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ABSTRACT

Environmental concerns and the rise in energy costs have heightened the focus on reducing
CO, emissions within the built environment. By concentrating on the office market in the
UK, where a significant portion of a service-based economy operates, progress towards
achieving emission reduction goals could be accelerated. Nevertheless, the speed at which
this sector can enhance its environmental impact and whether individuals are willing to
invest in energy-efficient measures and new energy-efficient buildings has remained uncer-
tain. This paper investigates the influence of varying Energy Performance Certificate (EPC)
ratings on the rental rates of office buildings in the UK, drawing on an extensive dataset
spanning the years of 2011-2021. Our research seeks to determine whether there exists a
willingness to pay for more energy-efficient office spaces by assessing whether there is a
rental premium associated with office building with higher EPC ratings. Furthermore, we
examine whether buildings failing to meet minimum energy efficiency standard (defined as
EPC ratings of F and G) experience rental discounts. Our findings, which take into account
heteroscedasticity and various disaggregations within the office market, consistently reveal a
willingness to pay for energy-efficient office spaces.
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Introduction (EPBD) in 2002. This directive provided a standardized
methodology for assessing a building’s energy perform-
ance. Member countries within the European Union
(EU) were mandated to ensure that all newly con-

structed or transacted buildings possessed an energy

Understanding the energy efficiency of commercial
buildings has gained increasing significance due to the
environmental impact of energy consumption as well
as its financial implications. Given that real estate

assets are heterogeneous and information asymmetry
exits between landlord, their agents, and prospective
tenants, a selection problem may arise where landlords
may offer poor quality products to the market (similar
to Akerlof, 1970). To address the potential problem
both market driven measures and policy interventions
have developed to improve the transparency of evaluat-
ing a building’s energy efficiency. In the UK, the policy
intervention takes the form of energy performance cer-
tificates (EPC), which provide a specific rating cat-
egory. The EPC rating serves as an informative market
signal of building quality, presented in an easily com-
prehensible format for prospective purchasers of the
property or tenants. The European Parliament intro-
duced the Energy Performance of Buildings Directive

performance certificate (EPC), thereby signalling their
level or category of energy efficiency. The directive’s
provisions were subsequently integrated into the legis-
lation of the United Kingdom (England and Wales) in
2007.

In the context of a non-domestic building in the
UK, “an EPC rating serves as an indicator of the cal-
culated annual CO, emissions associated with space
heating, water heating, ventilation, air-conditioning,
and lighting under normal circumstances” (Parkinson
et al., 2013, p. 1494). Once calculated, this asset rating
must be displayed in the form of an easy to read EPC
rating label of A4 (indicating the highest level of
energy efficiency) to G (signifying the lowest level of
energy efficiency). According to a report from the UK
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government, non-domestic buildings are responsible
for emitting 12% of the country’s CO, emission due
to powering and heating of the buildings. It is pro-
jected that appropriately 60% of the existing commer-
cial buildings will remain in use in 2050 (Business,
Energy & Industrial Strategy Committee [BEIS],
2019). The “Energy Act, 2011” was introduced in the
UK with the aim to meet the government target of
net zero carbon emissions by 2050.

The new legislation mandates that all investment
buildings (domestic and non-domestic buildings) in
England and Wales must meet a Minimum Energy
Efficiency Standard (MEES). The minimum standard
required is an EPC rating of E. The buildings with an
EPC rating of F or G on the EPC scale must undergo
improvements to achieve a rating of E or higher,
otherwise they will not be eligible for new leases.
Furthermore, starting on 1st April 2023, the same rule
would be extended to all existing leases. The aim of
the new legislation is to improve the energy efficiency
of buildings. However, the degree to which this legis-
lation will achieve its goals remains uncertain. Despite
the implementation of MEES, data availability issues
have made it difficult to evaluate its potential impact
and effectiveness.

Property owners may find a strong financial incen-
tive to enhance their Energy Performance Certificate
(EPC) rating through refurbishment or renovation, as
this can potentially lead to increased rental and capital
values. Consequently, they are more likely to comply
with MEES. Over time, this could result in a greater
supply of buildings with higher EPC ratings, though the
marginal financial benefits may start to diminish.
Concurrently, the demand for properties with higher
EPC ratings is also rising. This increase in demand is
driven by factors such as increasing awareness of cli-
mate change, escalating energy costs, market pressures
on companies to disclose their carbon emissions, and
growing expectations from both shareholders and ten-
ants for a commitment to achieving net-zero carbon
emissions. Empirical studies have further reinforced the
importance of buildings with high energy efficiency,
often indicated by a superior EPC rating. For example,
research conducted by Clayton et al. in 2021, as well as
Eichholtz et al. (2019), demonstrates that such buildings
can significantly reduce energy consumption.

Research on the influence of EPC ratings on the
value of commercial real estate in the UK has devel-
oped over the past 20 years. Early studies spanning the
period from 2000 to 2010 (e.g., Chegut et al., 2014;
Fuerst & McAllister, 2011a, 2011b; Fuerst et al., 2013),
were constrained by small sample sizes, possibly

reflecting the more recent introduction of legislation
during those years. While providing a theoretical
framework that has influenced subsequent debates,
these studies produced a range of different findings,
possibly reflecting the data sources used. Relatedly,
these investigations typically encompass buildings
with EPC ratings constituting less than 10% of the
total sample size. Most of these studies treat EPC as a
single variable and do not assess the impact of varying
EPC ratings on rental and property values, which
again may reflect data availability. Consequently, the
implications for property investors and policymakers
may be limited. Therefore, the results of these tests
should be interpreted with some caution.

Over the past decade, driven by new legislation,
mounting concerns about climate change, and the
growing compliance risk faced by both property owners
and tenants, there has been a surge in demand for
energy-efficient buildings, accompanied by an increase
in the supply of such properties. Nevertheless, it
remains uncertain whether the rent premiums or dis-
counts observed in earlier studies continue to hold true
and whether there are still discernible advantages to
investing in energy-efficient buildings. Furthermore, it
remains unclear whether properties that conform to the
legislative standard possess higher rental values com-
pared to those with EPC ratings that fall below the
MEES. Therefore this paper aims to investigate whether
higher energy efficiency as reflected in EPC ratings can
command rent premiums.

We investigate whether rental differentials exist
across various EPC ratings. Specifically, we will exam-
ine whether there is a premium associated with more
energy efficient buildings and a corresponding dis-
count for less efficient buildings including those fall-
ing below the MEES. We have utilized a large dataset
comprising office buildings situated across England
and Wales. The data pertaining to these office build-
ings, encompassing their physical attributes and rental
information, has been sourced from CoStar. For our
analysis, we have collected EPC ratings information
from the Department for Levelling Up, Housing, and
Communities, where EPC assessment and rating
reports are officially registered.

Notably, compared to earlier research, the propor-
tion of buildings within our dataset that possess EPCs
increased substantially, now constituting more than
50% of the total sample. Specifically, our study
encompasses 12,514 investment office buildings with
complete data as of the end of 2021. Among these
properties, 55% have valid EPC ratings, underscoring
the need for further efforts and actions to ensure



compliance with regulatory requirements. The 55% of
properties with valid EPC ratings give us a sample of
just under 7,000 observations upon which to test for
rental premiums or discounts depending on the EPC
ratings.

Although previous studies have shed light on rent
and value premiums linked to green buildings, often
represented by certifications such as BREEAM, LEED,
EPC, or Energy Star ratings, there is still a notable
absence of comprehensive evidence regarding the
returns on investment in energy efficiency enhance-
ments. This knowledge gap is perceived as an obstacle
to incentivizing investments in energy efficiency, as
illustrated by Kok and Jennen (2012). This hindrance
exists because, under lease agreements where energy
costs may be bundled together within service charges
and averaged across tenants in multi-tenant buildings,
tenants gain from reduced energy consumption, and if
they could directly perceive the advantages of energy
savings in energy-efficient buildings, they would likely
be more willing to pay higher rents.

This is the first study to examine the association of
varying ratings of EPC and rent premiums/discounts
for office buildings in the UK using a large sample.
The findings contribute to post-implementation evi-
dence into the effectiveness of the MEES regulation.
In this research, we employ a hedonic modelling
approach to estimate the implicit price relationships
among various attributes of office buildings, including
their EPC ratings. To ensure the robustness of our
findings, we assess and address heteroscedasticity
using Breusch Pagan, and White’s tests, subsequently
providing heteroscedasticity consistent estimates.

Our study further distinguishes results by region,
office submarket and local authority level. Additionally,
we explore key regional office market clusters and
London office submarkets given the spatial concentra-
tion of offices in London and the global importance of
this office market. The empirical findings suggest the
significance of accounting for heteroscedasticity in the
modelling approach, that are rental premiums for EPC
ratings of A, and B rated offices, while there are dis-
counts for less energy efficient offices. However, EPC
ratings of E and F rated office buildings do not com-
mand any rental premium over the least efficient prop-
erties with EPC rating of G. The results could suggest
that the market is responding to the MEES, signalling
its influence on commercial real estate sector.

The paper is organized as follows: Section
“Literature Review” presents the literature review, fol-
lowed by an explanation of the data and methodology
in Section “Data and methodology.” Following that,
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the paper discusses the test results in Section
“Empirical Test Results” before presenting the conclu-
sions in Section “Conclusions and Policy Implications.”

Literature Review

The majority of existing studies examining the influ-
ence of energy performance certificates, such as Green
Star in Australia, Energy Star in the U. S, and EPCs
in the UK, on the value of commercial real estate,
were conducted with the data between 2000 and 2010,
that is in the initial phase of the introduction of green
certifications. While these studies have yielded varying
results, contingent on factors such as the study dur-
ation, sample size, and data source, they contribute to
our comprehension of the enhanced asset value of
sustainable buildings and the financial incentives
deemed crucial for the promotion of green building
technologies (Darko et al., 2017; Zhang et al., 2018).
Here, we discuss specific findings regarding the
impact of energy efficiency labelling and varying
energy ratings on the rental value of office buildings.

Research on the U.S. commercial real estate mar-
kets has identified the existence of Energy Star premi-
ums. These studies have utilized data from CoStar
and have a focus on the 2000-2009 timeframe. These
studies often had relatively small sample sizes, with
the proportion of Energy Star-labelled buildings in the
sample accounting for less than 10% of the overall
dataset (e.g., Eichholtz et al, 2010; Fuerst &
McAllister, 2011a, 2011b; Robinson et al., 2017). For
example, Eichholtz et al. (2010) examined a sample
comprising approximately 10,000 office buildings,
encompassing both labelled and non-labelled struc-
tures. Their findings indicate that buildings with
Energy Star certification commanded a 3.3% rental
premium relative to their non-labelled counterparts. In
another similar study, Fuerst and McAllister (2011a)
investigated the U.S. commercial real estate market
using CoStar data. In their sample of 15,000 commer-
cial properties, the buildings with energy performance
certificates constituted merely 6% of the total sample,
yet they discovered that these Energy Star-certified
buildings commanded a 4% rental premium. While,
these studies did not differentiate the impact of differ-
ent energy efficiency ratings, possibly reflecting the
constraints of data availability, they are among the first
to provide evidence on the impact of energy efficiency
on the commercial real estate market.

Reichardt et al. (2012) conducted a study encom-
passing 7,140 buildings in the U.S., among them 25%
holding energy performance certifications. Their
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research found significant rent premiums for buildings
with an Energy Star rating. However, the magnitude
of the premiums exhibited variations and are not con-
sistent through the study period from 2000 to 2010.

Robinson et al. (2017) studied the impact of green
certifications of LEED (Leadership in Energy and
Environmental Design) and Energy Star on office
building rents in the U.S. market. Their study
involved 2,246 lease-level observations in 197 build-
ings in 20 major U.S. markets and the data for this
analysis were provided by CBRE, a real estate consult-
ancy firm. In addition to investigating the effects of
LEED and Energy Star certification, they extended
their analysis by incorporating the green variables
identified in previous research by Simons et al. (2014)
in their analysis. Their findings revealed the existence
of Energy Star premiums, but these premiums tended
to diminish when the model incorporated other sus-
tainable factors of the buildings. These sustainable fac-
tors included access to natural light, HVAC system
(Heating, Ventilation, and Air Conditioning), water
conservation, public transit, an electric car charging
station and more.

In their most recent study, Holtermans and Kok
(2019) examined the U.S. office buildings from 2004
to 2013, tracking the rental growth of 26,212 office
buildings. They found that office buildings with the
Energy Star certificate commanded a 1.5% rent pre-
mium compared with the ones without the certificate
and the premiums increase with the level of rating.

The decision by investors to invest in a building’s
energy efficiency can be attributed to the expected
returns on retrofitting and energy savings, even
though the energy cost savings benefit the tenants.
The amount of energy consumed by a building is
influenced by both the building’s energy efficiency
and the tenant’s behaviour. Recent studies shed some
light on this argument. For instance, Eichholtz et al.
(2019) found that office buildings with LEED certifi-
cation consumed 40% less energy. Additionally,
Clayton et al. (2021) examined the connection
between energy efficiency certificates (such as LEED)
in the US. and Building Owners and Managers
Association, (BOMA) in Canada and energy con-
sumption of office buildings in Canadian and U.S.
markets. They documented reduced energy consump-
tion in certified buildings, though their sample size
was small, consisting of 159 buildings.

The existing literature on EPC ratings and their
impact on commercial real estate in the UK is rela-
tively limited. These few studies available covered the
period from 2000 to 2010, employed different data

sources and yielded varying findings. For instance,
Fuerst and McAllister (2011b) were the first to study
the impact of EPC labels on rental and capital values
of UK commercial real estate using data from the
Investment Property Databank (IPD). Their analysis
included 708 properties across retail, office, and
industrial sectors throughout various regions. They
found no evidence of a significant relationship
between EPC ratings and rental values.

In contrast, subsequent studies by Fuerst et al.
(2013) and Chegut et al. (2014) found different
results. Fuerst, van de Wetering, and Wyatt (2013)
examined the EPC impact on office property rent in
the UK using CoStar data. Their sample comprised
817 office buildings with various EPC rating levels
over the period from 2008 to 2010. They found that
office space with EPC ratings falling within the A to
C range commanded significantly higher rents com-
pared to buildings with average EPC ratings at level D
or below. The premium seems to be driven more by
the age of these buildings, with older buildings bear-
ing EPC ratings of A to C or E to G experiencing
rent discounts. These variations in findings under-
score the complexity of assessing the impact of EPC
ratings on commercial real estate and highlight the
potential influence of factors like building age in shap-
ing rental dynamics.

Unlike the literature mentioned above, which pre-
dominantly employs the hedonic technique to exam-
ine the impact of EPC on office building’s rents and
prices. Parkinson et al. (2013) pursued a different
approach. They evaluate the relationship between valid
EPC, occupant satisfaction, and commercial office
rental values through a survey. They found that EPC
is significantly related to occupants’ satisfaction with
their workplaces, but not to the rental value of the
office buildings. Fuerst and McAllister (2011a) sug-
gested that energy certified buildings might improve
worker productivity, potentially linked to the provi-
sion of a more comfortable and higher-quality work
environment.

In other real estate markets, there have been differ-
ing findings regarding the impact of energy efficiency
on office space rents. Gabe and Rehm (2013) found
no significant impact of energy efficiency on office
space rent in Sydney. Their analysis encompassed 673
lease transactions in 102 unique buildings in the
Sydney central business district from January 2007 to
September 2011. The source of the data was from the
New South Wales Department of Land and Property
Information.



Newell et al. (2014) investigated the Australian
market and found that there exists an energy rating
premium or discount for 200 green office buildings in
the country. The magnitude of these premiums or dis-
counts was determined by the level of energy ratings,
with the top ratings commanding premiums and a
lower energy rating resulting in discounts. Kok and
Jennen (2012) explored the relationship between EPC
ratings and commercial real estate rental values in the
Netherlands from 2005 to 2010 period and found that
inefficient buildings with an EPC rating of D or below
experienced a rent discount of 6.5%. These diverse
findings illustrate that the impact of energy efficiency
on office space rents can vary significantly across dif-
ferent markets and regions, influenced by various fac-
tors including local market conditions, data sources,
and the specific criteria used to assess energy
efficiency.

The Effect of the Minimum Energy Efficiency
Standard (MEES)

Government regulations are widely acknowledged as
the key driver for the adoption of green buildings
(Darko et al., 2017). The introduction of the EPC has
helped stimulate awareness of energy efficiency man-
dates and serves as an environmental benchmark in
the property industry.

Under the Energy Act (2011), the UK Government
introduced the Minimum Energy Efficiency Standard
(MEES) in England and Wales. The standard estab-
lished the legally mandated minimum EPC bench-
marks for both domestic and non-domestic buildings
(RICS, 2018). From 1st April 2018, a minimum per-
formance standard was required to be met at the time
of letting. In compliance with associated regulations,
non-domestic landlords were obligated to have at least
an E rating on the EPC of all rented buildings. As of
the 1st April 2023, a lease to new or existing lease-
holders may not be granted if their commercial prop-
erty has an EPC rating within band F or G unless an
exemption applies. It is anticipated that the govern-
ment will review the standards and likely raise them
to cover all properties with an EPC rating of D by
2025 and EPC rating of B by 2030 (BEIS 2019).

McAllister and Nase (2019) examined the effective-
ness of MEES focusing on London office buildings
from 2011 to 2017, the period after the introduction
of the policy and before the policy implementation.
Their findings indicate that a mere 0.65% of the prop-
erties falling below MEES underwent modifications,
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indicating that commercial real estate was progressing
at a slower pace than legislators had anticipated.

Data and Methodology
Data

The data on office buildings were collected from
CoStar. The CoStar dataset comprises a range of
information, encompassing the building’s address,
physical characteristics including size, number of
floors, year of construction, renovation history, and a
variety of amenities such as food service, restaurant,
convenience shop, and bicycle storage, car charging
station, courtyard, and more. Though the CoStar data-
set contains information on the EPC ratings of the
building, this information is incomplete. To address
this limitation, we use EPC data from the Department
for Levelling Up, Housing and Communities from 1st
January 2008 to December 2021.

EPC assessment on non-domestic building can be
conducted for either the entire building or individual
unit within a building. The EPC rating could vary
from one unit to another within the same building.
Some units in a building have EPC ratings, while
others do not. Additionally, EPC rating is valid for a
period of 10 years. Some buildings or units underwent
reassessment during the period from 2008 to 2021,
while others have had EPC ratings assessed a decade
ago, with these ratings expiring by the end of 2021.

The filtering process for EPC data involves the fol-
lowing steps: (1). When there are multiple EPC rating
entries for the same building or unit within the same
month, we retain the entry with the superior EPC rat-
ing and discard the others. (2). For buildings that
have been reassessed since 2008, we retain the most
recent EPC ratings. (3). If less than 30% of the entire
building has been assessed with an EPC rating, we
classify the building as non-certified. (4). In cases
where the building is assessed unit by unit, we calcu-
late the EPC rating for the entire building as the aver-
age score of the EPC ratings of all the individual
units. In addition, the physical features of the building
and amenity characteristics are defined in Table 1.

There are 12,514 office buildings occupied by ten-
ants across ten regions in England and Wales with
complete information. Owner-occupier buildings have
been excluded from our study as we have no rental
data for these buildings.

Table 2 reports the information of EPC rating
across regions in England and Wales.

The data show a London bias, with 31% of office
buildings located in London. Of the total office
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Table 1. The definition of study variables.

Rent Asking rent per square foot per year

Size Net internal area

Floors 5L Buildings with less than 5 floors

Floor 10L Buildings with 5-10 floors

Floors 10G Buildings with more than 10 floors

Renovated Dummy variable equal to 1 if the building was renovated since 2000

Age Calculated as the years to 2021

EPC A Dummy variable equal to 1 if the building’s EPC rating is A.

EPC B Dummy variable equal to 1 if the building’s EPC rating is B.

EPC C Dummy variable equal to 1 if the building’s EPC rating is C.

EPC D Dummy variable equal to 1 if the building’s EPC rating is D.

EPCE Dummy variable equal to 1 if the building’s EPC rating is E.

EPCF Dummy variable equal to 1 if the building’s EPC rating is F.

EPC G Dummy variable equal to 1 if the building’s EPC rating is G.

Shower Dummy variable equal to 1 if the building has shower facility.

Central Dummy variable equal to 1 if the building has central heating system.

Conference Dummy variable equal to 1 if the building has conferencing facilities.

Restaurant Dummy variable equal to 1 if the building has restaurant service.

Aircon Dummy variable equal to 1 if the building has air-conditioning system.

Bicycle Dummy variable equal to 1 if the building has bicycle storage.

Atrium Dummy variable equal to 1 if the building has an atrium.

Out-of town Dummy variable equal to 1 if the building is located out of town.

EE Dummy variable equal to 1 if the building is located in the East of England.

EM Dummy variable equal to 1 if the building is located in East Midlands.

London Dummy variable equal to 1 if the building is located in London.

NW Dummy variable equal to 1 if the building is located in North West.

NE Dummy variable equal to 1 if the building is located in North East.

SE Dummy variable equal to 1 if the building is located in South East.

SwW Dummy variable equal to 1 if the building is located in South West.

Wales Dummy variable equal to 1 if the building is located in Wales.

WM Dummy variable equal to 1 if the building is located in West Midlands.

YH Dummy variable equal to 1 if the building is located in Yorkshire and The Humber

Submarkets We use a range of office submarkets within London and local authority level office markets.
Table 2. EPC certification and rating for offices across regions in England and Wales (%).

Total EE EM London NE NW SE SW WM Wales YH

EPC 55 52 52 56 57 59 56 54 53 48 56
A 1 1 1 1 1 0 1 1 1 1 1
B 5 4 3 6 6 5 6 5 4 4 5
C 19 17 19 16 21 24 19 21 20 21 20
D 20 20 19 20 18 22 20 18 17 16 20
E 8 8 9 9 9 7 8 7 9 5 9
F 1 1 1 1 1 1 1 1 1 1 1
G 1 1 1 1 0 1 1 1 1 0 1
No of buildings 12,514 980 587 3,864 434 1,260 2,099 1,003 1,000 426 861

Note: EE stands for East of England; EM for East Midlands; NE for North East; NW for North West; SE for South East; SW for
South West, WM for West Midlands, and YH for Yorkshire and The Humber.

buildings, 55% of the office buildings have a valid
ECP rating.' 2% of buildings carry EPC ratings of F
and G, below the legislation required. Taking these
findings into account, 47% of the office buildings cur-
rently in use are either non-compliant or lack an EPC
rating altogether. It is expected that, as the legislation
introduced in 2011, most properties with EPC ratings
of F and G will be taken off the market after 2025,
when compliance with MEES becomes mandatory.
There is no significant regional discrepancy across the
regions as shown in Table 2. The data in Table 2
show that there is still a long way to go for the policy
to be effectively implemented.

Table 3 reports the descriptive statistics of the key
variables for buildings with and without EPCs.

Certified buildings tend to command higher rent and
have smaller size, although with large standard devia-
tions. The average age of certified buildings is
53.09 years, slightly lower than the average age of
non-certified buildings at 53.24 years. 17% of the certi-
fied buildings have undergone renovation since 2000,
in contrast to non-certified buildings (14%). Certified
buildings are somewhat more likely to be located in
town (74%) compared to non-certified build-
ings (69%).

Figure 1 shows the relation between EPC and the
size of the buildings. The building with EPC rating of
A is the largest, followed by the buildings with EPC
rating of B. The average size of EPC rating of C to G
is similar.



Table 3. The descriptive statistics summary of key variables.
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Full sample EPC Non_EPC
Mean Std. dev No Mean Std. dev No Mean Std. dev No

Rent 25.66 18.71 12,566 26.40 19.44 6,939 24.753 17.74 5,627
Size 28,610 59,164.49 12,566 27,521 55,649.13 6,939 29,953 63,210.18 5,627
Floors 414 3.19 12,566 420 3.21 6,939 4.06 3.17 5,627
Age 53.16 59.99 12,566 53.09 57.53 6,939 53.24 62.9 5,627
Renovated 0.16 0.36 12,566 0.17 0.38 6,939 0.14 0.34 5,627
Out-of town 0.28 0.45 12,566 0.26 0.44 6,939 0.31 0.463 5,627
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48,988

50,000

40,000

30.000 28,008 27,985 27,991 27,984 27,984 27,962

20,000

10,000

A B C D E F G

Figure 1. EPC rating vs size of building (square feet).
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Figure 2. EPC and building age (measurement on vertical axis needs to be stated).

Figure 2 shows the relationship between EPC rat-
ings and the age of the building. 58% of the buildings
with EPC are 1-50years old and 42% of them are
over 50years old. Obviously, the building ages influ-
ence the energy efficiency proxied by EPC ratings as
shown in Figure 1. For example, 68% of the buildings
built during 2011-2021 have EPC ratings A and B.
They fall to 20% and 9% for the buildings aged
between 11 and 20years old and 21-30years old
respectively. The building’s ratings fall as the building
age grows. 2% of the building aged 21-50years old
are ranked F and G, below MEES. This ratio increased

to 6% for the buildings aged over 50years old, indi-
cating that age is one of the hurdles to improving
office buildings’ energy efficiency and meet the
requirement of the legislation.

Methodology

The rent paid for office occupation is the outcome of
a bargaining process between tenant and landlord (or
their agent) and will reflect market conditions as well
as a range of other influences including the environ-
mental aspects of an office block. Fuerst and
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McAllister (2011a) suggest that tenants can benefit
from energy efficient buildings through reduced oper-
ating costs, higher productivity due to a better work-
ing environment that reduced sickness and other
reasons for absence, and improved competitiveness
due to enhanced image and possible promotional
advantages of “greening.” Therefore, we expect, a pri-
ori, that there will be a positive rental premium for
more energy efficient buildings, i.e., those with EPC
ratings of A or B, as demand rises relative to supply
in the short run. A discount might also be expected
for offices with EPC ratings of F or G, as demand falls
relative to supply. This discount is more likely too if
the market is beginning to revalue offices given the
impact of MEES regulations.

Offices can be considered as providing a vector of
characteristics that are bundled together in a leasing
contract to a tenant. Following Rosen (1974) and
adapting to a hedonic model for office rents we have:

R; = XzB + & (1)

where the dependent variable (rent per square foot) is
regressed on a vector, X, of office characteristics.
These can be subdivided into office amenities, loca-
tion, and energy performance characteristics. The sto-
chastic disturbance term, ¢, is assumed to follow the
standard assumptions of zero mean and constant vari-
ance. The model in (1) is estimated in log-linear form
as:

N
InRent; = o+ B, Z Characteristics
N - N (2)
+ B, Z EPCratings + B Z Locations + ¢;
i=1 i=1

Where the log rent is regressed on characteristics
including the availability of conference facilities, air
conditioning, bicycle storage, whether the building has
an atrium, shower facilities, a restaurant, car charging
point, convenience store, roof terrace, and different
architectural features. We further include the EPC rat-
ings A to G with G (or F plus G) being set as the
excluded category. In line with a priori expectations,
we expect a positive value on more energy efficient
buildings to represent a rent premium that tenants are
prepared to pay to lease such space. Also, we include
a range of locations to control from spatial differences
in rent paid. Separate regressions are run for regions,
London office submarkets, and the main regional
office market centres. This also reflects the fact that
investment in the office stock is highly geographically
concentrated in key urban centres with very little
investable stock in much of the country (see Byrne &

Lee, 2006). Finally, the disturbance term is assumed to
have zero mean and be homoscedastic. However,
given that our data are cross-sectional, and that the
office market is highly heterogeneous it is likely that
the error term does not meet these assumptions.
Therefore, we test for heteroscedasticity using
Breusch-Pagan and White’s tests. Breusch and Pagan
(1979) is an example of a Lagrange multiplier test and
checks for a linear form of heteroscedasticity. The
White test (see White, 1980) is a more generic test. It
replaces the unknown error variance with estimated
residuals variance. We report results with heterosce-
dasticity-consistent standard errors (i.e., robust stand-
ard errors) in the estimated models below.

Empirical Test Results

The first hedonic regression based upon Equation (2)
is applied to standard regions. Table 4 presents the
regression results.

The results reported in Table 4 for the regional
rent model have an adjusted R-squared of just over
68%. The variables of interest have the expected signs
a priori. There is evidence of rental premiums for
more energy efficient office buildings. An EPC rating
of A has a rental premium of almost 15%, EPC rating
of B, a premium of over 10%, and EPC rating of C a
smaller premium of 4% over the excluded category of

Table 4. Regional rent model.?

Robust
Coefficient Std. Error

Intercept 247K (0.034)
EPC A 0.148*** (0.041)
EPC B 0.106*** (0.016)
EPC C 0.042%** (0.01)
EPC D 0.026*** (0.01)
EPCE —0.007 (0.015)
EPC F 0.073%** (0.04)
Shower 0.092%** (0.012)
Central —0.028** (0.012)
Conference 0.038** (0.016)
Aircon 0.096%** (0.008)
Convenience —0.068** (0.029)
Restaurant 0.025 (0.016)
Bicycle 0.068*** (0.014)
Atrium 0.108*** (0.014)
Age (<50yrs) —0.152%** (0.016)
Age (<40yrs) —0.087%** (0.012)
Age (<30yrs) —0.059*** (0.012)
Age (<20yrs) 0.001 (0.011)
Age (<10yrs) 0.058*** (0.019)
Floors10L 0.239%** (0.011)
Floors10G 0.235%** (0.022)
Out of Town —0.063*** (0.009)
Renovated 0.108*** (0.01)
Regions Yes
Adjusted R? 0.683
No. 6,939

Note: *** and ** stand for significance at 1% and 5%. °Region variable
results are not reported here, but available upon request.



Table 5. Tests for heteroscedasticity in the regional rent
model.

Chi-square df Sig.
White test

757.853 505 <.001
Breusch-Pagan test

2.193 1 139

the EPC rating of G. Combining F and G excluded
categories did not significantly change these results,
this also held true for other sample disaggregations.
EPC ratings of E and F are not statistically signifi-
cantly different from the EPC rating of G. This may
suggest that the market is beginning to react to MEES
regulations.

Of the property characteristics, having an atrium
has the largest positive impact on rent followed by air
conditioning and the provision of shower. Having a
convenience store had a negative effect. Building age
often had significant rental effects, with older build-
ings reducing rent and the newest buildings, built in
the last ten years, having a positive rental impact.

For regional location, the North East of England
(NE) is the excluded category. Most regions have ren-
tal premiums over the North East except for the East
Midlands (EM). Unsurprisingly London has the larg-
est rental premium followed by the South East (SE).
Taller buildings also command higher rents as do ren-
ovated buildings with lower rents for out of town
locations.

Table 5 reports heteroscedasticity tests for the
regional rent model presented in Table 4. The White
test cannot reject the null hypothesis of heteroscedas-
ticity while the Breusch-Pagan test rejects the null of
heteroscedasticity. As White’s test is more generic,
this still supports adopting robust standard errors in
the model estimates presented in Table 4.

As London is the most important office market in
the UK and a major global office centre, we run the
model for the London office market and provide esti-
mates for London office submarkets in Table 6.

The results for London in Table 6 show an
adjusted R-square of 48%. Again, there is evidence of
a rental premium for more energy efficient buildings.
EPC rating of A has a premium of over 15% and EPC
rating of B, a premium of 11.4%.

The location submarkets show mostly highly sig-
nificant effects on rent with the West End having the
largest effect followed by the Midtown and City of
London office markets. These location effects mostly
dominate the EPC effects suggesting the importance
of proximity and agglomeration economies. These
submarkets, however, have also seen a concentration
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Table 6. Rent model for London office submarkets.?

Robust
Coefficient std. error

Intercept 3.438%%* (0.041)
EPC A 0.152%** (0.046)
EPC B 0.114%** (0.019)
EPC C 0.014 (0.016)
EPC D —0.009 (0.014)
EPCE —0.033* (0.02)
EPC F 0.051 (0.051)
Shower 0.036** (0.015)
Central —0.05%* (0.021)
Conference 0.058%** (0.019)
Restaurant 0.035* (0.02)
Aircon 0.047%** (0.013)
Convenience —0.033 (0.032)
Bicycle_ 0.083*** (0.016)
Atrium 0.082%*** (0.02)
Age (<50 yrs) —0.085%** (0.024)
Age (<40 yrs) —0.074%** (0.017)
Age (<30 yrs) —0.06*** (0.023)
Age (<20 yrs) 0.048** (0.021)
Age (<10 yrs) 0.053%* (0.022)
Floors10L 0.073%** (0.013)
Floors10G 0.1%** (0.025)
Renovated 0.065%** (0.013)
Submarket Yes
Adjusted R? 0.484
No 3,854
Note: *** ** and * stand for significance at 1%, 5% and 10%.

aSubmarket variable results are not reported here but available upon
request.

Table 7. Heteroscedasticity tests for the London rent model.

Chi-square df Sig.
White test

373.643 364 352
Breusch-Pagan test

68.682 1 <.001

of newer, taller, and more energy efficient and
“green” buildings. Office building amenities have
similar effects as with regional and disaggregated
models above. Taller buildings have higher rents as
do renovated office blocks. Building age variables are
always significant, the newest buildings having rent
premiums and the older buildings rent discounts
(Table 7).

The heteroscedasticity tests for the London rent
model have conflicting results. White’s test does not
find heteroscedasticity test whereas the Breusch-Pagan
test suggests the presence of heteroscedasticity. In this
case, we again run robust standard errors to take this
into consideration. Finally, we model rents for the key
regional office markets. The results are presented in
Table 8.

Regional office centres included are Bristol,
Birmingham, Leeds, and Manchester, these being the
largest centres in England outside of London. The
explanatory power is lower for this model than the
other models presented which suggest some caution
should be taken with result interpretation. However,
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Table 8. Key regional centres rent model.?

Robust
Coefficient Std. Error

Intercept 2.885%%* (0.093)
EPC A 0.018 (0.087)
EPC B 0.122%%%* (0.033)
EPC C 0.028 (0.029)
EPC D —0.002 (0.029)
EPCE —0.001 (0.047)
EPC F —0.029 (0.083)
Shower 0.054 (0.033)
Central —0.065** (0.031)
Conference 0.053 (0.045)
Restaurant —0.033 (0.041)
Aircon 0.0771%** (0.024)
Convenience -0.16 (0.223)
Bicycle 0.098*** (0.037)
Atrium 0.115%** (0.032)
Age (<50 yrs) -0.05 (0.046)
Age (<40 yrs) 0.009 (0.043)
Age (<30 yrs) 0.008 (0.036)
Age (<20 yrs) 0.084** (0.034)
Age (<10 yrs) 0.206%** (0.059)
Floors10L 0.114%** (0.026)
Floors10G 0.168%** (0.04)
Renovated 0.092%** (0.025)
Regional center Yes
Adjusted R 0.191
No 686

Note: *** and ** stand for significance at 1% and 5%. °Regional office
centre variable results are not reported here, but available upon request.

Table 9. Heteroscedasticity tests for the regional centres rent
model.

Chi-square df Sig.
White test

205.439 217 .703
Breusch-Pagan test

19.622 1 <.001

we find a rental premium for EPC rating of B of just
over 12%. EPC rating of A is not statistically signifi-
cant. This may reflect fewer EPC A rated properties
located in these cities and may also reflect a sample
size effect.

In relation to building amenities, having an atrium,
air conditioning and bicycle storage have positive
effects on rent as does being located in more modern
and taller buildings.

The results for heteroscedasticity tests are again con-
flicting with the Breusch-Pagan test indicating the pres-
ence of unequal variance, while White’s test suggests
homoscedastic variance of the residuals. Given the lower
power of the rent model, the smaller sample in this par-
ticular model, and the relationship between this, pos-
sible missing explanatory variables and heterogeneity we
run heteroscedastic consistent estimates in Table 9.

The different sample disaggregations reveal a statis-
tically significant willingness to pay higher rents for
office properties that are more energy efficient. All

sample disaggregations indicate a rental premium for
EPC B rated properties. EPC A rated properties con-
centrate in London, and this impacts the results for
the overall regional model as well as the London office
submarkets model. Compared with other UK studies
that separate various EPC ratings, these results show
quite strong effects but with some similar magnitudes
as compared with, for example, Fuerst et al. (2013).
The effects were stronger than those found for offices
in Australia and the Netherlands.

Conclusions and Policy Implications

This paper has attempted to address the issue of
energy efficiency and whether there is a rental pre-
mium that occupiers are willing to pay for buildings
that are more energy efficient as captured by the EPC
ratings in the UK commercial real estate market.
Building upon Rosen’s (1974) hedonic modelling
approach, we estimate hedonic rent models for differ-
ent data disaggregations and examine the effect of
EPC ratings on office rents.

Interestingly when examining various spatial disag-
gregations and configurations, the results are highly
consistent. They show that there is substantial and con-
sistent evidence of rental premiums for more energy
efficient buildings. EPC rating of A and B command
statistically significant rental premiums ranging from
10% to 15%. Even in the case of the regional centres
there is evidence of EPC B properties’ tenants being
willing to pay 12% more to occupy these properties. In
the disaggregated, regional, and London models, the
EPC rating of A consistently commands a rent pre-
mium of around 15%. Furthermore, the results suggest
that EPC ratings of E and F have no premium over the
lowest EPC rating of G. As noted by McAllister and
Nase (2019), MEES can be viewed as a policy response
to address perceived market failure to remove energy
inefficient properties from the rental/investment mar-
ket. Post implementation evidence that is presented
here suggests that the market may have begun to take
the MEES regulations into the pricing of office proper-
ties into consideration. Nevertheless, this change seems
to be slow, and the outworking of the policy may also
be reflected in vacancy rates and the supply of stock to
the market, where the least energy efficient stock is not
renovated but simply removed from the office rental
market. In fact, recent government policy change allows
large offices to be converted into residential accommo-
dation within permitted development rights rather than
requiring full planning permission. Although this
approach has been critiqued by Callway et al. (2024), it



can be seen to address the MEES requirement whilst
also addressing concerns regarding housing affordabil-
ity even if some remediation would still be required.

A notable consideration in analysis of hedonic rent
models using a single cross-section of data, albeit
with a large dataset, is the issue of heteroscedasticity.
We have explicitly tested for heteroscedasticity in
each model estimated and run heteroscedasticity con-
sistent estimators and presented these in the results.
In this paper, heteroscedasticity relates to the wider
issue of heterogeneity in the office market. There
may still be missing variables that if they existed
would help to reduce this issue. Despite we have a
long list of amenities, many of which have been stat-
istically significant, there may still be more variation
in office stock across locations that remain hard to
capture. Nevertheless, the estimated models find con-
sistent evidence of rent premiums for more energy
efficient offices.

Note

1. Valid ECP rating is defined as one where more than
60% of the building space has been assessed since 2011.
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