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Foreword
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This research was commissioned by the Royal Institution
of Chartered Surveyors to understand how to quantify
and predict the impacts of climate change on UK and
European property.
Specifically, it set out to:
• Establish the effects of external temperature rises on
carbon emissions from the UK commercial real estate
sector;
• Establish trends for the different use classes;
• Identify the building-specific and locational
characteristics that determine building-related
emissions;
• Assess the importance of the behavioral aspects of
climate change;
• Explore the impacts of time effects on building-related
emissions;

“This interesting and thought
provoking paper sets out to quantify
the impact of climate change on the
way we will heat and cool buildings
in the future. It highlights the very real
risk of climatic obsolence in certain
types of buildings with implications
which are of enormous relevance to
policy makers, investors and to our
profession as a whole.”
“James Wyldbore-Smith, Associate Director
CBRE, Investment Valuation and Advisory Services

• Establish a business case for the mandatory roll out
of Display Energy Certificates across all sectors.
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Introduction

Model development

The past 30 years have seen an unprecedented rate
of change in European and global climates, with
temperatures rising nearly twice as fast as over the
previous 100 years. In the UK, temperatures have risen
by over 1°C during this time, faster than the global
average. Extreme events – flooding, heatwaves and severe
windstorms – have become common occurrences.

This research used DEC records from 64,803 assessments
carried out during 2008, 2009 and 2010 obtained through
a series of freedom for information requests. These records
contain detailed information on actual annual energy use for
a range of non-domestic buildings in England and Wales.
The research combines these data, for the first time, with
the comprehensive and authoritative data on predicted
changes in UK climate conditions produced by the UK
Climate Impacts Programme1. It also draws on data from
the Ordnance Survey, the Met Office, the 2001 Census and
a range of government statistics and publications, to create
as complete a picture as possible of the characteristics of
each building in the sample.

The most likely predictions of future climate change
suggest summer temperatures throughout most of the UK
will be 4-5°C higher than today by the 2080s, whilst rainfall
levels may rise by 10-30% in the winter and fall by 20-30%
in the summer. For most of England and Wales, sea levels
are likely to rise by 50cm by 2095. Similar patterns are
predicted throughout Europe.
This research examines the impact of the changing
climate on the operating costs and carbon performance
of non domestic buildings. It contends that to understand
the likelihood and size of these impacts, we need to tackle
the issue on a micro level, analyzing how performance
is linked to specific locations, asset characteristics and
occupant types. It concludes that during this century
climate impacts will create winners and losers in
commercial real estate, with some asset types
benefiting from substantial reductions in costs and
others pushed to performance extremes placing them
at risk of climatic obsolescence.
The aim of this research is not to completely resolve these
issues but to set the scene and establish some basic
methods of analysis and initial estimates of the impacts.
The emergence of data on actual building emissions,
through Display Energy Certificates (DEC) and Post
Occupancy Evaluation studies, enables others to develop
this work in the future with increasingly more accurate
probabilistic models of the impacts of future climate
changes on the built environment.
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1 UKCIP data are freely available at www.ukcip.org.uk.

The basic method of estimation employed is a Ricardian
climate change model, which uses actual observed
variations in energy usage in response to changes in
existing climate conditions. To improve the identification
of individual climate effects, some basic building physics
parameters were also used. The Ordinary Least Squares
regression technique was used, with entity and time fixed
effects to control for unobservable characteristics not
correlated with the influence of climate on energy demand.
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Findings
The model shows that, for every degree of warming in
the mean temperature in a given location, heating energy
demand in an average building in the sample decreases
by 322kWh (although this effect is not linear), whilst
electrical energy demand increases by 9.4kWh. However,
energy demand is resilient to short-term fluctuations in
temperature, suggesting that thermal mass has an
important role to play in its energy performance.

Figure 1

Assuming constant prices, overall energy demand and
operating costs are predicted to decrease in the short
term, as increased electricity costs are more than
compensated for by reduced heating costs. For office
buildings, the aggregate annual saving across England
and Wales by 2030 is predicted to be in the region of
£405million (2010 prices).

Aggregate change in operating costs across England and Wales (constant prices)
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Source: Sturgis Carbon Profiling

These savings are likely to be sensitive to the price
increases of different fuels, which may remove much of
the short term benefit, although this is beyond the scope
of this research. For building owners, this would represent
a ‘double whammy’ effect whereby electricity price
increases intended to finance the de-carbonisation of
the National Grid will be weighted towards business
consumers rather than households, whilst temperature
rises will lead to increased demands for electricity-based
cooling systems.
In the longer term, as demand for heating energy
approaches zero in some areas of the country, increases
in electricity energy demand become more important
determinants of operating cost and overall costs begin
to rise again. For office buildings, the overall savings in
operating costs, predicted to be £3.98 per square metre
in 2030, fall to £2.37 by 2060 and £0.80 by 2100.
Whilst these findings indicate potential short term savings
in the UK, other locations in Europe, especially the south,
are likely to be far less fortunate as increases in cooling
demand will be the main determinant of costs.

The findings above are all based on the medium emissions
scenario developed by the IPCC and used by UKCIP to
predict climate change in the UK. However, IPCC and
UKCIP also use two alternative scenarios based on high
and low emissions, to reflect the range of uncertainty
involved in climate change predictions. A major element
of this uncertainty lies in the success, or otherwise, of
current and future international, national and local policies
and actions to limit emissions.
Under the high and low emissions scenarios, energy
demand and operating costs show an increasing
divergence, with cost savings per square metre (£1.82
for office buildings under the low emissions scenario)
replaced by additional costs of £0.42 under the high
emissions scenario.
The long-term impact on operating costs differs by use
class, depending on the balance between heating and
electricity demands and the level of initial demand. For
hospitals, for example, cost savings remain relatively
stable in comparison to office buildings.
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Predicted change in operating
costs in office buildings in the
long term (under low, medium
and high emissions scenarios)

Figure 3
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To explore spatial variations in the distribution of climate
impacts, the research also uses Geographic Information
System (GIS) modelling to embed quantitative data within
vector-defined digital maps.
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Source: Sturgis Carbon Profiling

Figure 4

Predicted change in operating
costs in offices by 2030
(medium emissions scenario)

Contains Ordnance Survey data © Crown copyright and database right 2011

Source: Sturgis Carbon Profiling
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Conclusions
Changing climates have influenced building design and
performance throughout history and will continue to do
so. Our research has uncovered the key variables driving
these responses today.
The key findings of this research indicate that operating
costs are likely to fall in the short term but to rise again
in the long term. The point in time where gains turn into
losses has been shown to be determined by asset type,
location and the success of our actions to limit
greenhouse gas concentrations.
Although this research has focused on England and
Wales, the model developed is equally applicable to other
European locations. From a European perspective, the
range of predicted temperature changes suggests an
even greater polarization in energy demand and operating
costs, with southern Europe particularly vulnerable to
the impact of the warming climate.
As the effects of climate change begin to take hold, many
buildings will face the risk of climatic obsolescence, as
they will no longer be capable of providing comfortable
internal environments within the constraints of their
existing central plant and building design. This should
be of particular concern to owners of buildings with high
requirements for cooling that have not been future-proofed
to deal with near term temperature rises.
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1.1 Aims
This research begins a process of establishing the
implications of climate change for a range of real estate
asset classes across England and Wales. It aims to
express the effects of climate change in terms of the
carbon performance of buildings, to estimate the
negative and positive feedback effects and impact
on operating costs.
The aim of this research is to identify potential long-term
financial risks associated with particular types of
commercial building and to contribute to establishing
a business case for mitigation and adaptation strategies
that can target the most vulnerable business classes.
A distinction is drawn between mitigation (reducing carbon
emissions and so reducing the risks associated with
climate change in the long term) and adaptation
(responding to the impacts of climate change), although
both have a role to play.
The research focuses on understanding the complexity
of modelling these impacts in the context of buildings,
and uncovering which factors give rise to these different
effects. It is anticipated that over time many subsequent
refinements may be made to the process identified here,
bringing further accuracy to these results and improved
predictive power.
We also consider the implications of climate change for
commercial real estate across Europe and identify how
our basic model could be developed further to make
these predictions more robust.

This research has been made possible only with the
release of 64,803 Display Energy Certificate (DEC)
records, secured with the help of the Urban Land Institute,
which facilitated several Freedom of Information requests
to obtain these data. Since October 2008, the display and
annual up-dating of DECs has been a mandatory
requirement in all public sector buildings in England and
Wales over 1,000m2 in size and regularly visited by the
public2. This requirement came into force as a result of the
Energy Performance of Buildings Regulations (2007)3, as
a means of allowing members of the public to see how
organisations providing public services perform on an
individual building basis. Private sector bodies can choose
to provide DECs but are not obliged to do so.

2 Department for Communities and Local Government, 2008
(England and Wales) (Amendment) 2007

• how does the amount of energy required to heat a
particular building type change when temperatures rise
by 1°C on average?
• what impact does a wider temperature range have on
demand for heating or electricity (which may be used
to provide cooling) within a building?
• how does the number of sunlight hours in a particular
location affect demand for electricity (which may be
used to provide lighting)?
The size of the sample is significant because in studies
involving only small samples of buildings (less than 1,000)
the averages observed could be significantly biased by
unobserved characteristics belonging only to that sample,
resulting in findings which are not representative of other
similar buildings. The ability to measure ‘average’ impacts
accurately is thus of great importance.
The DEC data have two other important characteristics:
they provide repeat measurements for individual buildings
on an annual basis, and precise location details. These
characteristics allow the analysis to wash away
unobservable building-specific and locational biases
such as:
• unusually high energy demands due to
occupant-specific behaviour;

1.2 Methods
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DECs contain detailed information on the actual energy use
and carbon emissions of a range of non-domestic building
types. This dataset provides a crucial contribution: allowing
for the first time the analysis of actual energy use in a
sufficiently large sample to accurately identify the average
impact of small discrete climate changes. It allows us to
answer questions such as:

• unusually low energy demands in particular locations
due to very local climatic influences that cannot be
measured;
• time trends affecting occupants’ behaviour.
This research has combined DEC data with datasets from
other sources (described more fully in Section 3), using the
OLS (Ordinary Least Squares) method of regression
analysis. Average demands per building for both heating
and electricity were estimated based on the regression
coefficients from the final estimation model, holding all
non-climate variables constant and altering the climate
variables according to the UKCP09 projections produced
by the UK Climate Impacts Programme (UKCIP).
The impacts on different asset classes were estimated in
the same way, with the inclusion of dummy variables to
represent asset type and interaction terms. The data were
then illustrated in a series of maps using Geographic
Information Systems (GIS).

3 The Energy Performance of Buildings (Certificates and Inspections)
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1.3 Limitations of the research

1.4 Structure of report

This report recognises that modelling future changes in
energy demand is complex and that the research can only
make tentative inroads into this complex subject. Given
the scale of this task, the primary focus has been to
examine how energy demand will change for different
asset types, and to explore the directions of overall trends.
To facilitate this process, some simplifications have been
made, and the following issues would be worthy of further
research in the future:

This research progresses in five stages. Section 2
explores the background issues, identifying evidence of
existing climate impacts on buildings and some basic
principles of building physics theory underlying energy
demand in buildings. Section 3 provides a detailed
description of the modelling techniques and data used.
Section 4 presents and discusses the initial model
parameter findings. Section 5 incorporates these
parameters into a range of climate change scenario
models and presents the results through a series of
impact maps. Section 6 provides a discussion of the
results and makes recommendations for further research.

• the capacity of retrofitting to improve performance and
limit the impacts of climate change on buildings;
• the long-term effects of behavioural change in response
to influences such as enhanced environmental
awareness, higher fuel costs and carbon taxes;
• the capacity of alternative means of generating energy
at potentially lower cost and higher efficiency than
on-site small-scale adaptations (for example, district
heating and cooling systems);
• uncertainties surrounding grid decarbonisation;
• overcoming the limitations of the sample (certain biases
are inherent within the data as DECs are not currently
mandatory for all non-domestic buildings);
• better specification development, further exploring
interactions between variables and adding more control
variables to enable more accurate identification of
effects and causes.
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2.1 Historical evidence
Over the centuries, architectural styles and construction
techniques have evolved in response to the environmental
conditions of the region: buildings in northern Europe tend
to have steep roofs and overhanging eaves to project rain
and snow away (Figure 1), while shallow or flat roofs and
narrow streets are common in southern Europe, where
rainfall levels are low and the need for shade from the sun
is high (Figures 2 & 3).

Figure 1

Steep roofs and overhanging
eaves in Germany

Source: Munich Daily Photo

Figure 3
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Climate changes and fluctuations in temperature have
occurred throughout the life of the planet, caused by natural
phenomena such as Milankovitch Cycles4. By studying ice
core records (samples from successive layers of ice
deposited over time) scientists have been able to estimate
temperature changes over the last 400,000 years and to
identify a repeated cycle of warming and cooling over about
120,000 years (Figure 5). This natural cycle suggests that
the climate should now be entering a phase of falling
temperatures, rather than the warming we are experiencing
at present.

Figure 2

Flat roofed housing in Greece

Source: Panoramio

Narrow streets provide shade in Italy

4 Eccentricities in the Earth’s orbit around the sun, which occur over a period of 21,000 years, causing small variations in the amount of solar
forcing hitting the planet
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Similarly, climate changes within specific regions can be
identified over a shorter timescale (Figure 6). During the last
1,000 years, southeast England has experienced both a
‘Mediterranean’ wine-growing climate and a mini-ice age
when frost fairs on the Thames were a regular winter event.
Although these slow changes in climate will inevitably have
influenced the development of architectural styles and
construction techniques, it is likely that adaption occurred
naturally alongside social change, technological
advancement and periodic building replacement and as
such went unobserved.

Figure 4

Frost fairs were common on
the River Thames during the
‘Little Ice Age’

Current climate change is, however, a very different
phenomenon to these previous changes, as these changes
are occurring at a rate never observed before and show no
signs of slowing down, suggesting a new discontinuity in
the long term cycles.

Figure 5

Temperature change over the last 400,000 years
Milankovitch
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Figure 6

Temperature change over the last 1,000 years
Medieval warm
spell in Europe
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2.2 Observations on recent climate change
Recent changes in the climate are monitored and reported
on internationally by the Inter-governmental Panel on
Climate Change (IPCC) and nationally by the UK Climate
Impacts Programme (UKCIP). Long run patterns indicated
by ice core records (Figure 5) suggest that the climate
should now be entering a phase of falling temperatures.
However, in 2007, the IPCC concluded that:
• “Warming of the climate system is unequivocal …”;
• “Eleven of the last twelve years (1995-2006) rank
among the twelve warmest years … since 1850”;
• The rate of temperature rise is itself increasing:
– from 0.6°C in the 100-year period from 1901 to 2000,
– to 0.74°C in the 100-year period from 1906 to 2005,
–	and to 0.13°C per decade in the 50-year period
from 1956 to 2005 (nearly twice the rate over the
corresponding 100-year period);

The IPCC concludes that this upward trend in temperature
is highly likely to be attributable to human activities such
as use of fossil fuels and the resultant increased
concentrations of atmospheric greenhouse gases
such as CO2, methane and nitrous oxide.
The capacity of these gases to absorb infrared radiation
and create a ‘warming effect’, was first discovered by
Irish physicist John Tyndall in 18596, and is illustrated in
Figure 8. Evidence of a relationship between CO2
concentrations in the atmosphere and temperature is
shown in Figure 9. Forty years later, Swedish scientist
Svante Arrhenius7 hypothesized that this leads to a
‘greenhouse effect’, insulating the earth and leading
to long term temperature rises.
The UKCIP subsequently reported8 that:
• temperatures in central England have risen by about
1°C since the 1980s, faster than the global average;

• the temperature increase is greater at higher northern
latitudes (particularly in the Arctic) and on land, rather
than at sea;

• although annual rainfall has not changed significantly
since records began in 1766, this masks a polarization
between wetter winters and drier summers;

• however, sea level rises, caused by a combination
of thermal expansion, decreases of glaciers and ice
caps, and loss of polar ice sheets, are consistent
with warming;

• the incidence of strong windstorms increased in the
1980s and 1990s, although it is difficult to attribute this
to human-induced factors.

• the decreasing extent of snow and ice is also
consistent with warming5.

Figure 7
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5 IPCC, 2007

6 Tyndall, 1861

7 Arrhenius et al, 2008

8 UKCIP, 2009
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Figure 8
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Other evidence of climate change is provided by events in
the UK. For example, closures of the Thames barrier have
become more frequent in recent years (Figure 10), whilst
coastal defences have increased significantly (Figure 11)
with the rise in sea levels and increased storminess.
The increasing incidence of flooding and droughts also
highlights the impacts of higher levels of rainfall during
winter months and lower levels during the summer.
Heat stress has also become an issue of concern, following
a three-week heat wave in 2003 that was estimated to have
caused 21,000 excess deaths throughout Europe. In the UK,
a two-week heat wave in 2006 is assumed to have caused
2,000 excess deaths, while a three-day heat wave in 2009
is associated with 300 deaths. These events prompted the

Figure 10

National Health Service to issue a Heatwave Plan9 (NHS,
2011), and to warn that: “By the 2080s, it is predicted that
an event similar to that experienced in England in 2003 will
happen every year”.
This is of particular concern in the context of the UK’s
ageing building stock, much of which offers no cooling
measures except opening windows.
Changes in the plant and animal species found in the
UK also demonstrate the impacts of climate change.
For example, the woolly mammoth migrated northwards
about 15,000 years ago in response to increasing
temperatures, while today the small red-eyed damselfly,
one of five migrant species of dragonfly recorded in the UK
over the last 20 years, has colonised southern England10.

Thames Barrier closures (1983-2010)
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Figure 11

The Lobster Smack – 200 years of defence raising at Canvey Island

The Lobster Smack in 1902: The defences were described at
the time as being “practically invulnerable”
Source: Environment Agency
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9 NHS, 2011

10 Natural History Museum, 2012

The same building in 2000: The defences, raised following the
1953 flood and raised further in the 1980s are now level with
the roof eaves
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Figure 12

Droitwich High Street in
summer 2007

Figure 13

Drought prediction map 2012
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EA region boundaries

Source: Panoramio

Figure 14

Source: NASA

Source: Environment Agency

2003 European Heatwave Map

Figure 15

Migrant dragonfly

Source: wildaboutbritain.co.uk
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2.3 Predictions of climate change
Projecting the speed and extent of climate change and its
effects is complex and plagued by a wide range of
uncertainties. The climate is a dynamic system in which
natural phenomena such as feedback mechanisms interact
with human-induced factors contributing to increased
levels of atmospheric greenhouse gases, and in which
incremental effects of previous actions are now becoming
manifest whilst current actions are contributing towards
effects in the future.
To reflect these uncertainties, the IPCC has developed
40 scenarios of future climate change, taking conditions
in 1961-1990 as the baseline and then examining different
combinations of energy technology development, world
population growth, gross world product and final energy
use11. As illustrated by Figure 16, a steep rise in emissions
levels is expected under all scenarios, in stark contrast to
the relative stability of pre-industrial emissions levels.

CO2 Concentration(ppm)

Scenarios:

These three scenarios are referred to in this report,
as elsewhere, as the high, medium and low emissions
scenarios. They were also used by UKCIP in 2009 to
produce predictions for UK climate change, using
statistical probability levels to illustrate the range of effects
that could occur over the next 70 years. Various resources
are available on the UKCIP website, including a User
Interface which allows users to generate a set of data
for a specific location.

Past and future carbon emissions
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B1 describes a convergent world, with the same global
population as A1, but with more rapid changes in economic
structures toward a service and information economy. ...
A2 describes a very heterogeneous world with high
population growth, slow economic development and
slow technological change.” 12

Three of these scenarios (A2, A1B and B1) are commonly
used to represent the range of uncertainty covered by
the full set, as they provide predictions of climate
change based on high, medium and low levels of
atmospheric CO2:

Figure 16

“The A1 storyline assumes a world of very rapid economic
growth, a global population that peaks in mid-century and
rapid introduction of new and more efficient technologies.
A1 is divided into three groups that describe alternative
directions of technological change: … [including] a balance
across all sources [fossil intensive and non-fossil energy
sources] (A1B).

11 IPC, 2000

12 IPCC, 2007 p44
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Figures 17 and 18 indicate the widest likely range of increases
in temperature and rainfall across the three scenarios by
2080. Winter mean temperature rises are similar to those of
summer but less pronounced, with the most likely outcome
being a 3°C rise across most of the UK and 4°C in East
Anglia and the South East. Summer rainfall levels are
predicted to fall, with the most likely outcome being a fall
of 20-30% across most of England and Wales13.

Figure 17

Three scenarios for increases in summer mean temperature by the 2080s (°C)
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Figure 18

Three scenarios for changes in winter mean precipitation (%) by the 2080s
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13 A more detailed description of the scenarios and UKCP09 data is provided in Section 5.1

19

RICS Research – Non-domestic Real Estate Climate Change Model

Figure 19

Most likely rise in sea levels by 2095

Figure 20

Predicted temperature rise by
2094 across north, central and
south Europe

Source: DKRZ, 2008

Figure 21

Predicted changes in winter
rainfall by the end of the century
across north, central and south
Europe

Source: UK Climate Change Predictions, 2009

Figure 19 illustrates the most likely rise in sea levels across
the UK by 2095, based on the medium scenario and
incorporating the effects of anticipated vertical land
movements.
Figures 20 to 22 are taken from a simulation of changes in
temperature and rainfall across Europe based on the
IPPC’s medium scenario (A1B), carried out by the German
Climate Computing Centre (DKRZ)14. They illustrate similar
trends to those of the UKCIP predictions, with south and
central Europe most affected by temperature rises, and all
areas affected by a clear polarization between winter and
summer rainfall levels.

Source: DKRZ, 2008

Figure 22

Source: DKRZ, 2008
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14 Further details are available at http://www.dkrz.de/Klimaforschung-en/konsortial-en/clm-1-en

Predicted changes in summer
rainfall by the end of the century
across north, central and south
Europe
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Temperature in South Hampshire (predicted, 2080s) and Bordeaux (1961-2000)

120

30.0

100

25.0

80

20.0

60

15.0

40

10.0

20

5.0

0

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

Bordeaux Temperature (1961–1990)

Bordeaux Rainfall (2089–2090)

South Hampshire Temperature (2080–2090)

South Hampshire Rainfall (2089–2090)

OCT

NOV

DEC

Average Temperature (°C)

Average Monthly Rainfall (mm)

Figure 23
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Source: Sturgis Carbon Profiling/UKCP09/IPCC

Climate change impacts and adaptation strategies have
also been an issue of concern at the regional and city
scale, in part through an awareness of their influence upon
future economic prosperity. By the 2080s, for example,
the climate in southern England is predicted to be similar
to that of Bordeaux today.
For London, the projections of UKCP09 imply:
• Rising temperatures, both in summer and winter;
• More seasonal rainfall, with drier summers and
wetter winters;
• Sea levels rising by up to 96cm by the end of
the century.
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2.4 The impacts of climate
change

Figure 24

Flood risk in London

London’s Climate Change Adaptation Strategy15 identifies
flooding (high risk and increasing), drought (medium risk
and increasing) and heat waves (high risk and increasing)
as the key risks for the city. Figure 24 shows areas at risk
of tidal and fluvial flooding, but substantial areas of the city
are also at risk of surface water flooding. The risk of
drought is heightened by the fact that Londoners use
more water than the average for England and Wales16.
The risk of heat stress is exacerbated by the ‘urban heat
island’ effect, which tends to keep temperatures in cities
higher than the surrounding suburban and rural areas,
particularly in the evening.
Despite evidence of the increasing incidence and cost
of severe windstorms, definite trends have not yet been
established and it is not possible to predict local storms
using current climate models. Windstorms are considered
a low risk, given these uncertainties and the robust
standards of the Building Regulations, but will be kept
under review in the Strategy.

Source: Mayor of London, 2011

Similar studies carried out throughout Europe corroborate
these general trends but also highlight risks specific to
individual countries. For example, the reduced duration of
winter snow is of serious concern to the tourism industry
in France17. In Germany, a climate model developed by
the Max Planck Institute for Meteorology18 predicts an
increased risk of forest fires and a risk of overheating
in the cooling mechanisms of nuclear power stations.
In Sweden19, climate change is predicted to bring some
benefits, such as reducing fuel consumption for heating
and increasing the growth rate of forests, but also to have
negative effects on water quality and to increase risks
from flooding, landslides and erosion.

Figure 25

Urban Heat Island Effect

92
91

33

32

89
88

31

87
86

30

85

Rural

22

Suburban
Residential

Commercial

Downtown

Urban
Residential

15 Mayor of London, 2011 16 167 litres per day, compared to 150 litres per day.
19 Swedish Commission on Climate & Vulnerability, 2007

Park

17 Ceron & Dubois, 2005

Suburban
Residential

Rural
Farmland

18 Bojanowski, 2008

Temperature (°C)

Temperature (°F)

90

rics.org/research

Impact of flooding and sea level rise

In response to this issue, the emphasis of the government’s
strategy for flood protection has shifted from defence to
management of risks and impacts. This new approach
aims to be more holistic and community-oriented, focusing
on catchment areas and coastal zones as interconnected
systems and using natural resources such as floodplains
and wetlands to store excess water. It also encompasses
a new financing system, with government funding allocated
to schemes in proportion to the net whole-life benefits they
can demonstrate, and project sponsors expected to find
other funding sources or make savings to bridge the gap22.

Figure 26

Predicted cost of flood damage
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The increasing incidence of catastrophic floods and their
impact upon property and infrastructure is now well
documented. Flooding in October and November 2000
led to an estimated £1.3bn in insured losses and research
indicates that anthropomorphic global warming is most
likely to have increased the risk of its occurrence20. The
summer 2007 floods cost the economy £3bn, and the
risks associated with flood damage to infrastructure,
property and the economy are now21 identified by the
government as the most significant impacts of climate
change, expected to cost £1.3bn annually across England
and Wales (the range of predicted future costs is given in
Figure 26).

8

6.8

6
4

3.5
2

1.5
0

2020s

Bottom of range

2.1

1.8
2050s

2080s

Top of range

Source: Sturgis Carbon Profiling/DEFRA, 2012

This new system represents a departure from the previous
approach of fully funding selected schemes and has been
interpreted as a way of cutting funding by stealth23. MPs
have expressed concern that local authorities will not be
able to contribute more to flood defence at a time of highly
constrained resources and that people at risk of flooding
will not know who has ultimate responsibility24. Local
variations in the quality of defences may emerge, with
some local authorities unable to repair out-dated defences
and others promoting high profile schemes such as the
£26m one-kilometre defence in Cleveleys, which attracted
both European and regional funding25. Meanwhile, the
insurance industry has warned that people in some areas
of the country may struggle to obtain insurance against
flood risk when its current agreement with government
ends in 201326.

20 Pall, et al., 2010 21 Department of the Environment, Food and Rural Affairs, 2012 22 Department of the Environment, Food and Rural
Affairs, 2011 23 Carrington, 2011 24 House of Commons Committee of Public Accounts, 2012 25 Environment Agency, 2011
26 (Association of British Insurers, 2012)
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Mitigation and adaptation strategies
in building design

Figure 27

Sea defence scheme in Cleveleys

Reducing the carbon emissions associated with the
construction and use of buildings is widely recognised
as an important aspect of mitigating future climate change.
The IPCC27 argues that the scope for reducing emissions
is substantial, as is the range of mature technological
solutions available, but that many factors such as the
structure of the industry and the lack of fiscal or other
incentives and drivers act as barriers to progress. A review
of the energy performance of buildings across Europe28
emphasises the need to focus on renovation strategies
to improve the performance of existing buildings, and the
need for policy regulation, financial frameworks and
supporting measures.
Similar arguments have been put forward within the UK 29,
with hidden costs and ‘bounded rationalities’ such as the
rules of thumb used in property investment identified as
amongst the barriers and the introduction of mandatory
Display Energy Certificates for all non-domestic buildings
amongst the recommendations. As part of the UK Low
Carbon Transition Plan, emissions from non-domestic
buildings are expected to be 13% lower than 2008 levels
by 2020, with all new public and private sector buildings
to be zero carbon by 2018 and 2019 respectively, although
this is recognised as presenting an enormous challenge
to the construction industry as it is currently structured
and incentivised30.

Source: Lancashire County Council

Although less evident in the literature on policy levers,
an important area of research focuses on developing
adaptation strategies within the building design and
renovation processes. A briefing report for UKCIP31,
on the impacts of climate change on buildings, focuses
on the effects of higher temperatures upon a series of
building types. It emphasises that, in most UK buildings,
cooling is currently achieved by opening windows, as
external temperatures are generally lower than those
inside, but that this may not be an option in the future.
It recommends the use of passive design techniques,
with the most effective being shading from the sun,
provision for controllable ventilation in daytime and high
ventilation at night, use of heavier building materials with
night ventilation, and improving insulation and air tightness.
However, it also predicts that these measures will need
to be supplemented by mechanical cooling systems in
London by the 2050s. A more detailed technical report is
available from the Chartered Institute of Building Services
Engineers as CIBSE TM3632.
Adapting to higher temperatures is one of three key areas
of adaptation highlighted by the London Climate Change
Partnership33 (alongside flood risk and water shortages),
and is also identified as one of three priorities in research
for the Technology Strategy Board34:
• comfort (designing buildings and external spaces to
remain cool in hot weather);
• construction process (structural stability and the
implications for detailing and materials);
• managing water (including water conservation,
drainage and flooding).
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27 Levine, et al., 2007 28 Buildings Performance Institute Europe, 2011 29 For example, Committee on Climate Change, 2008; Carbon Trust,
2009; UK Green Building Council, 2009 30 Low carbon construction innovation & growth team, 2010 31 Hacker, Belcher, & Connell, 2005
32 Hacker, Holmes, Belcher, & Davies, 2005 33 London Climate Change Partnership - Finance Group, 2009 34 Gething, 2010
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With climate change expected to accelerate, the slow
replacement rate of the UK’s building stock is a matter
of great concern. The age profile of commercial buildings
and the very small proportion designed to current energy
efficiency standards (Figure 28), together with replacement
values of 2–3% and an average lifespan of 50 years,
suggests many buildings could become obsolete through
the impacts of climate change.

Figure 28

UK commercial building ages
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Policy and planning strategies
Adaptation strategies are also needed at the scale of the
conurbation or catchment, and that of the neighbourhood,
as well as the individual building. For example, building
orientation and layout can contribute to a cooling strategy,
whilst green spaces can also play an important role in
reducing the impact of higher temperatures in urban areas
and of managing the risk of flooding36.
CABE37 also calls for adaptation to be tackled by a
process of master planning across wider areas rather than
simply at the level of the building. This could allow, for
example, for the carbon emissions of individual
developments to be offset locally by the provision of new
green space or retrofitting the social housing stock with
energy efficiency measures. Model policies to encourage
adaptation strategies are available38 and could be adopted
by local authorities to help drive change at different scales.
Clear policies and strategies at local authority level will
help to provide the certainty and leadership needed to
guide the decision-making of building owners, investors
and developers. However, these decisions will also
need to be informed by an understanding of the
impacts of climate change for specific asset types in
specific locations. This research aims to contribute
to this understanding and hence to bridge the gap
between climate change predictions and practical
adaptation measures.

1%
Source: Sturgis Carbon Profiling/DCLG, 2005

However, climate change will also impact upon modern
office buildings. Increased temperatures will stretch the
capacity of cooling systems to maintain comfortable
working environments, and the most vulnerable asset
classes are likely to include those with mechanically
controlled internal environments and high cooling
requirements. Maintenance and refurbishment cycles will
be foreshortened and more substantial improvements in
building performance will be required. The prospect of
climate change induced obsolescence35 is likely to
become an increasingly important factor in lifecycle costs
and thus in property investment decisions.

35 The concept of climate changed induced obsolescence is explored in more detail in Butt, Umeadi, & Jones (2010)
36 Shaw, Colley, & Connell, 2007 37 Commission for Architecture and the Built Environment, 2007 38 Town & Country Planning
Association, 2010
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2.5 Factors driving energy demand in buildings
A basic function of buildings is to create an internal
environment more suited to our nature than the
surrounding external environment. To achieve this goal,
building designers have developed increasingly complex
methods of controlling light, temperature, humidity and
rainfall, and buildings today are capable of responding not
only to external environmental conditions but also to the
activities and behavioural changes of occupants. These
efforts all aim to moderate the variability of external
climatic conditions to achieve consistent internal
environments suited to occupants’ needs.

Although good initial design and orientation has a
significant impact in dense site-constrained urban
environments, as a general rule the more ‘constant’ we
wish our internal environments to be, the more we depend
upon complex mechanical and electrical equipment.

Figure 29 illustrates a range of climate conditions and
the corresponding ‘comfort zones’ deemed suitable for
internal environments39.

• climate volatility;

The tenants of commercial office buildings use a range of
criteria in choosing a building to occupy, but the British
Council for Offices Specification40 is an important influence
as it defines the standard of internal environment expected
in offices in the UK. Grade A office space should be
capable of absorbing most external climatic impacts and
maintaining constant internal comfort levels and services
provision suited to the needs of all occupiers. Conversely,
non Grade A space offers less control over, and capacity
to respond to, sub-optimal comfort levels and the
occasional under-provision of some building services.

Figure 29

In order to explore the determinants of energy demand,
this research explores five key influences upon energy use
within a given building:
• function;
• mean climate;
• occupant preferences and prices;
• technology and design.

Some external and internal climate conditions
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Function
A more detailed examination of commercial real estate
suggests that energy demand, and consequently
susceptibility to climate change impacts, varies by asset
class. ECON1942 identifies four generic office types:
naturally ventilated cellular; naturally ventilated open plan;
air-conditioned standard; and air-conditioned prestige.
Figure 31 illustrates energy use indices for actual and
good practice examples of each type, demonstrating the
impact of air-conditioning and other prestige features
upon energy demand. On this basis, the air-conditioned
prestige building is the most vulnerable to the financial
risks associated with climate change.

Energy demands vary depending upon the nature of the
activities occurring within a building, even within similar
asset types. Carbon Buzz, a free platform developed by
RIBA and CIBSE41, is intended to encourage building
occupiers to share data on the energy performance of
their building and thus to develop an understanding of the
actual energy demand of different building types.
Figure 30 illustrates the range of energy demands across
different building types, based on the average figures in
the Carbon Buzz database.

Figure 30
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Figure 31

Energy demands by commercial office type
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41 http://www.carbonbuzz.org/index.jsp

42 Department of the Environment, Transport and the Regions (DETR), 1998
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Mean climate
The typical annual climate range for a given location is
a crucial influence on the energy demands of buildings
within that location. Figure 32 compares the energy
demand of comparable office buildings in four distinct
climate zones: continental; dry; temperate and tropical.
The impacts of demands for heating, cooling and
lighting combine in response to local climate conditions,
representing a significant proportion of overall
energy demand.

Figure 32
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Modelling the relationship between operating costs and
temperature suggests a V-shaped relationship as shown
in Figure 33, with high demand in cold and hot conditions
representing requirements for heating and cooling
respectively. Conversely, low energy demands can be
expected in temperate climates where lower levels of
heating and cooling are required. For specific buildings,
the relationship depends upon the relative proportions
of heating and cooling demands, as shown in Figure 34.
As the process of climate change continues into the
future, changes in energy demand are likely at all points
on this curve in the first instance, with colder locations
experiencing reductions in demand and warmer locations
facing significant increases (Figure 35).
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Figure 33

Modelled relationship between operating costs and temperature
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Figure 34

Relationship between operating costs and temperature for specific assets
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Figure 35

Relationship between operating costs and temperature changes over time
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Climate volatility
Climatic extremes are also a significant influence. The
climate is subject to a variety of natural cycles of daily,
seasonal and longer-term duration. The most celebrated
long-term cycle is the El Nino/Southern Oscillation,
changes in sea surface temperature in the Pacific Ocean
occurring over three to four years. Through each of these
cycles, buildings respond to maintain the climatic ‘comfort
zones’ of their occupants. The emergence of more
pronounced climatic extremes, such as hotter days and
colder nights, suggests therefore that more energy will be
required to maintain a comfortable environment. For
example, despite similar average annual temperatures,
energy demand in office buildings is 30% higher in New
York, which experiences greater extremes of temperature,
than in London43.
These effects can be understood and quantified by
measuring the number of ‘heating degree days’ (HDDs)
and ‘cooling degree days’ (CDDs) relative to the mean
temperature each year. HDDs and CDDs are defined
relative to a threshold temperature, to which a building
needs to be heated or cooled, dependent on the length
of time for which the external temperature is below (for
heating) or above (for cooling) this temperature. For each
additional degree above or below this temperature, a
further contribution to the annual total of heating or cooling

Figure 36

degree days will then be incurred. In the UK, the threshold
temperatures used by the Met Office are 15.5°C for HDDs
and 22°C for CDDs.
Using HDDs and CDDs enables an examination of the
effects of more extreme temperatures on energy demand,
as illustrated in Figure 37. If central plant operates uniformly
efficiently irrespective of energy demand and a building has
no thermal drag, one would expect a linear relationship
between the number of HDDs and CDDs and the energy
required to maintain a given internal climate. However, as
central plant often works most efficiently within a particular
range, it may require incrementally larger amounts of energy
to cope with extremes. Conversely, thermal drag caused by
thermal mass can reverse this process, with the result that
responding to extremes of temperature may not require
significant additional energy if the extremes are relatively
short-lived. The resultant effect depends upon which factor
is dominant, and varies from one building to the next.
As we have witnessed in recent years, extreme events are
becoming increasingly frequent and this trend is expected to
continue as the rate of change accelerates into the future.
As a consequence, greater numbers of HDDs and CDDs
can be expected, irrespective of changes in mean
temperatures and, as a consequence, increases in the
energy demand associated with these impacts.

Figure 37
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Weekly averaged sea surface temperatures (top, °C) and
anomalies (bottom, °C) for the past twelve weeks. SST
analysis is the optimum interpolation (OI) analysis, while
anomalies are departures from the adjusted OI climatology
(Reynolds and Smith 1995, J. Climate, 8, 1571-1583).
Source: US Climate Prediction Center
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Source: Sturgis Carbon Profiling

43 Based on energy demand data from Carbon Buzz and Energy Star, and climate data from www.world-climate.com
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Occupant preferences
This is a particularly complex area to model and is beyond
the scope of this research. However, it is important to
identify the issues, as changing preferences offer the
potential for both significant reductions and increases in
energy demand. The impact of preferences can be
explored by considering the amount of energy people
choose to consume within a building (as a proxy for
internal environment comfort) and its relationship to the
other goods they can choose to purchase.
This relationship can be shown in graphical form, as in
Figure 38a, where the X-axis represents the amount of
energy consumed and the Y-axis the amount of other
goods that can be consumed. Each individual curve on

Figure 38

Changing consumer preferences (indicative)
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The line is straight to indicate that each unit of energy not
consumed allows for a fixed increase in the amount of
other purchases (as prices are fixed). The point at which
the line intersects with the highest satisfaction curve can
be described as the selection mix where an individual can
attain their greatest satisfaction given their respective
wealth. In economic terms, this process of selection
between goods is known as consumer optimization.

Figure 39

Comfort was not a priority in the
19th century office

This method of representation can also be used to
demonstrate the impact of changing base assumptions,
for example:
• b) more energy is consumed as its price falls
(however individuals may also consume less,
depending on whether the wealth or the
substitution effect is greater);
• c) less energy is consumed as its price rises;
• d) more energy is consumed as individuals
become wealthier.
A real life illustration of the effects of changing preferences
is offered by changing views of what is considered to be
a comfortable room temperature since the emergence of
the office as a distinct building type in the 19th century:
protection against climatic extremes was of a rather
ad-hoc nature and building characteristics were defined
by other factors including technological constraints.
The combination of increasing wealth, technological
development and a fall in the relative costs of energy
encouraged demands for higher levels of internal comfort.
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Source: Phiz/The Victorian Web44

44 Based on energy demand data from Carbon Buzz and Energy Star, and climate data from www.world-climate.com
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Technology and design
Technological development itself, together with advances
in the efficiency with which technology is utilised, also
influences patterns of energy consumption. This issue
was discussed by a 19th century economist, W Stanley
Jevons45, who challenged the view that increasing
efficiency would reduce the amount of coal used. He
argued that as machines became more efficient they
would become cheaper to run and consequently would be
used more in production processes as other substitute
inputs (namely labour) became relatively more expensive.
The increased efficiency of, for example, heating
mechanisms in buildings has not led to a reduction in
energy use (Figure 40).
The fabric of the building and its initial design also impact
upon the demand for energy. In recent years the use of
high performance materials in building design have made
it possible to sustain comfortable internal temperatures
simply through the body heat of occupants for the majority
of the year.

Figure 40
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Source: Sturgis Carbon Profiling

Figure 41

Window detail of future climate
adaptations

These high performance buildings are characterised by
the use of:
• structures with high thermal mass which can, by virtue
of their thermal inertia, store heat and moderate the
effects of rapid changes in external temperature;
• building orientation and window design to optimize
passive solar gains from the sun;

90%

• highly insulated walls, floor and roofs, and minimizing
cold bridging46, to minimize heat losses;
• active control of air flow through the building, reclaiming
waste heat from exhaust air and minimizing air leakage;
• louvres to prevent sunlight heating up the internal
fabric and creating excessive temperatures at key
times of the day.
Simple future-proofing measures incorporated into building
design (for example, incorporating a duct into window
mantels to allow for the installation of external shutters or
blinds) can enable adaptation to impacts such as higher
temperatures at a later date.

1 No summer night
ventilation

2 No summer night
ventilation, external blinds

3 Night time purge
ventilation

4 Night time purge ventilation
and blinds

Although construction rates remain low and consumer
demand for buildings of this type is constrained by their
relatively high capital costs, new high performance
buildings offer an attractive low carbon and low energy
future. The introduction of higher energy standards under
successive amendments to Part L of the Building
Regulations is the main driving force towards all new
housing and non-domestic buildings being zero-carbon by
2016 and 2019 respectively, and evidence suggests the
associated costs (estimated to be an additional 4-6% for
housing compliant with Level 3 of the Code for Sustainable
Homes) are falling47.

Source: Bere Architects

45 Jevons, 1865 46 A cold bridge is an element of building fabric that conducts heat to the outside far in excess of the surrounding structure,
for example a steel fixing running from the inside to the outside of the building. As well as allowing heat to leave the building, cold bridging also
creates cold spots inside the structure, which can cause condensation forms and mould growths. 47 Element Energy & Davis Langdon, 2011
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As recognised in the Low Carbon Transition Plan,
improving energy performance through building design
and technology also has a key role to play in the mitigation
of future climate change. However, this research has not
modelled these improvements as it seeks to estimate the
extent of climate change impacts under a ‘business as
usual’ scenario and thus to help asset owners understand
the base case should they decide not to implement
mitigation measures. Subsequent improvements can thus
be understood on a building-by-building basis, depending
on the proposals most applicable to the characteristics of
the individual building.
Whilst the above relationships tend to be long-term
phenomena, the fixed nature of property assets and
occupant preferences mean that in the short term
responses to climate change involve the existing central
plant working more or less intensively. Further climate
change is likely to lead towards a threshold point at which
there is no spare capacity in the central plant, at which
point the building will face climatic obsolescence. In this
situation, the building owner will be faced with a choice
between renewing the central plant at a considerable cost
and accepting lower levels of internal comfort. This climatic
obsolescence will be further increased by the differences
in operating cost of new and existing stock in response
to higher fuel prices and additional cooling requirements.
Figure 42 demonstrates that the whole life carbon
emissions of prime office buildings have increased since
1990 despite a reduction in the ‘in use’ emissions
controlled by the Building Regulations.
Although energy costs represent a relatively small
proportion of occupiers’ costs, the impact of climate
change upon energy prices, insurance premia and
maintenance costs may create significant aggregate costs.

Figure 42
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Given low construction rates, however, the improved
energy performance of new buildings will have little impact
upon the performance of the sector as a whole. The more
pressing need to renovate the existing building stock is
often emphasised but remains technically complex,
expensive and mostly without the support of financial
or policy incentives. The government’s chief construction
advisor has stressed the size of the challenge:
“Contractors will need to see longevity and they will
need to see profit that matches what they can get
elsewhere. But retrofitting 10,000 homes a week will be
worth £5 billion to £8 billion and so you don’t need a
massive share of that to make it worthwhile”.48
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Figure 43
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48 Morrell, 2010

3.0 Climatic Impacts Model
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3.1 Data descriptions
Fulfilling the aim of this research – quantifying the effect
of climate change on building energy demand – required
a large sample of data from different sources both on
climate and building energy demand across a wide variety
of locations. Exploiting the variations in climate between
these locations, holding other characteristics constant,
it was then possible to identify the individual effects of
climatic changes on demand.
In addition, data was required to control for other
determinants of energy demand not linked to climate,
such as the type of central plant in a building, in order
to improve the precision of these estimates.

DECs provide data on the energy performance of individual
buildings, including: the total energy used; total carbon
dioxide emissions; and the energy rating of the building
(a comparison of the actual energy used compared to the
energy used in a typical building of the same type). Each
record also provides data on: the main type of fuel used
for heating; how the internal environment is conditioned;
and the total useful floor area. As discussed in the model
development section, the dependent variables selected
for each model (each measured in kW/h) were:
Heating demand per metre squared
- for the heating demand model:

This section provides a brief overview of the data used
to make these investigations possible.

Electricity demand per metre squared
- for the electrical demand model,.

Building energy demand is identified as the dependent
variable and is discussed firstly, followed by a discussion
of the independent variables for climate and the controls.

In creating the sample, 64,803 DEC records were used,
originating from buildings in England and Wales in the
years 2008, 2009 and 2010.

The dependent variable – Building Energy
Demand
Large standardized datasets of building energy demand
profiles did not exist until recently. Fortunately for this
research, the roll out of Display Energy Certificates (DEC)
has provided for the first time the ability to produce these
datasets and to carry out econometric investigations on
this scale.

One of the issues identified by the use of the DEC data was
the under-representation of private non-domestic buildings
and whether this would create a bias in the identification of
climate changes on energy demand. To examine this, tests
for multi-colinearity were carried out between use and
incremental climate changes, for which no statistically
significant relationships were found. As a consequence,
it is contended that such sample bias would not overly
impact on the predictive power of this model.
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The independent variables

Climate volatility: HDD and CDD

The following section describes the data gathered for the
independent variables of the regressions, the motivation
for their inclusion, the processing required and the
shortcomings of the data obtained. The data variables
have been grouped under the six categories driving
energy demand as identified below:

Information on heating degree days (HDD) and cooling
degree days (CDD) was obtained to provide an indication
of the amount of volatility in the climate at each location.
HDDs and CDDs were chosen as surrogates for climate
volatility because they are calculated based on the
number of degrees by which the temperature exceeds
a given threshold each day. These measures of the
frequency and magnitude of exceedances of the
thresholds was selected as the best available indicator
of dispersion of annual temperatures, about the mean
temperature variable which would be picking up on the
general locational temperature trends.

• Climatic Variables
• Asset Characteristics
• Use Characteristics
• Technology
• Fuel types
• Time trends and locational effects

The climate variables
Estimates of the maximum and minimum temperature,
rainfall and sunshine over the period corresponding
to each of the 64,803 DEC records were obtained to
provide information on climate conditions external to
each building.
Daily measurements for each of the climate variables
were provided for the period 2007-2011 at approximately
500 weather station locations across the UK. The
dataset was sourced from the Met Office – MIDAS
Land Surface Stations data accessed via the British
Atmospheric Data Centre49.
Information on the spatial location of the weather stations
was provided in a separate table and appended to the
climate dataset based on a unique station identification
number. Estimates of the climate variables at the location
of each of the buildings in the sample for each day in the
study period were obtained by performing a simple inverse
distance weighted interpolation using the actual values
at the weather station locations. The approximate location
of each building was required for this and was established
by matching the postcode of each DEC record to the
‘Code Point Open’ dataset available from the Ordnance
Survey (OS)50, which contains the X and Y coordinates
corresponding to the centre point of each postcode
in the UK.
Mean: temperature, sunshine and rainfall
Average temperature and total sunshine and rainfall
over the 365 days prior to the issue of each DEC record51
were calculated based on these interpolated values
described above.
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The HDDs and CDDs were calculated based on the
maximum and minimum temperature data described
in the previous section. The threshold used was set at
15.5°C for calculating HDDs and 22°C for CDDs, in line
with the method specified by the MET Office as used
in the UKCP09 calculations.52
A limitation of the climate data used in this study was
the error introduced by the need to interpolate values.
Whilst having data from 500 stations across England
and Wales represents a very high level of spatial
disaggregation, interpolation will always introduce an
additional source of error. Alternately, or additionally,
in future research, the sample could be limited to those
buildings located only a short distance from weather
stations. This would further reduce this estimation error
but would do so at the cost of significantly reducing the
sample size.

Asset Characteristics
These controls related to general characteristics of the
building and its location that may influence demand:
Quarterly SAP ratings
This variable was obtained from the Code for Sustainable
Homes and Energy Performance of Buildings statistical
release53. The rationale for obtaining this information was
to investigate whether the existence of high performance
buildings and modern developments within the area
increased occupants’ awareness of the energy demand
of their building and encouraged them to reduce it.
Annual averages of SAP ratings were calculated and
matched to the DEC records, based on the government
region in which the building was located and the issue
date of the building’s DEC certificate. The corresponding
government region for each building was determined by
performing a spatial match between building postcodes
and the government region boundary file supplied in the
OS Boundary-Line product. Interaction terms were
created between the use types and spending on new
buildings in the use class in the year corresponding to
the DEC certificate.

49 badc.nerc.ac.uk/data/ukmo-midas/ 50 Ordnance Survey, 2012 51 A one-month delay between the application for a DEC and its issue
was assumed, so the actual period of the climate variable averages corresponds to the 365 days ending one month before the DEC certificate
issue date. 52 Met Office, nd 53 Communities and Local Government, 2011
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Rateable value

Use characteristics

Information on the rateable value of commercial and
industrial building stock at local authority level was
obtained from the Department for Communities and Local
Government (DCLG)54. The rationale for including this
information was the assumption that rateable value
provided some indication of the likely occupants of the
building and that a link may exist between socioeconomic
factors and energy usage.

These control variables examine the impact of
characteristics of the people using the building upon final
energy demand:

The dataset specified average rateable value for all
commercial and industrial buildings by use type. The data
were divided by the area (in square metres) of the district
or unitary authority within which the DEC building was
located, as before.
Size of building
Information on the size of the building was provided
in each DEC assessment and was taken directly
from the certificates during collection of the energy
demand sample.
Age of buildings in surrounding area
Information on the age of commercial and industrial
building stock for all local, district and unitary authorities
in England and Wales was obtained from the DCLG55. The
rationale for including this information was the likelihood
that building age would have some relation to both the
thermal performance of a building and the energy demand
associated with its plant.
A major shortcoming of this dataset was its spatial
resolution in that it referred to the location and not the
buildings themselves. Information on the actual age of the
building to which each DEC record corresponded would
have been much more useful.
This variable was not found to be significant in the final
regression model and is not discussed further.
Locational density variables: Urban, Town,
Village and Hamlet
Information on the nature of the local environment
surrounding each building was obtained in the form of the
ONS Rural/Urban Classification for the postcode of each
building. The rationale for including this information was
that there might be a relationship between the age of the
building and thermal performance related to the building’s
location (for example, that new and thermally efficient
buildings may be predominantly located in urban areas).
The rural-urban classification was simplified into the
following four classes: Urban (the most densely populated
areas); Town; Village; and Hamlet (the most sparsely
populated areas). Dummy variables were coded for each
class with Hamlet excluded as the base case.

Use type dummies: Hospitals, Schools,
Accommodation, Offices, Leisure, Retail
Warehouse, and other
Information on building use type was obtained to provide
an indication of the activities occurring within each
building. The rationale for obtaining information on this
variable was the assumption that the activities occurring
in a building affect its energy demand and that these
activities vary by use type, giving rise to differences in
the average energy consumption of different use classes.
Use type was inferred from the organization name and
address details provided, and manually recorded, for an
8,000 record subset of the DEC data. The categories
selected for the classification were: School; University;
Accommodation; Office; Hospital; Leisure; Warehouse;
Retail; and Unknown. Once classified, dummy variables
were then coded for each use type. In addition, interaction
terms were created between the use type dummies and
the following climate variables: heating degree days,
cooling degree days, and average temperature. These
interactions were included to investigate the possibility
that, in addition to differences in the average energy
consumption of different use classes, the relationship
between changes in climate variables and energy demand
could exist within use types.
The greatest limitation of the use type data was that, due
to time constraints and the use of manual classification,
use type could not be completed for the entire sample.
A second limitation was that a large amount of variation in
activities remains within certain use types, most notably
Hospitals (which also includes primary care clinics),
Universities (which is presumed to include chemistry and
physics laboratories, lecture halls, workshops and offices)
and leisure centres (including both leisure centres with
heated swimming pools and those without).
Further refinement of the classes to account for this
variation in activities may be of benefit in future research.
Age, Economic activity, Building ownership density
Data on these variables was obtained from 2001 census
data at local authority level.
The age categories were collapsed into three broader
classes – 0-15; 16-74; and 75 and older. The classification
of economic activity was collapsed into three broad
categories: Economically active; Economically inactive;
and Unemployed. Each dataset was divided by the total
area (in square metres) of the corresponding local
authority to provide each variable as a density figure.
The primary limitation of these variables is that much can
change over the seven to nine years since the census data
was recorded, and that census data relate to home
address location rather than place of work.

54 Communities and Local Government, 2009

55 Office of the Deputy Prime Minister, 2005
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Technology
These controls help identify the influence of building
services and in particular the central plant on building
energy demand.
Dummies for: Air conditioning, Heating with
Mechanical ventilation, Heating with natural
ventilation, Mixed modes of heating and cooling,
Mixed modes of heating with natural ventilation.
Information on the central plant used to control the internal
environment of each building was obtained from the DEC
certificates and a dummy variable was coded for each
type of technology, with natural ventilation omitted as the
building environment base. The rationale for obtaining
information on these variables were that different
technologies generate different mean energy demands
and are of different relative efficiencies.
Interaction variables were also created between average
temperature and each of the central plant dummy
variables to test for differences in efficiency. This term
however was dropped in the final model specification
due to the lack of any statistically significant effects.
The main limitation of the central plant data was a lack
of any additional information on the frequency of plant
maintenance, operation and management procedures
and the age of the equipment. With knowledge of these
factors, many additional errors could be removed from
the regression model.

Fuel
These variables were used to capture the differences
in price and the carbon efficiency of different types
of heating.
Dummy variables for: Biogas, Biomass, Coal,
District heating, District electricity, Electricity,
LPG, Oil, Other, Smokeless fuel, Anthracite
Information on the main heating fuel was also obtained
from the DEC certificates and a dummy variable was
coded for each fuel type. The rationale here was that fuel
type might affect the way in which the plant was operated
and so lead to variation in average energy demand
between fuel types.

Time trends
These variables were used to deal with general time
trends common to all elements within a given time period
of the sample.
Dummies for each year 2008,2009 and 2010
The year of each DEC assessment was taken directly from
each certificate. This helped capture large scale time
trends such as the impacts of recession or all buildings
across all asset classes being used more intensively.
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3.2 Model development
The method of estimation employed was based on a
Ricardian climate change model, which uses actual
observed variations in energy usage in response to changes
in existing climate conditions. The advantage of this
approach is that it can accurately identify the resultant
effects of climate changes on a given variable (in this case
building energy use). The model does not take account of
changes in personal preferences or stock characteristics:
the former are assumed to be largely inelastic, based on the
observed effects of increases in vehicle fuel prices, whilst
the latter are assumed to be affected only by the very small
proportion of retrofitting currently occurring. Although
imperfect, these assumptions provide an acceptable starting
position from which to develop more complicated
behavioural models to predict these effects in the future.
Alternatives to econometric models of this type would involve
aggregating a large number of building physics models based
on assumed parameters. These models could be effective
for assessing individual buildings, where accurate figures for
the parameters are not available, but can produce erroneous
findings when used for larger groups due to the aggregations
of errors generated by incorrect base parameter estimates.
This phenomenon is well illustrated by recent postoccupancy studies that show actual energy use being double
the predicted use even for an individual building.
Some elements of building physics were incorporated
into the final prediction model to overcome identification
problems when predicting carbon emissions, as statistical
estimates could be made more accurately for energy
demand than for total CO2 emissions, given the dual
causality of individual effects of climate variables on carbon
performance. A mixed approach incorporating both building
physics and Ricardian models is justified as the building
physics parameters used are exogenous to the occupant or
asset characteristics of the individual building (such as the
carbon intensity of the National Grid, which is common
throughout the UK).
Building energy use was disaggregated into electricity
and heating demand, to allow for the prospect of divergent
effects cancelling one another out (for example,
temperature increases could reduce demand for heating
but simultaneously increase demand for air-conditioning
powered by electricity56).
The main features of the model are a basic set of climate
variables, information on the building’s asset and use
characteristics, the technology and fuel type used in the
central plant, and time effects (more information on data
sources is given in Section 3.1). In the process of developing
the model, initial early specification models used over 70
variables. Many of these were discarded as they were found
to have only weak statistical significance or multi-colinearity
with other variables of greater interest such as the deprivation
index. The results of the final regression model are shown in
Table 1. The model contains 40 independent variables and is
summarised in Figure 44.

56 Although trigeneration or combined heat and power would lead to co-dependence of these two variables, less than 1% of the sample has
these installations and it is therefore not considered a substantial bias to the reported findings.
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Figure 44
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The main features of the model are described below.

Matching climate variables to DEC records
by month of assessment
DEC assessments are carried out at irregular intervals
and can relate to energy bills from any period prior to the
assessment (usually within one to two months). As a result
of this complicating feature, the energy readings given in
individual DECs could relate to any time period within the
year. As the purpose of these regressions is to accurately
define the relationships between actual climate events and
revealed energy demand, it was necessary to match each
individual DEC record to the appropriate period in time
(a time lag of one month was incorporated to take account
of reporting delays).

Locational and time fixed effects
A significant proportion of building energy demand is
determined by factors other than climate, including factors
not easily captured by the additional control variables. To
remove this source of error from the regression, a locational
and time fixed effects model was employed, using the local
authority ward and year as the units of location and time
respectively. This model analyses the effect of varying one
factor while holding all other factors constant at an average
value. The advantage of this approach is that it helps
identify and remove those determinants of energy demand
that are specific to a location or period in time and not
correlated with the climate in that location or at that time.
An example might be the effects of a recession, or
characteristics common to all occupiers in a given location.

Clustered standard errors
Clustered standard errors are used to correct for the
presence of a series of groupings within the error term
that might be correlated (as a consequence of using
locational and time fixed effects). This is not considered
to be problematic, as correlation of the errors between
these groups is not anticipated.

40

Inclusion of control variables
Generally all control variables that are significant at the
10% level or above are included in the final regression
model specification. Less significant variables are
included only if there are strong theoretical grounds
for their inclusion.
In the process of developing the model specification,
the following relationships were considered and rejected.

Interaction terms between climate variables
and occupant dummies
These terms were investigated as it was anticipated that
occupants might exert more than just a simple fixed
demand-side shift for energy demand and that a range of
demand-side increases would be identified, dependent on
occupant characteristics and surrounding climate impacts.
However, when these interaction terms were included none
proved to have statistically significant coefficients and so
this specification was rejected. This finding would support
the conclusion that energy demand with respect to
differences in climate is determined, at least in the short
run, by the plant rather than the occupant.
The implications of this result are twofold: that energy
demand is highly inelastic in the short run (with respect
to climate) and that changing the behaviour of building
occupants and how central plant works offer the greatest
potential for generating carbon and financial savings. Whilst
it was not possible to examine the effects of fuel price
changes with respect to demand in this analysis,
this result with respect to climate would also suggest that
simply taxing fuel alone will have a limited short run effect
on demand.
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The impact of energy performance in new
buildings on demand in existing buildings
To examine whether the construction of new buildings
to higher standards has any spillover effects on existing
stock, the average SAP rating in a given location was
regressed (lagged and unlagged) against the average
energy performance of the sample buildings in the location.
The results for this co-efficient were statistically insignificant
and so it was rejected from the regression model. It is
however worth noting that, independent of climate
changes, there are strongly significant time trends in the
regression results. This supports the view that a major
determinant of energy demand arises from differences
between time periods, which may be attributable to
recessionary impacts.

Interaction terms between central plant type
and climate variables
The aim of this interaction term was to explore whether
different types of central plant would respond differently
to different types of climate impacts. These terms were
rejected as they proved to be statistically insignificant.
It is possible however that these findings could be subject
to omitted variable bias, as a consequence of having
insufficient information on the exact nature and condition
of the central plant in each instance.

Other effects
Several other effects were examined and rejected due
to a lack of statistical evidence, including the relationship
between lagged government spending in the given sector
and energy demand. The age and demographic
characteristics of occupants in a particular location
were rejected on the basis that, as the sample buildings
were non-domestic, building function and organizational
structure would be more influential determinants of
energy demand.
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Table 1

OLS regression estimates of the effect of climate conditions upon energy demand in
non-domestic building stock

Variable
grouping

Independent
variable
Average temperature

Climate

Building system

Heating fuel
type

Building
Characteristics

Time effects

-322.454***

(62.465)

Electricity demand
(Model IV)
9.378***

(1.705)

Average temperature squ.

10.601***

(2.958)

-

-

HDD

-0.401***

(0.046)

-

-

-0.437***

(0.092)

(0.006)

-0.002

(0.004)

CDD

-

Precipitation

0.0144**

Sunshine

-0.007

(0.007)

0.002

(0.03)

Air conditioning

46.205**

(20.203)

89.303***

(7.598)

Heat mechanical ventilation

99.01***

(20.101)

56.218***

(7.373)

Heat naturally ventilated

25.282

(19.874)

11.752

(7.281)

Mixed

93.446***

(20.766)

71.601***

(8.757)

44.796***

(7.567)

Mixed naturally ventilated

71.1606***

(20.766)

Biogas

72.488**

(29.641)

Not relevant

Biomass

34.82827

(21.206)

Not relevant

Coal

65.314***

(11.463)

Not relevant

District heating

-12.501

(8.827)

Not relevant

District electricity

-134.385***

(48.824)

Not relevant

Electricity

-110.541***

(4.138)

Not relevant

LPG

12.78

(23.482)

Not relevant

Oil

1.616

(3.909)

Not relevant

Other

-3.034

(33.071)

Not relevant

Smokeless fuel

232.259***

(48.393)

Not relevant

Anthracite

Base

n/a

School

-14.193***

(2.725)

-8.320***

(1.006)

University
Accommodation

4.874

(8.405)

4.416*

(2.392)

35.609***

(9.251)

-1.640

(3.192)

(halls and nursing homes)

Occupants

Heating demand
(Model V)

Not relevant

Office

-11.009**

(4.751)

9.649***

(2.705)

Hospital

38.522***

(7.807)

8.048**

(3.192)

Leisure

195.476***

(16.694)

69.464**

(34.603)

Warehouse

-22.075**

(10.365)

-9.194*

(5.300)

Retail

-68.225***

(6.077)

34.821***

(4.638)

Property owners, density

-44793.42***

(16669.06)

3696.969

(6772.347)

Size of building

0.00023**

(0.00011)

0.00017*

(0.000065)

Rateable Value

-14.928***

(1.824)

-4.162***

(1.145)

Urban Location

-28.627***

(10.774)

-31.379***

(4.932)

Town Location

-36.681***

(10.622)

-26.698***

(4.141)
(4.922)

Village Location

-29.196**

(10.622)

-13.567***

Hamlet Location

Base

n/a

Base

n/a
(1.297)

Year 2008

11.532***

(3.690)

4.500***

Year 2009

18.167***

(2.172)

4.135***

(0.787)

Base

n/a

Year 2010

Base

Constant

4309.355

n/a

271.517

R2 adj.

0.234

0.161

Note: Robust standard errors used, *denotes significance at the 10% level, ** at the 5% level, and *** at the 1% level
Source: Sturgis Carbon Profiling
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4.1 Results of regression analysis
The final regression models shown in Table 1 identify
a range of independent variables influencing the final
building energy demand. As previously discussed, energy
demand is disaggregated into two components, heating
and electrical energy, in order to improve identification
of the effects of individual climate variables. Each
independent variable is identified within a grouping
of similar variables, discussed in turn below.

• the coefficient for cooling degree days (CDDs) is
also shown to have a statistically significant effect on
electricity demand. As with HDDs, the CDD variable
allows us to examine the effect of distribution of actual
temperatures relative to mean temperature changes.
This variable also runs against the mean effect,
suggesting that thermal mass may offer the benefit of
moderating the impacts of temperature fluctuations on
electrical energy demand for cooling systems;

Climate

• precipitation was also shown to have a small but
statistically significant effect on heating, although the
nature of this impact is unclear and it may be the result
of an omitted variable bias such that places with high
rainfall levels require more heating as they are usually
more damp;

Average temperature is shown to be highly significant
in the demand models for both heating and electrical
energy. At current temperature levels, the effect on
heating demand is shown to be far greater than that
on electrical demand:
• for every degree of warming in the average
temperature in a given location, heating energy in
an average building in the sample decreases by
322kWh, whilst electrical energy increases by 9.4kWh;
• in the case of heating, this effect is shown to be
non-linear as increasing divergence from the current
average temperature results in smaller decreases in
heating demand. This may suggest residual heating
demands that are uncorrelated with climate, such as
to heat water, remain constant;
• the number of heating degree days (HDDs) is also
shown to be highly statistically significant, with each
additional HDD decreasing heating demand by
0.4kW/h. This effect appears counter-intuitive until
we consider the relationship of HDDs to the mean
temperature variable, which picks up the majority
of temperature change effects;
• the HDD variable allows us to identify the effect of
variation about the mean (representing more extreme
temperatures relative to the current distribution of
temperatures in a given location). This variable has
a negative coefficient, which suggests that buildings
can effectively absorb short-term variations in climate
conditions and could provide evidence for the
argument that thermal mass has a positive role to
play in future-proofing buildings from short-term
extremes in temperature;

• in both the electrical demand and heating demand
models, changes in sunshine are shown to have
little impact on energy demand. However, as the
installation of light sensors in buildings becomes more
widespread, it is anticipated that this variable will come
to have a greater impact on energy demand.

Building system
These variables identify the effects of plant servicing
strategies on energy demand from sample buildings.
The findings are generally as expected:
• the use of air conditioning systems has the greatest
impact on building electricity demand and these
effects are highly statistically significant;
• the use of mechanical ventilation for heating generates
the highest heating demand, which suggests that
substantial amounts of energy are commonly lost
through the ductwork in air systems;
• the use of naturally ventilated systems has no
statistically significant effect on either electricity
or heating demand;
• the use of mixed systems involving a variety of cooling
and heating systems is also shown to generate the
highest heating and cooling demands. This is believed
to be a consequence of inefficiencies caused by using
a variety of approaches simultaneously.
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Heating fuel type
Most of these variables pick up on expected inefficiencies
related to the types of fuel used in heating buildings.
Findings of particular interest are:
• buildings heated by coal, electricity, smokeless fuel and
biogas have, on average, higher demands for heating
energy than those heated by other fuels. All of these
effects are highly statistically significant;
• by far the highest demand for heating energy comes
from buildings heated by smokeless fuel: on average,
they consume 232kW/h/m2 more than comparable
buildings using other fuels;
• comparing buildings heated by coal and electricity
shows that the latter consume far more energy than
the former. This finding may be explained by
behavioural differences, in that when occupants have
to light a fire they tend to only heat one room at a time,
whereas using electricity might encourage them to
consume more energy in order to heat the whole
building uniformly;
• these variables may also be capturing an omitted
variable bias, in that buildings heated by electricity or
coal tend to be of poor quality construction and as a
consequence more inefficient, therefore requiring more
energy to maintain warm temperatures;
• such biases are not considered to generate undue
grounds for concern about the accuracy of the model,
as these controls are not anticipated to be correlated
with climate conditions in a given time period.

Occupants
These variables describe how the base energy
demand for a given use class is dependent on
the building’s function:
• for schools, the size of the variable indicates that
the average heating energy demand of the average
school is 14kWh/m2 less than the average
non-domestic building, and that the average
cooling demand is 8kWh/m2 lower. Both effects
are highly statistically significant;
• for universities, both the heating and electricity
demand variables are identified with weak statistical
evidence. A possible explanation for this is that
universities contain a diverse range of activities, that
categorising the building as a university does not
provide enough insight into how it will perform
compared to any other randomly chosen building.
In the light of this finding, further results for universities
are not reported in this report, although disaggregating
the data into more specific categories would be a useful
area of further research;
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• for accommodation, the average building in this
category in the sample is shown to have a heating
energy demand 35kWh/m2 higher than the average
non-domestic building. However, this figure is likely to
represent an over-estimate, given that this category is
primary composed of care homes and university halls
of residence, which have far higher heating demands
than the average home due to the high number of
occupants. The variable for electricity demand is shown
not to be statistically significant, which may be partly
explained by the limited amount of cooling provided in
accommodation in the UK. Again we would anticipate
this effect changing over time as the UK climate warms;
• for offices, the variable indicates that heating demand
is 11kWh/m2 lower than the average for non-domestic
buildings and that electricity demand is 9.6kWh/m2
higher than average. Both effects are shown to be
highly statistically significant;
• for hospitals, heating demand is 38.5kWh/m2 higher
than average and electricity demand is 8kWh/m2
higher than average. Both effects are shown to be
highly statistically significant;
• for leisure, heating demand is 195.5kWh/m2 higher
than average and electricity demand is 69kWh/m2
higher than average. Both effects are shown to be
highly statistically significant. Leisure is the asset class
with the highest energy demand in the sample, due to
the energy requirements of cooling gyms and heating
swimming pools;
• for warehouses, heating demand is 22kWh/m2 lower
than average and electricity demand is 9.2kWh/m2
lower than average. Both effects are shown to be highly
statistically significant. However, over 50% of the
buildings in the sample were Royal Mail distribution
centres and this may have led to a degree of bias in
these findings. It is recommended that a wider sample
should be included in further research to examine
whether any systematic bias exists for this asset type;
• for retail, heating demand is 68kWh/m2 lower than
average and electricity demand is 34.8kWh/m2 higher
than average. Both effects are shown to be highly
statistically significant. However, sample limitations
also exist for this asset class and it is recommended
that further research uses a wider sample to examine
whether any systematic bias exists;
• buildings in areas with high owner-occupier density
have lower heating demands. This variable may be
capturing a selection bias on the part of tenants and
occupiers, in that owner-occupiers are more likely than
tenants to choose accommodation with higher levels
of thermal performance. It may also be capturing the
effect of tenants consuming higher levels of thermal
comfort where landlords pay utility bills.
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Building characteristics

Time effects

A range of basic control variables were included here and
the following effects were identified:

Relative to 2010, average heating and electricity energy
demands were higher in 2009 and 2008. Given the climate
variables in this specification, these variables may be
explained by other time-dependent effects such as the
impact of the current economic recession or recent
changes to occupier densities in response to consolidation
and restructuring.

• larger non domestic buildings generally consume more
energy per square metre than smaller comparable
buildings, although the size of these coefficients are
very small;
• buildings in towns are more energy efficient than
comparable buildings in more densely populated
urban locations;
• buildings in hamlets, the most sparsely populated
areas, have the highest energy demand;
• the higher the rateable value of a building, the lower
its energy demand becomes. A possible explanation
of this relationship is that rental values tend to be
higher for newer buildings built to higher standards
of energy-efficiency.
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4.2 Validation of the model
Figure 45 demonstrates a high level of agreement between
the model’s predictions and, particularly, the CIBSE
benchmark, for all asset classes. The weaker correlation
with the CarbonBuzz dataset was also to be expected,
given the selection bias issues that emerge from data being
submitted to the website on a voluntary basis59.

The validity of the model is tested by using it to predict
the average carbon emissions from each use class under
current climate conditions, and comparing the results
with averages for each class from two external sources,
CarbonBuzz and CIBSE. For each use class in turn, the
coefficient dummy variable was set to 1 and the other
use class coefficients set to 0. The average value from
the sample for each of the remaining variables was
then multiplied by its corresponding coefficient and
the results summed, along with the model’s constant
(or minimum value).
The comparison datasets are:
• CIBSE TM46 57, the official source of the benchmark
emissions to which Display Energy Certificates are
compared. In the hospital use class, a notional CIBSE
benchmark has been calculated as a weighted average
of clinics and hospitals58, as the categorization used in
our model includes both these groups.
• CarbonBuzz, which provides an interactive database
of comparative performance, but relies upon the
voluntary submission of data by building owners.
It currently offers only a small number of records
(none at all for the sub-categories of hospitals,
swimming pools and warehouses) and consequently
a less reliable average. However, it offers a useful
indication of actual energy use across use classes.

Figure 45

The wider spread for retail may be explained by a bias in
the sample used in this research, towards public sector
premises such as jobcentres and parking shops, which
may have less intensive lighting and other energy demands
than private sector retail premises. It is also argued that the
CarbonBuzz benchmark is less reliable, as it is based on a
very small sample.
These validity checks demonstrate that, although not
perfect, the model produces robust predictions of energy
demand in comparison to other industry benchmarks.
Concerns about the accurate identification of use class
within the sample are also limited due to the lack of
correlation between use and the incremental effects
of climate change on energy demand.

Results from the model compared with external benchmarks
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57 CIBSE, 2008

58 Assuming a ratio of hospitals to clinics of 10:90.

59 Propensity to report success
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Figure 46

Application of results to climate change scenarios
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4.3 Application of results to climate change scenarios
Section 3 described the development of a model of the
relationship between temperature and energy demand
within a building, whilst Section 4.1 described whether
and to what extent this relationship is affected by a range
of characteristics of individual buildings.
This section describes the use of the results provided by
the model (the regression co-efficients) to predict how
energy demand in the future will be affected by changes in
climate, by varying the underlying climate conditions within
the model to reflect the changes predicted by UKCIP60.
Current average gas and electricity prices paid by medium
business users, and estimates of future changes in those
prices, were obtained from the Department of Energy and

Climate Change (DECC)61. Current greenhouse gas
conversion factors for mains gas and electricity were
obtained from the Carbon Trust62 and predicted future
factors from Sustain63.
Energy prices and conversion factors were used to
convert modelled current and future energy usage per
square metre into cost per square metre and emissions
rates for each of the use classes considered in this report.
Two sets of figures were produced, the first holding cost
and emissions factors constant and the second making
use of predicted future values for energy prices and
conversion factors.
This process is summarised in Figure 46.

60 The results in this section are presented in a series of graphs. The underlying data tables are presented in Appendix I.
61 Department of Energy and Climate Change, 2011 62 Carbon Trust, 2011 63 Jones, 2011
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Scale of predictive effects
The model was used to predict how operating costs and
carbon emissions would change with increased temperature,
for each use class. Aggregating the predicted effects across
the total floorspace in each use class across England
and Wales as a whole provides an illustration of their scale.
Figure 47 illustrates the predicted change in annual operating
costs by 2030 under the medium emissions scenario
(assuming that energy prices remain constant). For all use
classes, the increase in costs associated with electricity is
more than compensated for by the decrease in costs
associated with heating demand. The cost saving is greatest
for warehouses (£635million) and lowest for accommodation
(£28million). For offices, the model predicts a net annual
saving in the region of £405million.
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Figure 47

Aggregate change in operating costs across England and Wales by 2030 (constant prices)
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However, this optimistic forecast does not survive the
introduction of energy price increases planned as part
of the overall strategy of the Department of Energy and
Climate Change (DECC). Of particular note is the
weighting of electricity price increases, intended to
finance de-carbonisation of the National Grid, towards
business rather than household consumers.

Figure 48

Taking these price increases into account, operating
costs are marginally positive for all asset classes except
retail (Figure 48). For offices, this represents a net cost
in the order of £120million.

Aggregate change in operating costs across England and Wales by 2030 (increasing prices)
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Small scale breakdown
The model was then used to predict a more finely grained
breakdown of changes in operating costs and carbon
emissions per square metre in the long term (Figure 49).
It should be noted that in many locations demand for
heating energy falls to zero. This in turn accounts for a
large proportion of the differences in savings as they are
driven by initial demand.
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The constraint that energy demand cannot fall below zero
has been imposed on the model as although negative
energy demands are possible in theory, the practicalities
of transferring waste heat between asset classes of
uncorrelated energy demands is too complicated to
model with any accuracy, in our current set up.
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Changing energy demand can also be translated into
changes in operating costs, as illustrated in Figure 50
(assuming constant prices). For most use classes, the initial
cost savings suggested in Figure 47 are reduced markedly
over time.

Figure 50

Change in operating costs (GBP/m2/year)
GBP/m2/year
-£6.00

-£5.00

-£4.00

-£3.00

-£2.00

-£1.00

0.00

£1.00

£2.00

Retail

Building type

Warehouse
Leisure
Hospital
Office
Accommodation
School

2070-2099

2040-2059

2010-2029

Source: Sturgis Carbon Profiling

51

RICS Research – Non-domestic Real Estate Climate Change Model

Comparison of high, medium and low scenarios
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Three scenarios for the change in
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Figure 51 illustrates how changes in operating cost in
the long term diverge considerably between the three
scenarios. The effects are most extreme under the high
emissions scenario and least extreme under the low
emissions scenario. For office buildings, the operating
cost saving per square metre is initially (by 2030) the
same under all three scenarios but is only £1.96 by 2060
under the high emissions scenario compared to £2.78
under the low emissions scenario. By 2100, the saving
falls to £1.82 under the low emissions scenario but
becomes an additional cost of £0.42 under the high
emissions scenario.

Figure 51
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The findings of the preceding sections were derived
using predictions by UKCIP based on the IPCC’s medium
emissions scenario. This section describes how the model
was finally used to compare predicted changes under the
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range of uncertainty surrounding future climate change
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current and future development pathways.
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Figure 51
£1.00

Three scenarios for the change in
operating costs (GBP/m2/year)

Leisure

GBP/m2/year

0

-£2.00
-£3.00

• Changes in energy prices over time, which are subject
to high levels of uncertainty and a wide range of error
in long-term price predictions;

-£4.00
Low

Medium

High

Emissions scenario
£2.00

Warehouse

GBP/m2/year

£1.00

-£1.00
-£2.00

• Changes in the characteristics of the building stock,
as a result of new development, ongoing replacement
and refurbishment;

-£3.00
-£4.00
Low

Medium

High

Emissions scenario

£1.00
0
-£1.00
-£2.00
-£3.00
Low

• Changes in business structures, for example through
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The model also assumes that the building’s central plant
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energy required. At some point, however, this assumption
will no longer hold true and upgrading or replacement
of the central plant will be required if the building is to
avoid climatic obsolescence. This point, which could be
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to model as it will be highly specific to the individual
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the building and of the central plant.
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and climate change issues, or more intensive use of
office space;

0

£3.00

The model developed in this research examines
solely the effect of climate on building financial and
carbon performance.
Other influences will also affect these dependent
variables, but are outside the scope of this work. Notably,
in the next stage of developing the model, we aim to
include the effects of:

-£1.00

-£5.00

Comments on the model

Medium

Emissions scenario

High

It is however recognised that such discontinuities may
end up being a major driving force affecting the value of
buildings in the future.
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5.0 Asset and Locational Risk Predictions
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5.1 Maps
To explore spatial trends within the impact of temperature
change on building energy demand, prediction maps were
produced for each use class by applying the model to
each cell of current64 and likely future average temperature
maps, obtained through the UKCP09 database. The
following parameters were inputted to obtain the data:
• Emission scenario: Medium
• Output type: Temperature at a given probability level
• Probability level: 90%
• Time period: 2010-2029

Figure 52

Average change in (i) heating
demand (ii) electricity demand
across use classes by 2030

To produce the prediction maps, the spatially variable
temperature values and the average values across the
sample of the remaining variables were inputted into the
model. The resulting maps show the average estimated
change in energy demand and cost for all locations in
England and Wales predicted by the model by 2030.

Change in heating and cooling demand
The model predicted the greatest average decrease
in heating demand across building types in areas that
currently have the lowest annual temperatures. These
areas are mostly in the north of England and in Wales.
Predicted increases in demand for electricity, presumably
for cooling, show less variation across the study area.
There is however a slightly greater increase predicted
in the south east of England.
The magnitude of the predicted change in electricity
demand is also noticeably less than that of heating
demand.
It is likely that in the short term, as reflected in the trends
evident in the following maps, changes in cost will be
largely driven by the decrease in heating demand rather
than the modest increase in electricity demand. This is
likely to be reversed in the longer term if continued
temperature rises are experienced. Under these
circumstances, the increase in electricity demand would
become the dominant factor affecting building energy
costs, as heating demand approaches zero and
demand for electricity to power cooling systems
continues to increase.

Contains Ordnance Survey data © Crown copyright and database right 2011

Source: Sturgis Carbon Profiling
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64 Predicted future average annual temperature by 2029 – predicted change in average annual temperature by 2029
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Schools and offices
Schools and offices show much the same patterns in terms
of areas showing little or no decrease in energy costs and
carbon emissions. Both show a greater spread of areas
of low or no change than do leisure facilities and hospitals,
but less than retail or warehouses.

Figure 53

Change in (i) carbon emissions
and (ii) operating costs for
schools by 2030

Contains Ordnance Survey data © Crown copyright and database right 2011

Source: Sturgis Carbon Profiling

Figure 54

Change in (i) carbon emissions
and (ii) operating costs for offices
by 2030

Contains Ordnance Survey data © Crown copyright and database right 2011

Source: Sturgis Carbon Profiling
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Leisure facilities and hospitals
Leisure facilities and hospitals show the greatest
decreases in energy costs and carbon emissions
in coastal areas in the south of England.

Figure 55

Change in (i) carbon emissions
and (ii) operating costs for leisure
facilities by 2030

Contains Ordnance Survey data © Crown copyright and database right 2011

Source: Sturgis Carbon Profiling
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Figure 56

Change in (i) carbon emissions
and (ii) operating costs for
hospitals by 2030

Contains Ordnance Survey data © Crown copyright and database right 2011

Source: Sturgis Carbon Profiling
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Warehouses

Retail

Areas registering little or no decrease in energy costs and
carbon emissions are restricted to a few costal areas in
the south of England and Greater London. In these areas,
modelled heating demand in warehouses was initially low
or zero.

Retail shows the most extensive areas for which there
was little or no decrease in energy spend and carbon
emissions. This is attributable to low initial heating
demands from retail units in the first instance.

Figure 57

Change in (i) carbon emissions
and (ii) operating costs for
warehouses by 2030

Contains Ordnance Survey data © Crown copyright and database right 2011

Source: Sturgis Carbon Profiling

Figure 58

Change in (i) carbon emissions
and (ii) operating costs for retail
by 2030

Contains Ordnance Survey data © Crown copyright and database right 2011

Source: Sturgis Carbon Profiling
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Accommodation
Changes in energy costs and carbon emissions are
slightly less pronounced than those of retail but are
otherwise broadly similar.

Figure 59

Change in (i) carbon emissions
and (ii) operating costs for
accommodation by 2030

Contains Ordnance Survey data © Crown copyright and database right 2011

Source: Sturgis Carbon Profiling
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rics.org/research

6.1 Preliminary remarks
This research set out to investigate the impact of climate
change on non-domestic buildings. Its findings suggest
that within as little as 10-15 years, significant financial
impacts will begin to emerge.
Holding price levels constant, the results generally indicate
that costs will decrease in the short term (by around 2030)
and then increase again to levels much higher than today
in the long term (by around 2080).
The size of these impacts and the date of their onset are
largely determined by current demand profiles and
location, with buildings in the south and those with high
cooling and low heating demands most at risk.
The key findings presented in Section 6.2 focus on office
buildings, as these represent the most significant property
sector in terms of private sector investment. However,
trends across different use classes have also been
identified, with the most significant differences highlighted.

The research would not have been possible without
access to the full set of DEC records for England and
Wales. This fact alone suggests a compelling case for the
extension of the DEC scheme, to become mandatory for
all non-domestic buildings, to incorporate additional data
to aid future research, and to provide public access to the
dataset. With this mechanism in place, the development of
prediction models of greater complexity and accuracy is
within our grasp.
Although this report represents a work in progress and
has barely touched the surface of the subject, it makes a
crucial contribution to developing an understanding of the
impacts of climate change upon building performance.
The evidence is statistically robust, based on a substantial
set of actual building emissions data and authoritative
predictions of national climate change. The analysis
incorporates statistical significance testing and validation
of results against external benchmarks.

For owners of assets in other use classes, the findings
provide an understanding of the more specific impacts
upon those buildings. The owners of buildings with high
initial heating demands, such as hospitals, will potentially
benefit from the greatest cost reductions in the short
to medium term, whilst those with low initial heating
demands stand to lose the most.
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6.2 Key findings
Temperature rises are a key influence on energy demand.
For every degree of warming in the average temperature
in a given location, heating energy demand in an average
building in the sample decreases by 322kWh, whilst
electrical energy demand increases by 9.4kWh.
However, energy demand is resilient to short-term
fluctuations in temperature represented by HDDs and
CDDs, suggesting that the thermal mass of a building
has an important role to play in its energy performance.
Amongst heating and ventilation systems, air-conditioning
has the greatest impact on energy demand. Smokeless
fuel is the most energy intensive heating fuel, followed by
electricity and then gas and biogas.
Office buildings have lower heating demands and higher
cooling demands than the average building. Buildings in
towns have the lowest energy demand, and there is a
strong association between high rateable value and low
energy demand.
If prices remained constant, overall energy demand and
operating costs would decrease, as increased electricity
costs would be more than compensated for by reduced
heating costs. For office buildings, the aggregate annual
saving across England and Wales by 2030 is predicted to
be in the region of £405million (2010 prices).
However, many of these short term savings are removed
once planned price increases are taken account of. For
building owners, this represents a ‘double whammy’ effect
whereby electricity price increases intended to finance the
de-carbonisation of the National Grid will be weighted
towards business consumers rather than households,
whilst temperature rises will lead to increased demands
for electricity-based cooling systems.
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The model predicts demand for heating energy in many
use classes will fall to zero. In the long term future,
particularly in southern locations, many buildings are
likely to require minimal or no heating.
With this decline in heating demand, increases in
electricity energy demand become more important
determinants of overall operating cost. For office buildings,
demand per square metre increases to 126kWh/m2/year
by 2060 and to 139kWh/m2/year by 2100. Consequently,
the overall savings in operating costs, predicted to be
£3.98 per square metre in 2030, fall to £2.37 by 2060 and
£0.80 by 2100.
The findings above are all based on the medium emissions
scenario developed by the IPCC and used by UKCIP to
predict climate change in the UK. Although this scenario
represents the most likely future outcome, UKCIP also
generates predictions based on two alternative scenarios
of low and high emissions (the ‘best case’ and ‘worst
case’). Under these scenarios, energy demand and
operating costs predicted for 2030 are broadly similar to
those of the medium emissions scenario. However, in later
time periods they show an increasing divergence, with
cost savings per square metre (£1.82 under the low
emissions scenario) replaced by additional costs of
£0.42 under the high emissions scenario.
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6.3 Implications
General implications

Implications for investors and developers

In the short term, the model predicts decreased energy
spend across all building types as a result of decreased
heating costs (although costs will also be influenced by
current measures to improve building performance and
other factors such as the use of renewable energy
technologies). Those use classes with the highest heating
demands such as hospitals and leisure facilities have the
most to gain from this trend.

• Location and building characteristics will have
significant impacts on future financial and
environmental performance;

Over the long term, increases in demand for electricity
energy will become more significant than reductions in
demand for heating energy, as the latter approaches zero
and cannot be converted into further cost reductions. This
will result in a reversal from total energy costs decreasing
as heating demand drops to zero and electricity costs
increase because of increased cooling demand, eventually
offsetting the original savings.
Owners and occupiers of buildings with lower current
heating demands should be aware that they will be the
first to face this transition from savings to increased costs.
Owners of building use classes in which air-conditioning
is common and is coupled with a high cooling demand
should focus on exploring passive alternative cooling
techniques, such as reducing solar gain, in order to avoid
long term net increases in energy costs.
All buildings have a climatic threshold above which they
become climatically obsolete. It was beyond the scope
of this study to determine whether any buildings in the
UK would reach this point under current climate change
scenarios. However, analysis of the spare heating and
cooling capacities of different stock types would
enable further research to begin to pinpoint suitable
threshold values.

Implications for policy makers
• The mandatory roll out of Display Energy Certificates
will make future modelling simpler and more accurate,
and should be supported;
• Location and building characteristics should be used
to help identify communities that may be vulnerable
to impacts such as fuel poverty;
• The efficiency of subsidies for energy efficiency
measures should be reviewed by location and
building type;
• Location and building characteristics should be
considered in strategies to optimise the energy
performance of government and other public buildings.

• Development and portfolio investment decisions
should be informed by an understanding of regional
patterns in the impacts of future climate change upon
energy demand;
• Retrofitting to enable buildings to adapt to climate
change, together with a higher rate of building
replacement, will be needed as much of our ageing
building stock begins to face climatic obsolescence.
• These retrofitting and adaptation measures
should however take account of the embodied
and associated whole life carbon issues to avoid
the unintended consequences of shifting carbon
emissions further up the supply chain;
• Investing in cost-effective and environmentally efficient
techniques for cooling buildings will help reduce the
risk of their climatic obsolescence.

Implications for built environment professionals
• More attention should be paid to developing
cost-effective and environmentally efficient
techniques for cooling buildings;
• Resilience to climate change will affect the financial
performance and lifecycle cost of a building, and
should be factored into valuation methods;
• Display Energy Certificates contribute to developing
a body of knowledge about energy demand
characteristics;
• Resilience to climate change will become an
important feature of commercial buildings and should
be encouraged by national and local planning policy.

Moving forwards
Over the coming years, this research suggests that, in
the UK, the changing price of fuels is likely to become the
most significant driver encouraging people to decarbonize
their buildings, with climate-induced financial impacts only
becoming grounds for concern further in the future.
From a wider European perspective, however, actions to
mitigate these climate-induced financial impacts look likely
to become significant drivers of decarbonization of real
estate in the very near future.
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6.4 Recommendations for further research
Recommendation 1: Widen the scope of
the research to include data from Europe

Recommendation 4: Use DEC records as a
benchmarking tool

The first recommendation is to apply the specification
developed through this research to data from other
locations throughout Europe. Widening the scope of the
research in this way would enable the identification of
whether similar trends exist in other locations in Europe.

Publication of an annual summary of the actual
performance of non-domestic buildings, based on DEC
records, is recommended. This would help to increase
awareness of the role of DEC records and to identify the
latest trends in the performance of different use classes.

Increasing the sample to include data from other European
locations would also make it possible to identify long-term
impacts more accurately, as the UK begins to experience
climate conditions currently found in southern Europe.
Likewise, findings from the UK data could be used in other
European countries to understand the impacts of
conditions currently experienced in the UK, as similar
conditions become more prevalent in their climates.

For the benefit of future research, the DEC record could
be expanded to include additional information such as the
building age and condition, and a unique code identifying
each building to eliminate double-counting. With the
addition of 20,000 DEC records every year, this improved
dataset would help to improve and refine the specification
and thus make future predictions more accurate. It would
also help to identify whether newer buildings are more or
less resilient to climate change and thus to inform
understanding of mitigation and adaptation techniques.

Recommendation 2: Develop a dynamic
model, incorporating price changes
Further research is recommended to examine other
time-variant factors affecting operating cost, such as
grid de-carbonization and energy price changes. The
current model does not explicitly quantify these or other
equilibrium effects.
This research would provide a basis to quantify the
long-term elasticity of building energy demand with
respect to price changes, and to estimate the impacts
of building stock adaptation and improvements in
energy efficiency.

Recommendation 3: Improve the sample
Further research using this model would benefit from
increasing the range of DEC records from retail and
warehouse properties. This would reduce the bias
introduced as a result of a large proportion of records
representing single organizations such as the Royal Mail.
Disaggregating the universities sub-sample according
to the type of activities occurring would help to identify
individual effects within this use class more accurately.
Gathering more information about the specific occupants
of each building would provide greater insight into
behavioural and organizational structural effects on
energy demand. This could usefully incorporate a measure
of the productivity of different types of occupants.
Similarly, gathering more information about the individual
buildings in the sample, such as building age and the
condition of the central plant, would help to identify
individual effects more precisely.
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Recommendation 5: Quantify value
As the gap between the performance of newer and
older buildings increases, different groups of owners
and occupiers may value energy performance in different
ways. Further research is recommended to identify how
changes in operating costs over time relate to rental
values and void rates. Incorporating transactional data
will help to identify where future-proofing measures can
deliver the highest returns as well as identifying those
most at risk.
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Application of results to climate
change scenarios – data tables
Table 2

Results from the model compared to external benchmarks (CO2/m2/year)

Emissions predicted
by model

CIBSE benchmark
emissions

Carbon Buzz Database
average emissions

School

72.59

50.50

56.9

Accommodation

85.31

90.00

27.6

Office

82.78

75.10

73.7

Hospital/clinic

91.02

81.78

na

152.67

171.60

na

Warehouse

70.68

49.70

na

Retail

48.50

90.80

176.6

Leisure

Table 3

Aggregate change in operating costs by 2030 across England and Wales (constant prices)

Estimated
floor area

Heating

Electricity

66,012,500

-£415,462,700

£151,764,867

-£263,697,834

6,444,992

-£40,562,827

£14,817,244

-£25,745,583

101,456,000

-£638,533,364

£233,250,616

-£405,282,748

Hospital

32,000,000

-£201,398,317

£73,569,032

-£127,829,285

Leisure

11,707,067

-£73,680,737

£26,914,924

-£46,765,812

Warehouse

158,942,000

-£1,000,332,853

£365,412,784

-£634,920,069

Retail

106,299,000

-£669,013,741

£244,384,829

-£424,628,911

School
Accommodation
Office

Table 4

Total

Aggregate change in operating costs by 2030 across England and Wales (increasing prices)

Estimated floor
area

Heating

Electricity

Total

66,012,500

-£416,902,308

£439,016,663

£22,114,355

6,444,992

-£38,777,539

£44,843,103

£6,065,564

101,456,000

-£638,807,730

£758,596,624

£119,788,894

Hospital

32,000,000

-£191,975,023

£236,910,127

£44,935,104

Leisure

11,707,067

-£59,208,385

£119,745,283

£60,536,898

Warehouse

158,942,000

-£1,011,316,487

£1,050,656,445

£39,339,958

Retail

106,299,000

-£705,793,544

£577,356,178

-£128,437,366

School
Accommodation
Office
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Table 5

Energy demand by square foot (kWh/m2/year, medium emissions scenario)

2010 - 2029

2070 - 2099

Heating

Electricity

Heating

Electricity

Heating

Heating

School

-3.63

94.60

-75.90

108.10

-104.06

121.33

Accommodation

46.17

101.28

-26.10

114.78

-54.26

128.01

Office

-0.45

112.57

-72.72

126.07

-100.88

139.30

Hospital

49.08

110.97

-23.19

124.47

-51.35

137.69

Leisure

206.03

172.38

133.77

185.88

105.61

199.11

Warehouse

-11.52

93.72

-83.79

107.23

-111.95

120.45

Retail

-57.67

68.10

-129.94

81.60

-158.10

94.82

Table 6
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2040 - 2059

Change in operating costs (GBP/m2/year)

2010 - 2029

2040 - 2059

2070 - 2099

School

-£3.87

-£2.26

-£0.69

Accommodation

-£3.99

-£4.00

-£2.43

Office

-£3.98

-£2.37

-£0.80

Hospital

-£3.99

-£4.11

-£2.53

Leisure

-£3.99

-£4.92

-£4.33

Warehouse

-£3.59

-£1.98

-£0.41

Retail

-£1.98

-£0.37

£1.20

rics.org/research

Table 7

Three scenarios for change in operating costs (GBP/m2/year)

2010 - 2029

2040 - 2059

2070 - 2099

School
Low

-£3.88

-£2.67

-£1.71

Medium

-£3.87

-£2.26

-£0.69

High

-£3.86

-£1.85

£0.53

Accommodation
Low

-£3.98

-£4.42

-£3.46

Medium

-£3.99

-£4.00

-£2.43

High

-£4.01

-£3.59

-£1.21

Office
Low

-£3.98

-£2.78

-£1.82

Medium

-£3.98

-£2.37

-£0.80

High

-£3.97

-£1.96

£0.42

Hospital
Low

-£3.98

-£4.52

-£3.56

Medium

-£3.99

-£4.11

-£2.53

High

-£4.01

-£3.69

-£1.32

Leisure
Low

-£3.98

-£4.83

-£4.88

Medium

-£3.99

-£4.92

-£4.33

High

-£4.01

-£4.91

-£2.86

Warehouse
Low

-£3.60

-£2.40

-£1.44

Medium

-£3.59

-£1.98

-£0.41

High

-£3.58

-£1.57

£0.81

Retail
Low

-£1.99

-£0.78

£0.18

Medium

-£1.98

-£0.37

£1.20

High

-£1.97

£0.04

£2.42
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