article
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Results
Overview of the included studies
No systematic review papers were uncovered for this
study. In total, 27 primary studies met our inclusion
criteria for the current review. Table 2 provides an
overview of these studies, including publication details,
main topic, location, certification scheme, funding and
conflict of interests.
The 27 included studies were published between 2011
and 2019, covered 14 countries and 10 energy
performance rating schemes. The majority of studies
(18) considered the Energy Performance Certificates
(EPC) introduced as a result of the introduction of the
Energy Performance of Buildings Directive (EPBD).
These certificates were first introduced at the European
level after the 2002 EPBD came into force (in 2009 for
most countries). The certificate details vary at country
level, however, there are many common features
across jurisdictions.

The specific details of the characteristics included in
each vector term varied significantly between studies,
as well as factors included in the hedonic model due to
the authors’ assessment of whether a factor was likely
to be relevant, as well as availability of data.

Table 3 provides further detail regarding the included
studies. The information included factors included in the
hedonic model, sample size of rated buildings, data
source, and model explanatory power (how well the
model is able to explain the observed variation in
prices, as expressed by the adjusted R2 value).

The EPBD was a directive that the energy efficiency of
a home should be publicised at the point of sale and
lease, however it was not prescriptive as to the details
to be covered in the energy labels. Table 2 groups all
EPCs created in response to the EPBD as “EPBD
EPC’, however, they could more accurately be
characterised as the EPCs of specific countries.

All included studies utilised a hedonic model to account
for the various factors that will impact house prices. The
general form of the hedonic model for all studies was:

𝑃 = 𝑓(𝑋, 𝑁, 𝐸, 𝐶)+𝜀
Where:

P is the price of a property,
X is a vector of dwelling characteristics (such as
age, size, quality, etc.),
N is a vector of location characteristics (such as
distance to a city centre, proximity to public
transport, neighbourhood socio-demographics),
E is the energy rating,
C is a time correction for studies using data which
spans a substantial time period, and
𝜀 is the error term.

Image: EPBD Ratings illustration
https://ec.europa.eu/energy/en/topics/energyefficiency/energy-performance-of-buildings
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Table 2. Main characteristics of the included studies
Reference

Title

Fuerst and
Warren-Myers,
2018
Jensen, Hansen
and Kragh, 2016

Does voluntary disclosure create a green
lemon problem? Energy-efficiency ratings
and house prices.
Market response to the public display of
energy performance rating at property sales

Fuerst,
Oikarinen and
Harjunen, 2016

Green signalling effects in the market for
energy-efficient residential buildings

Kholodilin,
Mense and
Michelsen, 2017

The market value of energy efficiency in
buildings and the mode of tenure

Hyland, Lyons
and Lyons, 2013

The value of domestic building energy
efficiency - evidence from Ireland

Stanley, Lyons
and Lyons, 2016

The price effect of building energy ratings in
the Dublin residential market
Price Premium for building energy
efficiency: empirical findings from a hedonic
model

Copiello and
Bonifaci, 2015
Fregonara,
Rolando and
Semeraro, 2017
Fuerst and
Shimizu, 2016

Energy performance certificates in the Turin
real estate market
Green luxury goods? The economics of
eco-labels in the Japanese housing market

Main topic

Study
location

Certification

Study Funding

Conflict of
interest

The effect of energy efficiency
ratings on sale and rental prices

Australia,
ACT

NatHERS Energy
Efficiency Rating (EER)

Thrive Research Hub, the Faculty of
Architecture, Building and Planning, and
the University of Melbourne

Not stated

The effect of energy efficiency
ratings on sale prices

Denmark

EPBD EPC*

Danish Energy Agency.

Not stated

Finland,
Helsinki

Finnish Energy Rating,
based on actual heating,
cooling and other energy
usage averaged across
an apartment building

RICS Research Trust, the Turku School of
Economics Support Foundation, the
Academy of Finland, Marjatta and Eino
Kolli Foundation, the KIINKO Foundation, and the Cambridge University Land
Society

Not stated

Germany,
Berlin

Energy Performance
Score (EPS), based on
actual (or estimated)
energy usage averaged
across an apartment
building

Not stated

Not stated

Ireland

EPBD EPC

EPA Strive programme and the ESRI
Energy Policy Research Centre

Not stated

Ireland,
Dublin

BER, the Irish version of
an EPBD EPC

Not Stated

Not stated

Italy, Padua

EPBD EPC

Not stated

Not stated

Italy, Turin

EPBD EPC

Not stated

Not stated

Japan,
Tokyo

Tokyo Green Building
Program

RICS Research Trust

Not stated
Not stated

The effect of energy efficiency
ratings on apartment sale prices

The effect of energy efficiency
ratings on apartment sale prices

The effect of energy efficiency
ratings on the sale and rental
prices of properties
The effect of energy efficiency
ratings on sale prices
The effect of energy efficiency
ratings on sale prices
The effect of energy efficiency
ratings on sale prices of older
buildings.
The effect of green mark ratings on
condominium sale prices

Yoshida and
Sugiura, 2015

The Effects of Multiple Green Factors on
Condominium Prices

The effect of multiple green factors
on sale prices

Japan,
Tokyo

Tokyo Green Building
Program

MLIT and the Institute for Real Estate
Studies at the Pennsylvania State
University

Chegut,
Eichholtz and
Holtermans,
2016

Energy efficiency and economic value in
affordable housing

The effect of energy efficiency
ratings on sale prices in the
affordable housing market

Netherlands

EPBD EPC

European Union's Building Energy
Efficiency for Massive Market Up- take

Not stated

Brounen and
Kok, 2011

On the economics of energy labels in the
housing market

Price effects and uptake of EPC

Netherlands

EPBD EPC

Mistra Foundation, Sweden, the Royal
Institution for Chartered Surveyors, and
RSM Erasmus, the Netherlands

Not stated

Olaussen, Oust
and Solstad,
2017

Energy performance certificates – Informing
the informed or the indifferent?

The effect of the introduction and
disclosure of energy efficiency
ratings on sale prices

Norway,
Oslo

EPBD EPC

Not Stated

Not stated
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Reference
Deng and Wu,
2014
Deng, Li and
Quigley, 2012
Addae-Dapaah
and Chieh, 2011

Title
Economic returns to residential green
building investment: The developers’
perspective
Economic returns to energy-efficient
investments in the housing market:
Evidence from Singapore
Green Mark Certification: Does the Market
Understand?

Main topic

Study
location

Certification

Study Funding

Conflict of
interest

The effect of Green Mark ratings
on pre-sale and resale prices

Singapore

Green Mark

Institute of Real Estate Studies at National
University of Singapore, National Natural
Science Foundation of China

Not stated

The effect of Green Mark ratings
on sale prices

Singapore

Green Mark

Not stated

Not stated

The effect of green mark ratings on
sale prices

Singapore

Green Mark

Not stated

Not stated

De Ayala,
Galarraga and
Spadaro, 2016

The price of energy efficiency in the
Spanish housing market

The effect of energy efficiency
ratings on sale prices

Spain

EPBD EPC

The authors acknowledge the PURGE
Project (Grant Agreement no. 265325) of
the 7th Framework Programme of the
European Commission

Not stated

MarmolejoDuarte and
Chen, 2019

The incidence of the energy rating on
residential values: an analysis for the
multifamily market in Barcelona

The effect of energy efficiency
ratings on sale prices, and whether
the effect is heterogenous.

Spain,
Barcelona

EPBD EPC

EnerValor project ref. MINECO/FEDER
BIA-2015-63606-R

None

Wahlström,
2016

Doing good but not that well? A dilemma for
energy conserving homeowners

The effect of energy efficiency
ratings on sale prices

Sweden

Actual or estimated
heating and cooling
energy consumption from
the Swedish EPBD EPC

Hårsman,
Daghbashyan
and Chaudhary,
2016

On the quality and impact of residential
energy performance certificates

The effect of energy efficiency
ratings on sale prices

Sweden

EPBD EPC

Cerin, Hassel
and Semenova,
2014

Energy Performance and Housing Prices

The effect of energy efficiency
ratings on sale prices

Sweden

EPBD EPC

Mistra,

Not stated

The effect of energy performance
on single-family home sale prices

Sweden

EPBD EPC

the Valle Scholarship and Scandinavian
Exchange Program

Not stated

The effect of energy efficiency
ratings on sale prices

UK, Belfast

EPBD EPC

Not stated

Not stated

The effect of energy efficiency
ratings on sale prices

UK,
England

EPBD EPC

UK Department of Energy and Climate
Change

Not stated

Fuerst et al.,
2016
Kahn and Kok,
2014

The impact of energy performance on
single-family home selling prices in Sweden
Modelling the effect of energy performance
certificate rating on property value in the
Belfast housing market
Does energy efficiency matter to homebuyers? An investigation of EPC ratings
and transaction prices in England
Energy performance ratings and house
prices in Wales: An empirical study
The capitalization of green labels in the
California housing market

UK, Wales

EPBD EPC

Welsh Low/Zero Carbon Hub

Not stated

USA,
California

LEED, Energy Star and
GreenPoint

Zhang et al.,
2018

Valuation of energy efficient certificates in
buildings

The effect of energy-certification
on sale prices

USA,
Atlanta

EarthCraft House, Energy
Star

City and County of San Francisco and
StopWaste.org
National Science Foundation under
Grants Nos. 1300918 and 1441208.
References

Högberg, 2013
Davis et al.,
2015
Fuerst et al.,
2015

The effect of energy efficiency
ratings on sale prices
The effect of green labels on sale
prices

Center of Excellence of Science and
Innovation Studies (CESIS) at KTH, The
Royal Institute of Technology and Tyréns
AB
Department of Industrial Economics and
Management and the Center of
Excellence of Science and Innovation
Studies (CESIS), KTH The Royal Institute
of Technology

Not stated

Not stated

Not stated
Not stated
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Table 3. Sample sizes, data sources and hedonic mode factors for included studies
Reference

Sample size

Source of listing or transaction data

Fuerst and
Warren-Myers,
2018

31,061

Advertised sale and rental price from the main
real estate website in the market.

Jensen et al.,
2016

117,483

Transaction sale price obtained from the
government Danish Building Stock Register

Fuerst et al.,
2016

6,203

Transaction sale price for second-hand
transactions provided by a real estate agency
for approximately 25% of transactions.

Kholodilin et al.,
2017

7,298

Advertised sale and rental prices from the
three most popular real-estate websites.

Hyland et al.,
2013

15,060

Stanley et al.,
2016

2,792

Copiello and
Bonifaci, 2015

951

Advertised sale price as listed on unstated
websites for property sales.

Fregonara et al.,
2017

577

Advertised sale price from the main Italian real
estate websites.

Advertised sale and rental prices from the
largest real-estate website in Ireland, with
~90% coverage
Advertised sale and rental prices from the
largest real-estate website in Ireland, with
~90% coverage

Fuerst and
Shimizu, 2016

23,920

Transaction price for new and used
condominiums as collected by the Tokyo
Association of Real Estate Appraisers

Yoshida and
Sugiura, 2015

11,933

Transaction price for condominiums obtained
from the Transaction Price Information Service.

Chegut et al.,
2016

17,835

Transaction price data for housing transactions
from each affordable housing institute was
extracted from the database of the Dutch land
registry.

Hedonic model factors (all studies included Energy Rating as a hedonic factor)
X: Age, property type, no. bed, no. bath, time on market, heating system, cooling system, presence of:
PV, solar HW, spa, swimming pool, sauna, garden, garage, parking, courtyard;
N: Distance to: CBD, Airport, bus stop, hospital, library, playground, school, shopping, supermarket,
reserve, sportsground. SEIFA score, suburb-level unobserved heterogeneity (i.e. post code);
C: Quarter;
X: Period of construction, type of heating supply, roof and wall material;
N: Post code;
C: Month;
X: Age, condition, sauna, floor level, top floor level, penthouse;
N: Post code, CBD distance (car and public transport), homeowners, mean income, college education,
unemployed, pensioners, families with children, no. buildings, mean house area, and population;
C: Quarter
X: Size, dwelling type, elevator, cellar, fitted kitchen, guest bath, parking lot, garden, balcony, suited
for elderly or disabled people, quality, age, top floor level,
N: Post code, population density, distance to: CBD, supermarket, metro, railway, school;
C: Month;
X: Dwelling type, new development, no. bed, no. bath;
N: Region, rural;
C: Quarter;
X: Dwelling type, size, age;
N: Postcode;
C: Quarter;
X: Dwelling type, no. parking, no. bath, age, quality indicator;
N: Location (tax zone);
C:
X: Size, Quality indicator, condition indicator;
N: Location;
C:
X: Size, no. of condominiums, site area, management cost, management type, percentage of units
sold within the first month
developer reputation, dwelling type, leasehold, household income, employment status;
N: Distance to: CBD, public transport, location;
C: Year;
X: Unit size, floor no. of the unit, floor plan type, building size, height, stories below ground, building
structure type, building age, superintendent;
N: jurisdiction, station size, railway line, distance to the nearest railway station, zoning type, maximum
floor-to-area ratio;
C: Quarter;
X: Size, no. rooms, age, basement, attic, garden, parking, monument, no. stories, dwelling type,
interior and exterior maintenance rating, insulation quality, heating type, ground lease, partial lot, time
on market;
N: Post code;
C: Quarter;

Model fit (R2)

0.79

0.60*

0.93

0.75

0.65

0.77

0.7

0.76

0.81

Not Stated

0.90
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Reference

Sample size

Brounen and
Kok, 2011

Source of listing or transaction data
Transaction price was taken from the database
of the Dutch Association of Realtors.

Olaussen, et al.,
2017

2,066

Deng and Wu,
2014

18,224

Deng, et al.,
2012

36,512

Transaction price acquired from a commercial
data provider, official records, and an online
advertisement.
Transaction price acquired from the Urban
Redevelopment Authority's Real Estate
Information System.
Transaction price acquired from the Urban
Redevelopment Authority's Real Estate
Information System

Addae-Dapaah
and Chieh, 2011

9161

Transaction price for repeat sales acquired
from the Urban Redevelopment Authority's
Real Estate Information System.

De Ayala et al.,
2016

1,489

Self-reported housing price data was obtained
through a specific survey of randomly selected
1507 primary urban residences across Spain.

MarmolejoDuarte and
Chen, 2019

3,479

Advertised sale price was retrieved from one of
the largest real estate advertising websites in
Catalonia.

Wahlström,
2016

69,698

Transaction price data obtained from the
Swedish Central Bureau of Statistics.

Hårsman et al.,
2016

69,698

Transaction price data obtained from the
Swedish Central Bureau of Statistics.

Cerin et al.,,
2014

67,559

Not stated

Högberg, 2013

1,073

Transaction price data was obtained from a
commercial data provider.

Davis et al.,
2015

3,797

Not stated

Fuerst et al.,
2015

333,095

Transaction prices were acquired from a
commercial data provider,

Hedonic model factors (all studies included Energy Rating as a hedonic factor)
X: Dwelling type, age, size, central heating, insulation quality, maintenance rating;
N: Housing density, average household income, average time on market; % green vote;
C: Quarter;
X: Age, dwelling type, size;
N: City districts;
C: Year;
X: Size, floor level, tenure, property type, purchaser type, transaction type, no. of units, age;
N: Location;
C: Month;
X: Area, floor level, dwelling type, age, transaction type, tenure type, purchaser type;
N: Planning area, distance to: public transport, park, CBD;
C: Month;
X: Area, floor level, age, property type, development features (BBQ, Clubhouse, water features,
swimming pool, tennis court, gymnasium);
N: Suburb and neighbourhood effects;
C:
X: Age, Last sale, area, no. of rooms, air-conditioning;
N: Location (Bilbao, Vitoria, Malaga, Seville); neighbourhood density, Ageing Index, Secondary, Life
Quality, Distance to: city, highway;
C:
X: Area, no. bath, no. rooms, floor level, balcony, living room area, air-conditioning, heating,
renovation, penthouse, duple/triplex, age, swimming pool, garden, lift;
N: Density, distance to CBD, average time to work, land use diversity, diversity of activities, average
age of buildings, presence of greenery, hospitals, education facilities, social services, cultural
premises, offices, industry, shops, education attainment, prevalence of doormen, socio-economic
status;
C:
X: New façade, heated floor area, age, energy source, ventilation type;
N: Local climate (days of frost/yr.), accessibility index (a measure of travel time);
C:
X: Heated floor area, age, district heating, ventilation type;
N:
C:
X: Dwelling type, age;
N: Metropolitan location;
C: Year;
X: Area, lot size, quality index, age, dwelling type, suggested energy efficiency improvements;
N:
C:
X: House type, age, floor area, no. bed, reception rooms, garage;
N:
C:
X: Age, no. bed, dwelling types, tenure;
N: Location (urban/rural), deprivation index;
C: Quarter;

Model fit (R2)
0.53

0.50

0.87

0.84

0.88

0.43

0.66

0.73

0.76

0.45

0.89

0.64

0.69
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Reference

Sample size

Source of listing or transaction data

Hedonic model factors (all studies included Energy Rating as a hedonic factor)
X: Age, number of bed, dwelling type, tenure;
Fuerst et al.,
62,464
Not stated
N: Post code, location (urban/rural);
2016
C: Quarter;
X: Age, size, no. bed, no. bath, garage, cooling equipment, swimming pool, renovation, sale due to
financial distress, views;
Kahn and Kok,
Sales data was obtained from a commercial
4,231
N: ZIP code, distance to CBD and public transport, no. of Prius, annual cooling degree-days, average
2014
data provider.
energy prices;
C: Quarter;
Transaction price data were collected from
X: No. bath, size, basement, garage size, façade, dining size, number of bed, deck;
Zhang et al.,
339
Family Multiple Listing Services, which provide
N: Location, ethnic makeup, empty units, no. units, growth in units;
2018
a centralized platform for real estate agents.
C: Month;
*This is from the pre-2010 model, post-2010 model had a slightly higher R2 of 0.66.

Model fit (R2)
0.51

0.90

0.83
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Qualitative summary of study findings
The key findings of each included study (including
specific price effects), the conclusions of the study and
any relevant comments are provided in Table 4.
The majority of studies reported a statistically significant
price premium for more energy efficient buildings, and a
statistically significant price discount for less energy
efficient buildings, however this was not universal. Out
of 27 included studies, four studies found price
discounts for energy efficiency, namely:


Three studies in Sweden (Cerin et al., 2014,
Wahlström, 2016, Hårsman, et al., 2016) found that
higher household energy consumption was
associated with higher transaction prices.
In Sweden at the time of the studies, the EPC was
based on the energy purchased for heating and
cooling and for household purposes during the
preceding twelve months. Wahlström (2016)
suggested that the reason for the observed price
discount for energy efficiency was that prospective
buyers base their expectations about future energy
costs on the house attributes rather than on the
energy consumption of the previous owner. This
study found significant price premiums for housing
attributes that improve the energy efficiency (e.g. an
18% price premium for the presence of groundsourced heat pump compared with electric only
heating).



One study in Japan also noted a price discount for
green rated buildings (Yoshida and Sugiura, 2015).
However, the price discount was only present for
new build sales, and did not appear in transactions
of dwellings over 2 years old. A second study in
Japan found a 4.8% price premium for green rated
apartments, compared with non-rated buildings.

The remaining 23 studies found evidence of a price
premium for properties with higher labelled energy
performance.
Considering the 17 studies which examined price
effects in jurisdictions operating under the EPC
regulations in Europe as a result of the EPBD, 14
reported a positive relationship between energy
efficiency and price (the 3 that did not are discussed
above). Typically, as these jurisdictions had mandatory
disclosure of energy efficiency, these studies reported
results as the premium associated with higher energy
grades compared to lower energy grades, rather than
compared to non-rated properties (Chegut et al., 2016
also reported results compared to non-rated
properties).

baseline of the sample average estimated energy
consumption. It must be noted that there are major
differences in the energy rating calculation method
across the various jurisdictions with EPBD EPCs, and
the ability to complete more detailed comparison is
limited.
The significant price effects from these twelve studies
are shown in Figure 2. Only effects which passed the
test of statistical significance at the 10% level are
shown. It is a limitation of the current study that findings
which did not meet this level of significance were not
explored in detail, other than to determine that nonsignificant effects broadly supported the significant
effects, with only very minor exceptions.
For studies which found significant price effects, the
effect was, with one exception, a premium for higher
grade properties, and a discount for lower grade
properties. Specifically, for A-grade buildings, price
premiums ranged from 4.5% to 10.2%. For A and B
grades, observed premiums ranged from 2.7 % to
27.9%.
The exception to this was Olaussen, et al. (2017), who
found a price premium for G grade buildings against an
F grade baseline. The explanation for this result was
that G grade was the default rating assigned to
buildings which had not been rated, and therefore the
grade did not necessarily accurately reflect energy
performance in this case.
Seven studies considered the effect of rated vs nonrated buildings for properties that did not have
mandatory disclosure at the time of the study, namely
Japan, Singapore and the USA. As noted above, the
two studies completed in Japan reported conflicting
results. Three studies from Singapore (Deng and Wu,
2014, Deng, et al., 2012, Addae-Dapaah and Chieh,
2011) found evidence of a price premium for green
rated buildings, ranging from 4% to 11.7%. Two studies
from the USA (Kahn and Kok, 2014, and Zhang et al.,
2018) found evidence of a price premium from rated
buildings of 5.3% and 11.7%, respectively.
Only one study was identified for Australia, in the ACT.
Fuerst and Warren-Myers (2018) found a significant
price premium for higher star rated dwellings, and a
significant price discount for lower star rated dwellings
against a 3-star baseline. This was true for both sale
and rental prices, although it is noted that in this
jurisdiction, disclosure is only mandatory for rental
properties where a rating exists (i.e. it is not mandatory
to get a rating).

Twelve of the seventeen EPBD EPC studies reported
results in a manner that allowed direct comparison, i.e.
they reported results as the price effect of different
grades on an A to G scale. The other five studies (Cerin
et al., 2014, Wahlström, 2016, Hårsman, et al., 2016,
Kholodilin et al., 2017 and Högberg, 2013) reported
results based on estimated consumption intensity
(kWh/m2.yr) from the energy rating certificate against a

18

Figure 2. Summary of the results from the studies in the present review study which considered EPBD EPC using the A to G Grade showing transaction/listing price premium as a function of EPC Grade,
compared to the baseline specified in the legend.
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Table 4. Additional methodological details and key findings of each included study
Reference

Sale Comparison Description

Study conclusions (relevant sections quoted directly from source)

Comments
In the study location disclosure is mandatory for
sale, but only mandatory for rental where a
rating exists (i.e. it is not mandatory to get a
rating to rent).
No premium found for higher star rating, likely
due to small sample size (n = 103 for 8,9,10
star buildings).

Fuerst and
Warren-Myers,
2018

Baseline: 3 star
Significant price effects: 0 (-3.1%), 1 (2.7%), 2 (-1.8%), 5 (2%), 6 (2.4%), 7 (9.4%);

The reported energy-efficiency level and other characteristics that are not part
of the formal assessment such as heating and cooling systems or the
presence of solar power generators are significantly reflected in rents and
sales prices

Jensen et al.,
2016

Baseline: D grade
Significant price effects: A/B/C pre-2010
(2.4%); A, B, or C post-2010 (10.1%)
Post 2010 Grade: A/B (6.2%) and C (5.1%) E
(-5.4%), F (-12.9%) G (-24.3%).

The advertising requirement (2010) had an impact on the effect of energy
performance rating of single-family properties on sales prices. Already before
the requirement, there was a positive relation between energy performance
rating and sales prices, but afterwards it became more distinct.

Fuerst et al.,
2016

Baseline: D grade
Significant price effects: A/B/C (1.3%).

We find a statistically significant price premium for the high-rated (ABC)
apartments even when controlling for the maintenance costs that incorporate
the housing company level energy usage.

Kholodilin et al.,
2017

Baseline: Average kWh/m2 in the sample
Significant price effects -0.05% per
additional kWh/m2

Energy efficiency is capitalised in house prices. Moreover, investors seem to
account for potential future energy and house price movements.

Hyland et al.,
2013

Baseline: D grade
Significant price effects: A (9.3%), B (5.2%),
C (1.7%), F/G grade (-10.6%)

Relative to D-rated properties, A-rated properties receive a sales price
premium of 9% and a rental price premium of just under 2%.

Stanley et al.,
2016

Baseline: C1 grade
Significant price effects: B1 (-2.8%), D2 (4.6%), E2 (-7%) G (-12.8%)
A 1 kWh/m2/yr reduction was associated with
a significant 0.03% premium.

The results from our model show that energy efficiency has a positive and
significant effect on residential property in the Dublin market.

Copiello and
Bonifaci, 2015

Baseline: G grade
Significant price effects: A (21.9%), B
(20.2%), C (17.4%), D (17.1%), E (9.5%)

It appears that the analysed real estate market could appreciate the energy
efficiency of buildings to an extent comparable to other cases in Europe.

Small sample size (n = 951).

Fregonara et al.,
2017

Baseline: F/G grade
Significant price effects: B/C (1%)

Considering each EPC level coefficient we noticed that only level “F” is
significant

Small sample size (n = 577), many relationships
not significant. Significant price premiums were
not found when considering individual grades
(4% premium from B to F at 10%).

An investigation of time on market did not
provide evidence of a liquidity effect of energy
ratings.
No significant price discount was observed for
lower rated buildings.
This study was able to differentiate between
sales for owner-occupation, and sales of
investment properties. Investment properties
were found to have a lower premium. - 0.02%
per kWh/m2
Disclosure is not mandatory in this jurisdiction,
uses Heckamn procedure to account for selfselection bias. Does not control for Age.
The Irish BER has grade divided into 15 steps,
namely G, F, E2, E1, D2, D1, C3, C2, C1, B3,
B2, B1, A3, A2, A1. Few statistically significant
results were identified likely due to the small
sample size. Less than 200 properties had an A
or B rating in this study.
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Reference

Sale Comparison Description

Study conclusions (relevant sections quoted directly from source)

Comments
The four evaluation items in the rating scheme
are: (a) quality of building insulation which
addresses reduction in the building’s heat load;
(b) facility energy-saving performance, which
addresses energy- saving systems; (c) lifespan
extension and (d) greening of the building,
which address lifespan extension, etc.,

Baseline: Not Rated
Significant price effects: Rated (4.8%)

A clear price premium for green-labelled condominiums both for asking and
transaction prices. Taking into account buyer characteristics, we find that
wealthier buyers are willing to pay a higher premium for green-labelled
properties, both in absolute and in relative terms.

Yoshida and
Sugiura, 2015

Baseline: Not Rated
Significant price effects: Rated (-10.8%)

The transaction price of a new green condominium is lower than that of its
non-green counterpart. However, the depreciation rates are lower for green
buildings than for non-green buildings. As a result, the transaction price of a
green condominium two or more years after construction is higher than that of
a comparable non-green building.

Study found lower depreciation rates for green
buildings, to the point that there is a green
premium after two years.

Chegut et al.,
2016

Baseline: C grade
Significant price effects: A (6.3%), B (2.0%).
D (-0.7%), E (-1.6%), F (-1.7%), and G (1.3%).
Baseline: Not rated
Significant price effects A (5.6%) B (1.1%).
D (-0.8%), E (-1.4%) F (-1.6%).

The results of our EPC labelled sample show that the most energy efficient
homes, homes with an energy label of A or B, command a higher transaction
price per square meter. We document that a dwelling with an A label
commands a 6.3% premium compared to an otherwise similar dwelling with a
C label, and this premium is 2.0% for homes having a B label.

Study only considered affordable housing stock
(31% of total housing stock).

Brounen and
Kok, 2011

Baseline: D grade
Significant price effects: A (10.2%), B
(5.5%), C (2.1%), F (-2.3%) and G (-4.8%); A,
B, C (3.6%).

Homebuyers are willing to pay a premium for homes that have been labelled
as more energy efficient, or ‘‘green’’. Our results show that this price premium
varies with the label category of the energy performance certificate and is
robust to variations in housing quality. The energy performance certificate is
instrumental in creating transparency in the energy performance of a dwelling
and seems to be an effective signalling device that is capitalized into home
prices.

Baseline: F grade
Significant price effects: B (18.9%), C
(12.2%), D (7.5%), and G (5.4%) (G is the
default rating.)

By utilizing data from the Norwegian housing market, we first use the hedonic
approach and manage to reproduce the positive price premium effect found in
Brounen and Kok (2011). However, when running hedonic regressions for the
period before energy labels were introduced in 2010, we find the same results
with respect to energy labels. Hence, the price premium seems not to be
caused by the energy labels. Moreover, when we check these results with a
fixed effect model, we find no evidence of a price premium after controlling for
the time invariant dwelling fixed effects. Hence, on the basis of our data, we
conclude that the energy label itself seems to have a slightly negligible or no
effect. Thus, our analysis identified a misspecification of the hedonic
regression model; the apparent price premium of the energy labels clearly
captures something else than an effect of the labels themselves. Indeed, we
face the problem of omitted variables being correlated with the energy label.

Fuerst and
Shimizu, 2016

Olaussen, et al.,
2017

Energy performance certification was not fully
mandatory in the Netherlands: homebuyers
were allowed to sign a waiver that to indicate
their acceptance of eth sale in the absence of
an energy rating. (In the study sample, more
than 25 percent had an energy label.) Low R2
Value (0.53).
The author find the same effect exists prior to
the introduction of EPCs (B 24.6%, C 11.5%, D
9.7%), which suggests that the hedonic model
is under-specified and is not accurately
capturing all information. This is further tested
using a fixed effects model, which confirms the
results from the hedonic models (although for
most label values the results are not statistically
significant).
Author explanations for the observed result are:
i) expected energy consumption is an omitted
variable driving the price premium, ii) aesthetic
appearance of a dwelling is correlated with the
energy label and is responsible for the positive
price effect, iii) prospective buyers are not much
concerned with the energy label.
Low R2 Value (0.5).
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Reference

Sale Comparison Description

Study conclusions (relevant sections quoted directly from source)

Deng and Wu,
2014

Baseline: Not Rated
Significant price effects: Rated (4.6%);
Individual Green Mark levels: Platinum
(11.4%), Gold Plus (8.2%), Gold (4.1%)
Certified (1.3%).

While we observe a statistically significant green price premium associated
with the Green Mark-rated dwelling units, consistent with Deng et al. (2012)
findings, further investigation points out that the premium is realized largely
during resale transactions, and is much smaller during the presale phase.

Deng, et al.,
2012

Baseline: Not Rated
Significant price effects: Rated (4%);
Individual Green Mark levels: Platinum
(14.3%), Gold Plus (2.3%), Gold (5.5%)
Certified (0.81%).

Our empirical analysis based on 697 individual projects and 36,512
transactions in the Singapore housing market suggests substantial economic
returns to green building. The two-stage estimation shows that the Green
Mark premium of four percent is statistically significant even after controlling
for community amenities.

Addae-Dapaah
and Chieh, 2011

Baseline: Not Rated
Significant price effects: Rated (11.69%);
Individual Green Mark levels: Platinum
(27.74%), Gold Plus (9.61%), Gold (9.64%)
Certified (12.97%).

The results clearly show that eco-labelling in Singapore commands a
premium. The premium ranges from an average of 9.61% for Green Mark
Gold Plus to 27.74% for Green Mark Platinum.

De Ayala et al.,
2016

Baseline: D/E/F/G grade
Significant price effects: A/B/C (9.8%)

MarmolejoDuarte and
Chen, 2019

Baseline: G grade
Significant price effects: A (7.8%), D (3.3%)

Wahlström,
2016

Baseline: Mean energy consumption
Significant price effects: 10% increase in
consumption will increase the sale price by
0.96%.

Hårsman et al.,
2016

Baseline: Mean energy consumption
Significant price effects: 10% increase in
consumption will increase the price by 0.68%

Our hedonic pricing estimations show that, all else being equal, homes
labelled A, B or C are valued at a 9.8% higher price compared to D, E, F or G
rated homes, while dwellings with an A, B, C or D grade have a 5.4% pricepremium compared to homes with E, F or G ratings.
The results of the hedonic models suggest that there is a market premium for
efficient rated dwellings. Thus, sellers of the best-rated dwellings are willing to
be compensated for a higher amount, everything else equal, when selling their
assets. As such, results suggest a market premium of +7.8%, +3.3% for “A”,
“D” ratings respectively in relation to the most inefficient rating “G”. The effect
of energy performance disclosure was found to vary by sector, from having no
impact in the modern apartment sector, to having a large impact in older
housing (12.2% A/G premium) and deficient housing (33.2% A/G premium).
Whether using all observations or sub-sets defined by year of construction,
region or type of energy system, our results do not support earlier findings of a
price premium for energy efficient housing — on the contrary they indicate that
the energy consumption has a positive impact on the transaction price.
However, the results also indicate a strong willingness to pay for several
housing attributes that reduce the energy consumption.
The price is higher the higher the assessed energy consumption, an anomaly
we cannot explain. It may be due to some unobservable housing attributes
influencing the price and the expected consumption in the same direction. It
may also be caused by differences between the assessed energy
consumption and the consumption expected by the buyers

Comments
At pre-sale the premium is 3.9%, while at resale
the premium is 13.0%.
Green mark includes Energy Efficiency, but also
Water Efficiency, Environmental Protection,
Indoor Environmental Quality and Other Green
Features and Innovation. Study found more
substantial price effects at the project level (as
opposed to the individual unit level).
Green mark includes Energy Efficiency, but also
Water Efficiency, Environmental Protection,
Indoor Environmental Quality and Other Green
Features and Innovation. Study found more
substantial price effects at the project level (as
opposed to the individual unit level).
Green Mark includes Energy Efficiency, but also
Water Efficiency, Environmental Protection,
Indoor Environmental Quality and Other Green
Features and Innovation. This study also
completed a willingness to pay survey, survey
results reported a premium of 5.47% for
Certified to 6.82% for Platinum.
Does not include time series function in hedonic
model, relies on stated sale price (rather than
actual transaction price). Low R2 Value (0.43).
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Reference

Cerin et al.,,
2014

Högberg, 2013

Davis et al.,
2015

Fuerst et al.,
2015

Fuerst et al.,
2016

Sale Comparison Description

Comparable results unable to be extracted

Baseline: Mean energy consumption
Significant price effects: 10% percent
reduction in consumption will increase the
price by 0.4% percent on average
Baseline: D grade
Significant price effects: B (27.9%), C
(4.8%).
A 1-point increase in the EPC score was
found to result in a significant 0.4% increase
in price.
Baseline: D grade
Significant price effects A/B (5%), C (1.8%),
E (−0.7%), F (−0.9%, G (-6.8%)
A 1% increase in the energy efficiency score
produces a 0.1% increase in predicted
dwelling price

Baseline: D grade
Significant price effects A/B (11.3%), C
(2.1%), E (-2.1%), (-4.7%), G (-7.2%)

Kahn and Kok,
2014

Baseline: Not Rated
Significant price effects: Rated (5.3%),
Energy Star Rated (4.7%).

Zhang et al.,
2018

Baseline: Not Rated
Significant price effects: Rated (11.7%)

Study conclusions (relevant sections quoted directly from source)
We found that energy performance was associated with a price premium when
it was conditional on the benchmark, age and sales-price class Results
suggest that it is premature to conclude that energy performance is fully
capitalized in the residential property market. The results show a significant
but small price discount on energy efficiency for the full sample, but for
different segments of the data the result is quite inconclusive.
The results indicate that home buyers do take into account the information
available in the EPCs and put a price premium on energy efficiency. The
marginal effect of a 1 percent decrease in standard energy consumption is an
increase in selling price by an average of 0.044 percent.
The results indicate a small but positive relationship between better energy
performance and higher selling prices. Nonetheless, the findings point towards
strong preference, demand tastes and a complex intra-relationship between
EPCs and their capitalisation into property value. Pertinently, the findings point
towards any energy-efficient-related price effect affect to be marginal
alongside more “quality”-based market behaviours
We find evidence of a positive association between price per square metre
and energy performance rating. Apart from the dwellings in the highest EPC
band, the findings for price growth are broadly similar. Whilst the causality
behind the energy efficiency price premium may be subject to debate, this
research has established the existence of such a premium in the English
housing market.

Drawing upon a large sample of house sales, we find a positive association
between dwelling price per square metre and energy performance rating.
There are statistically significant positive price premiums for dwellings in
bands A/B and C compared to houses in band D. For dwellings in band E and
F there are statistically significant discounts.

The results in this paper provide the first evidence on the importance of
publicly providing information about the energy efficiency and “sustainability”
of structures in affecting consumer choice. Green homes transact for
significantly higher prices as compared to other recently constructed homes
that lack sustainability attributes.
Homes that earn certification under the green certification programs
demonstrate a sales price premium of 11.7%.

Comments

Low R2 Value (0.45).

Grade results not reported.

Relatively small sample size, particularly for A/B
grade buildings. Using the linear result, moving
from the highest D grade (68) to the lowest B
grade (81) would be associated with a 5.2%
price premium.
The study also looked at whether more efficient
buildings had a faster rate of appreciation. For
the full sample, C-rated dwellings experienced
significantly higher price appreciation than Drated dwellings.
Error noted by current author between
conclusions and study body. Reported to
authors for clarification.
Study found reduced premiums when sample
was restricted in more modern buildings (Post2000). The price premium for A/B rated
buildings in this sample was 4.5%. The study
found C-rated dwellings have experienced
significantly higher price appreciation than Drated dwellings. Low R2 Value (0.51).
Both LEED and GreenPoint Rated include
broader sustainability features, beyond Energy
Efficiency. Restricting the sample to more
modern homes (to better match the green rated
sample) reduces the green premium to 3.9%.
Small sample size of certified buildings (n =
339). Rating schemes include broader
sustainability features.
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Quality, risk of bias and confidence in cumulative
evidence
There are a number of items to consider when
assessing quality of studies, risk of bias and confidence
in cumulative evidence.
Firstly, dwelling quality and energy efficiency are highly
likely to be correlated, and the assessment of a
dwellings quality is subjective. Therefore, all studies are
likely to suffer from some degree of unobserved
heterogeneity and omitted variable bias that can impair
the opportunity to draw unbiased inferences from the
results. Due to limitations of data, a study may omit a
variable which will influence the price paid for green
rated buildings. For instance, homes with higher energy
performance may also have higher dwelling aesthetic
quality, more modern kitchens, etc. One study,
Olaussen, Oust and Solstad (2017) found evidence that
the price premium which has been associated with an
EPC was present in the Oslo market prior to the
introduction of EPCs, suggesting that there may be
omitted variables influencing the price premium
observed in other studies. This issue requires further
research to improve confidence in existing results.
The issue of mis-specified or under-specified
econometric models is important. There is a wide
diversity in the range of factors included in the various
hedonic models used in the reviewed literature. This is
appropriate, as the factors which are important in
dictating house prices will vary according to location (for
instance, presence of Sauna is an important parameter
in the Helsinki market, but not likely to be so in markets
where it is not culturally important). However, the wide
variety makes it difficult to assess the appropriateness
of the included parameters. The adjusted R2 value is
typically used to indicate the degree to which the
hedonic model explains the observed variation in house
prices. In the reviewed studies, R2 value between 0.43
and 0.93 were reported, and there is no clear guidance
as to a threshold R2 value below which the model
should be considered under- specified, and the results
ignored.
Energy efficiency features are also likely to generate
direct and indirect benefits over time, both monetary
(through reduced energy and maintenance expenditure)
and non-monetary (for instance, through increased
comfort and amenity). The valuation of these benefits
by consumers will likely vary according to individual
assumptions/assessments about future energy price
changes, individual behaviour and appropriate discount
rates. It is not possible to account for these varied
valuations in quantitative price effect models.

Sample sizes also varied greatly in the current study
(n = 339 to n = 333,095), and it was often difficult to
ascertain the sample size of the green assets in
location where rating and disclosure was not
mandatory. The varying sample size is related to the
different spatial scopes of studies, i.e. some studies
assess premiums at a national level, other focus on the
city scale. Only price effects which met the test of
statistical significant at the 10% level have been
reported in the current review.

Overview of the excluded studies
Fourteen studies were excluded from this review at the
full paper review stage. A summary of the excluded
studies, including the reasons for their exclusion, is
provided in Table 5. Full reference details for these
studies are included in the reference list.
Table 5. Details of excluded full-text studies.
Reference
A. Ramos, PérezAlonso, Silva, 2015
Aroul and Hansz,
2012

Brocklehurst, 2017
Cajias, Fuerst and
Bienert, 2019
Cajias and Piazolo,
2013
Collins and Curtis,
2018
Dinan and
Miranowski, 1989
Feige, Mcallister
and Wallbaum,
2013
Gilmer, 1989
Laquatra, 1986
Marmolejo Duarte,
2016
Rodrigues, Garratt
and Ebbs, 2012
Yau, 2012

Zheng, et al., 2012

Reason for exclusion
Not a peer-reviewed journal
publication.
Analysed the impact of
implementing mandatory energy
efficiency provisions in the local
building code, by comparing a town
with minimum standards to one
without.
Conference proceedings
Only considers evidence of a rental
premium.
Only considers evidence of a rental
and valuation premium.
Willingness to pay survey, no
analysis of transaction or listing
data.
Pre 2003
No formal rating system used (i.e.
researchers assessed sustainability
of the buildings themselves)
Pre 2003
Pre 2003
Article not available in English
Only considers 2 case study
buildings.
Willingness to pay survey, no
analysis of transaction or listing
data.
No formal rating system used,
authors created bespoke 'green
marketing' index.

There was also some variation in the use of listing price
and transaction price across studies. Whilst there is not
expected to be a major difference between listing and
final sale price, it is possible that sellers may over-value
energy performance relative to buyers (or vice versa)
and a consistent difference between these two values
may exist.
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Review Limitations
The current rapid review was limited in scope by
definition. The tight exclusion criteria employed resulted
in a number of relevant studies not being considered for
inclusion. There are many studies which have explored
questions which are closely related to the current
review. Some of the obvious areas of relevance omitted
from the current review are:
 consumer willingness to pay for buildings with
higher energy performance through surveys of
prospective buyers;
 evidence of a rental price premium buildings with
higher energy performance;
 whether energy ratings were incorporated into
property valuations;
 Market premiums for energy efficient features of
a home in the absence of an energy rating.
Further, there is evidence of at least two highly relevant
studies published in the grey literature, namely:




Intelligence Service, et al., 2013. Bio Intelligence
Service, Ronan Lyons and IEEP (2013) Energy
performance certificates in buildings and their
impact on transaction prices and rents in selected
EU countries, Final report prepared for European
Commission (DG).
Australian Bureau of Statistics, 2008. Energy
Efficiency Rating and House Price in the ACT:
Modelling the Relationship of Energy Efficiency
Attributes to House Price: The Case of Detached
Houses Sold in the Australian Capital Territory in
2005 and 2006, Report Prepared for Department of
the Environment, Water. Heritage and the Arts,
Commonwealth of Australia, Canberra.

These studies were identified through snowballing, but
did not meet the criteria for inclusion as they are not
peer-reviewed journal publications.
The results from the reviewed studies do not lend
themselves to quantitative meta-analysis. Each real
estate market is unique, and the data available to
researchers is different for different markets. Thus, the
econometric models used in each study are different. It
may be possible to define a very simple hedonic model
based on the underlying data of these studies,
however, i) this was beyond the scope of the current
review, and ii) it is highly likely that any model
constructed in this way would be under-specified.

Summary and conclusions
The majority of papers in the current rapid review
supported the initial hypothesis of the existence of a
price premium for buildings rated as higher energy
performance compared with non-rated buildings, as
well as a premium for higher rated buildings. Four
studies, in Japan and Sweden, found evidence that
price premiums were associated with higher energy
consumption. This may be related to the local market
conditions, or to uncertainties in the econometric model
employed.
There was significant diversity in the magnitude of the
identified premium, as well as in the model which was
used to estimate the price effect. The reported premium
for A or B rated dwellings varied from 2.7% to 27.9%,
against a D grade baseline.
In assessing confidence in the evidence, the major
source of uncertainty relates to whether the hedonic
model is accurately incorporating all the relevant
parameters which may impact on the transaction price
of a house. One study, Olaussen, et al. (2017) found
evidence that the price premium identified through their
analysis of the Oslo market may be incorrectly
attributed to the certifications scheme.
On the balance of the current evidence, it seems likely
that dwellings with higher energy ratings will command
a sale price premium, all else being equal, in the order
of 5% to 10%. However, the presence and magnitude
of the price effect is likely to be strongly related to the
local real estate market dynamics.
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Figure 3. Review team members

Figure 4. Rapid review timeline
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Table 6. Workloads (in hours) of the team members for each main review stage
Review Stage

PC

DD

Team formation

7

7

Question refinement

2

14

Protocol preparation

2

7

Search and
screening

-

7

Data extraction

-

Synthesis / Report
Total

GK

MZ

CB

Total

5

2

21

8

1

28.5

7

1

17

3.5

2

-

21

3.5

2

-

26.5

3

21

3.5

8

2

37.5

14

77

14

32

6

143

3.5

Comments

12.5
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