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energy use and carbon emissions may
present a challenge. Keeping external spaces
comfortable also needs to be carefully
considered.

ABSTRACT
This paper presents a research study on climate
change adaptation strategy for The Cooperative Head
Office building in Manchester, UK. The study
focusses on the impact of projected future weather
conditions on potential overheating risk. Simulation
was used to evaluate the extent of the potential
impact and assess the effectiveness of the
recommended adaptation measures. A number of
innovative passive design features have already been
incorporated in the scheme, but how the innovative
systems would respond under future climate
projections, is one of the key areas that are addressed
in the proposed study.

INTRODUCTION
Climate change is already happening. It has been
predicted that severe droughts are now twice as
common as they were in 1970, and the risk of the
heat wave equivalent to 2003 in Europe will be
doubled in the future. International communities have
all agreed to a joint effort of reducing greenhouse gas
emissions. Policies and regulations have been put in
place in each country and region with a prime aim of
reducing greenhouse gas emissions from various
sources.
Most of these policies and incentives are through
limiting the amount of carbon emitted by
developments
(known
as
“mitigation”),
predominantly via energy efficiency and clean
energy sources. Preparing for and adapting to these
inevitable climatic changes is a parallel and
complementary action to reducing greenhouse gas
emissions.
The
Technology
Strategy
Board
(TSB)
commissioned a report - Design for Future Climate:
Opportunities for Adaptation in the Built
Environment (Gething, 2009), detailing the major
impacts of climate change on the design of buildings
in the UK. Gething in the report suggested that the
impacts of the changing climate on the built
environment can be grouped into three main
categories:


Designing for comfort – warmer winters
may reduce the need for heating, but
keeping cool in summer without increasing
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Construction – Extreme climatic conditions
may impact upon structural stability,
detailing, and the behaviour of materials.



Managing water – both flooding and water
shortage may have both operational and
safety implications. Managing water needs
to consider water conservation, drainage
design and flooding risk management.
Rising summer temperature will potentially cause
overheating. The effect can be particularly noticeable
for occupants when temperatures peak in the late
afternoon as a building soaks up heat from the day.
The use of mechanical ventilation and air
conditioning is expected to rise in buildings due to
rising temperatures. This could be made worse by the
“Urban Heat Island” (UHI) effect. The result is urban
centres being a lot warmer than the surrounding less
urban areas, especially at night. According to the
London Climate Change Partnership, the UHI
currently adds up to a further 5-6°C to summer night
temperatures and will intensify in the future.
Manchester University’s COincident Probabilistic
climate change weather data for a Sustainable built
Environment (COPSE) research project found that
the peak UHI in the Manchester city centre can reach
7-8oC at summer night (Cheung H. and Levermore,
G. 2010).
The Cooperative Head Office
The Co-operative Head Office building has been
designed to achieve the highest possible
environmental targets including Energy Performance
Certificate (EPC) A, BREEAM Outstanding, and
Display Energy Certificate (DEC) A along with other
carbon targets (Hitchmough, M. et al., 2011). These
ambitious sustainability targets have been achieved
due to the adoption of the passive design features,
high efficiency HVAC system, energy efficient
lighting, controls, and the Co-operative’s energy
efficient IT purchasing and operation policies
(Hitchmough, M. et al., 2011). Innovative design
features include a double skin façade and earth duct
ventilation air supply. During the design process, in
order to gain more confidence that the decisions
made now would be suitable for both the real weather
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today, and the current best guesses about future
weather patterns, the team tested the thermal
response of the building to the CIBSE future weather
tapes based on UK Climate Impacts Programme
(UKCIP02) projections (CIBSE, 2002). It was found
that the passive design features adopted have reduced
the cooling demand to a minimum. The chiller
designed would need to run extra longer periods to
deal with rising summer temperatures. The indoor
comfort conditions can be maintained without a need
to increase chiller and chilled beam capacity.
The UK Climate Impacts Programme (UKCIP)
published the latest UK Climate Projections UKCP09
and has adopted a statistical approach. Different from
the previous projections including UKCIP02 which
used deterministic approach to climate projection,
UKCP09 provides probabilistic projections based on
quantification of the known sources of uncertainty.
The primary objective of this study is to investigate
the extent to which the projected climate change
presented by UKCP09 will impact upon the design in
terms of risk to both the building and its occupants,
and then develop recommendations for adaptation
measures. Specifically, the study is focused on
assessing the impact of rising summer temperatures
on passive design measures and how management
regimes can help adapt the building and its
occupants.

CLIMATE PROJECTIONS FOR
MANCHESTER
Since the release of UKCP09 weather data, a number
of climate change studies have been carried out for
the North West of England (North West regional
Development Agency NWDA and Environment
Agency, 2008). Cavan, G., 2010 concluded that
future climatic changes for Greater Manchester can
be summarised as follows:


Overall rise in dry-bulb temperatures, i.e.
higher maximum, minimum and average
temperatures;



Increase in global radiation;



Increase in air moisture content;



Overall decrease in annual precipitation (but
winters are projected to be wetter).

More specifically, Figure 1 compares the annual dry
bulb temperatures and global radiations between
2005, 2020/2030, 2050 weather tapes. These tapes
have been developed by CIBSE methods and ISO
standard (Eames, M. et.al. 2011). All projections are
for High Emission Scenario. Although UKCIP02 and
UKCP09 climatic models have a range of
differences, in general trend, the projection of the
50th percentile of UKCP09 (though this is not strictly
a true comparison) should be comparable with that
from the UKCIP02 projection. UKCIP02 data for
2020 and 2050 series are presented which were used
at the design stage to test the sensitivity of the chiller

capacity against the CIBSE future weather tapes. For
UKCP09 data series, 90th percentile scenario
represents the case that there is an 10% chance to be
exceeded by the future climate data (an 90% chance
not to be exceeded in the future). 2050s projection
with high probabilistic of 90th percentile would
reflect near worst case. 50th percentile would
represent median risk of projections. Generally 2050s
with 90th percentile gives roughly peak summer
temperatures as the 2080s with medium probabilistic.
Data in Figure 1 uses Test Reference Year (TRY)
weather tape. The CIBSE Test Reference Year
(TRYs) data series are commonly regarded as a year
with “average” temperatures and are intended
primarily for use in determining average annual
energy consumption. A TRY is a year of weather
data that is a composite of twelve typical months, not
necessarily from the same year. Analysis using
Design Summer Year has also been performed and
presented. Design Summer Year data series (DSYs)
were created primarily for assessing summer
overheating risk (CIBSE, 2002).
Figure 1 compares data for the following data series:


2005 TRY,



UKCIP02 2020 TRY,



UKCP09 2030 90th percentile TRY,



UKCIP02 2050 TRY,

 UKCP09 2050 90th percentile TRY.
Figure 2 compares these data series for the DSY. It
can be observed from Figures 1 and 2 that there are
more hours exceeding 25oC in 2050s using UKCP09
TRY data series with 90th percentile than in the
UKCIP02 2050s weather data. However, UKCIP02
TRY presents more hours exceeding 31oC than in
UKCP09 data. Comparing the UKCP09 90th
percentile TRY data series, 2030s present more
extreme peak temperatures than that from 2050s data,
even though generally warmer temperatures are
observed in the 2050s data. UKCP09 90th percentile
DSY data series present much higher temperatures as
expected.
Global radiation is considerably higher in the
UKCP09 2050s than in the UKCIP02 2050s, as
expected (as shown in Figures 1 and 2).
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TRY ambient air dry bulb temperature (°C) - % of annual hours within ranges
UKCP09 2050
90th percentile TRY
UKCIP02 2050 TRY
UKCP09 2030
90th percentile TRY
UKCIP02 2020 TRY
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Figure 1 Dry Bulb Temperatures and Global
Radiation (TRY)
DSY ambient air dry bulb temperature (°C) - % of annual hours within ranges
UKCP09 2050
90th percentile DSY
UKCIP02 2050 DSY
UKCP09 2030
90th percentile DSY
UKCIP02 2020 DSY

2005 DSY
94%

< 25

95%

25 to 27

96%

27 to 29

97%

29 to 31

98%

99%
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100%
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DSY global solar radiation (W/m2) - % of annual hours within ranges
UKCP09 2050
90th percentile DSY
UKCIP02 2050 DSY
UKCP09 2030
90th percentile DSY

throughout the year, with the incoming air being preheated in winter and pre-cooled in summer.
During early stages of the design, a range of different
earth tube configurations and lengths were analysed
using IES-VE thermal modelling software. The
preferred earth tube design consisted of three
separate tubes each rated at a third of the total air
flow volume. Whilst longer earth tubes gave
increased energy benefit, any more than a 30m long
earth tube proved financially unviable. However, the
final installed solution includes earth tubes at varying
lengths from 30m to 60m due to constraints of the
location of the inlet positions within the public realm
to the south of the building. Figure 3 shows the
general arrangement of the installed earth tubes and
Figure 4 indicates the thermal model representation
created to test the pre-heating and pre-cooling
performance of the earth tubes in response to varying
ambient air and ground conditions. Figure 5 shows
the IES model of the entire building.
The model was created with straight tubes having the
same surface area, horizontal separation and depth
below ground as the installed tubes. Thermal
coupling of the earth tubes and the ground was
modelled by including a thickness of earth in the
model construction definition. A thickness of 2m
above the earth tube was used to match the installed
depth; a thickness of 4m was included between and
around tubes to match the installed separation and to
provide adequate buffering between the tube walls
and ambient air; 10m of earth was included below the
tube to allow an adjacent temperature to be applied to
the construction equal to the annual average air
temperature for the relevant weather data. Thermal
properties of the earth were based on a sand/gravel
soil type, as found to exist uniformly to below 10m
during ground investigation works. Boundary
conditions beyond the modelled earth thickness were
treated
as
adiabatic,
representing
ground
temperatures unaffected by the earth tubes.

UKCIP02 2020 DSY
2005 DSY
94%

< 500

500 to 600

95%

600 to 700

96%

700 to 800

97%

98%

800 to 900

99%

900 to 1000

100%

> 1000

Figure 2 Dry Bulb Temperatures and Global
Radiation (DSY)

EARTH TUBES
An earth tube air supply has been designed to provide
fresh air to the Head Office building. It is effectively
an earth-to-air heat exchanger which draws
ventilation air through ducts buried underground. The
temperature of the ground dampens and delays
fluctuations in ambient air temperatures and remains
at a relatively constant temperature at around 10m
below the surface. Earth tube heat exchange provides
opportunities for passive space conditioning
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Figure 3 Earth tube installation arrangement
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construction
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construction
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Figure 4 Earth tube model

Figure 6 IES models for earth tube subdivision check
73 metre earth duct - TRY05 Jan 11
0 1 2 3 4 5 6 7 8 9 10111213141516

Air Temperature °C

0

Figure 5 IES model of the entire building
Sensitivity of the earth tube model
Prior to assessing the performance of the earth tubes,
a check was made on the sensitivity of the modelling
output to the extent of subdivision of the tubes into
discrete thermal zones (Figure 6). Temperature
profiles through the tube having varying numbers of
subdivisions are shown in Figures 7 and 8 for a
winter day (with inlet air temperature at -2.2oC) and
summer condition (with inlet air temperature at
22.8oC), respectively. The study showed a lumped
parameter approach to the entire length of the tube is
not appropriate as it under-estimates the temperature
difference between the tube inlet and outlet
temperatures. For subsequent analysis, the tube has
been modelled by dividing the length into a number
of small sections to capture the heat transfer
accurately.

-0.5
One duct zone
-1

Four duct zones
Eight duct zones

-1.5

Sixteen duct zones
-2
-2.5

Earth tube No. of subdivisions

Figure 7 Modelled earth duct temperature profile –
winter condition
73 metre earth duct - TRY05 July 11
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0 1 2 3 4 5 6 7 8 9 10111213141516
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Figure 8 Modelled earth duct profile – summer
condition
Impact of future climate
The earth tube model has been used to run under the
UKCIP02 and UKCP09 weather tapes. Performance
comparison of the earth tube is represented by the
predicted pre-heating and pre-cooling energy
savings, as indicated in Figure 9 for TRY data and
Figure 10 for DSY data. It is clearly demonstrated
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with warming climate expected in 2050s, there is a
clear trend showing that earth tube will continue to
offer good performance. Using the ground as heat
exchanger will slope off peak ambient temperatures
expected in the future climate thus offering
increasing energy savings for pre-heating and precooling.
In addition, as part of the research study, a possibility
of using bypass route to supply fresh air directly to
the ventilation plant has also been investigated.
When the ambient temperature falls within 10-18oC
depending on whether it is beneficial to exchange
heat with the ground, the bypass route could
potentially utilise free heating and free cooling. The
predicted performance is indicated in Figure 11 for
TRY data series. It is clearly demonstrated that using
the bypass can increase the energy savings. However,
this is a theoretical study. Due to the site constraints,
it was found that the bypass route is difficult to
implement on site and it may result in adverse impact
on other systems.
Earth duct preheating/precooling - TRY weather data
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Figure 9 Predicted pre-heating and pre-cooling
energy savings (TRY data series)
Earth duct preheating/precooling - DSY weather data
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Figure 10 Predicted pre-heating and pre-cooling
energy savings (DSY data series)

Earth duct preheating/precooling with and without bypass - TRY weather data
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Figure 11 Comparison of performance using bypass
of the earth tube (TRY data series)

ADAPTIVE THERMAL COMFORT
Significant research has been undertaken in
developing the adaptive comfort criteria for buildings
where occupants have control over their
environment. ASHRAE Standard 55-2004 first
introduced the adaptive comfort criteria for the
evaluation of the indoor environment for buildings
without mechanical cooling. ASHRAE Standard 552004 adaptive comfort model uses mean monthly
outdoor air temperature as input parameter.
The European standard BS EN 15251, which
underpins the Energy Performance of Buildings
Directive of the European Union was launched in
2007. BS EN 15251 adaptive criteria for the indoor
temperature are specified based on the maximum
operative temperatures against running mean outside
temperatures for the three categories, as presented in
Figure 12, where Category I represents “high level of
expectation only used for spaces occupied by very
sensitive and fragile persons, II for “normal
expectation for new buildings and renovations”, and
III for “moderate expectation (used for existing
buildings)”. Comparing with the ASHRAE-55
standard, the monthly temperature as an input is
replaced with a parameter in the BS EN 15251
method that allows for a more gradual course of
indoor temperatures. This gradual change is more
appropriate and fitting to the concept of adaptation
(Hoof, J.V. 2007).
CIBSE Guide A, 2006 presents recommended
adaptive thermal comfort criteria for the UK, which
is generally in line with BS EN 15251. CIBSE
adaptive comfort model is applied in the assessment
of indoor comfort conditions for 2005 for comparison
with the current standard. In addition, the adaptive
criteria are also applied for 2050 data projections to
indicate the trend in overheating risk.
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Figure 12 BS EN 15251 Adaptive Comfort Criteria

Base case

Management and operation changes suc
such as
encouraging staff to work at home, and using more
energy efficient equipment, or re-locating
locating staff to
work at the north facing office from the south facing,
can reduce the exceedance of 25oC to less than 5% of
occupied hours in 2050s based on the median
scenario as represented by UKCIP02 data series. This
is clearly demonstrated in Figure 14, which implies
that if such management measures can reduce
internal occupancy load to 50% and user eq
equipment
load to 20%, the internal comfort criteria can still be
maintained based on the median projection.
However, under the near extreme case with 90th
percentile projection for 2050s shown in Figure 15
15,
the number of hours above 25oC will be more than
5%
% of occupied hours even with the adaptation
measures such as the management changes.

50% occupancy 20%
user equipment

50% occupancy 20%
user equipment
modified occupancy
profile

Mitigation measure

Figure 13 Frequency of temperature exceeding 25oC
(2005 DSY)
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UKCIP02 2050 DSY: Level 6 south office dry resultant temperature (°C)
(
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7
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Figures 13, 14 and 15 compare the overheating risk
using the commonly adopted CIBSE criteria, i.e. no
more than 5% of occupied hours exceeding 25oC
(and 1% of occupied hours exceeding 28oC). As can
be seen for the Base Case, i.e. with design load and
occupancy, currently designed
ned building meet
meets the
comfort criteria for the 2005 weather (as shown in
Figure 13). However, the 5% threshold is exceeded
in 2050s for both UKCIP02 (Figure 14) and UKCP09
projection with 90th percentile (Figure 15)
15).
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Figure 14 Frequency of temperature exceeding 25oC
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Figure 15 Frequency of temperature exceeding 25oC
(UKCP09 2050 90th Percentile DSY)
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Figures 16, 17 and 18 present data using CIBSE
adaptive thermal criteria for 2005, UKCIP02 2050s
and UKCP09 2050s data series respectively. The
white band of comfort zone indicates temperature
range in which occupants will likely feel comfortable
if they have measures to adapt to the environment.
As can be seen, under the near extreme warm
conditions projected by UKCP09 2050s 90th
percentile, indoor temperatures are within the
comfort band.
2005 DSY Level 6 south office
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temperature (°C)

Dry resultant temperature °C
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23
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Figure 16 Comfort range using CIBSE adaptive
thermal comfort criteria (2005 DSY)
UKCIP02 2050 DSY Level 6 south office
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Figure 17 Comfort range using CIBSE adaptive
thermal comfort criteria (UKCIP02 2050 DSY)
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