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Executive Summary

Many existing buildings are not adapted to our current climate i the impacts from
previous heat waves and floods have highlighted how vulnerable we can be to extreme
weather. The planned refurbishment of the London School of Hygiene & Tropical
Medi ci neds Kepp eprovides anepgportunityate ddapi theyexisting building in
order to be resilient to future climate impacts.

Even if carbon emissions could be reduced to zero today, a certain amount of climate
change is now considered inevitable. Climate change will mean that the UK will
experience an increasing risk of floods, droughts and uncomfortably hot weather within
the lifetime of buildings in use today. Therefore, it is crucial to put measures in place that
allow us to adapt to the changing climate.

Funding provided by the Technology Strategy Board has been used to allow the AECOM
adaption project team to work alongside the design team contracted by the School to
develop a climate change adaptation strategy for the Keppel Street building. The
approach used is based on AECOMO6s
which has been tailored to be applicable to buildings. We also had to factor in the
significant constraints posed by the building in terms of its physical structure and complex
internal |l ayout, ités central London
Grade |l listed status and location within the Bloomsbury Conservation Area. This has
enabled the team to identify and model the potential impacts of a changing climate using
the UK Climate Projections 2009 (UKCP09) andt h e
weather files which are compatible with IES building simulation software.

The risks to the building and its users were identified as overheating, localised flooding
from excess surface water runoff and water conservation. However, the risk assessment
approach that was applied identified the most significant risk to be the overheating of
internal spaces. Extensive thermal modelling was carried out to understand the make-up
of the cooling demands and to identify where spaces (both naturally ventilated and
mechanically cooled) are overheating, and how these might change with the onset of
climate change.

Risks related to ground conditions and structural stability were also investigated at a high
level and assessed for their level of severity, but were not deemed to be significant for the
building given its structural form and sheltered location. Some consideration was also
given to the availability of water and how the building should adapt to deal with potential
shortages of supply in the future.

positio

Uni ver si Prgmetheusd Ex et

In summary, the adaptation of the existing Keppel Street building to accommodate the
impact of future climate change, particularly with regards to projected increases in
temperature, is essential in ensuring that the building can continue to be used effectively
and efficiently as a place of education and research. There is no doubt that the task of
doing so will be very challenging, not to mention potentially expensive. However,
considering the severity of the problems that are predicted to arise with climate change, it
is imperative that the School looks seriously at the options that are available to mitigate
the risks from these climate impacts.

As part of this study we have costed the solutions identified as having the most potential
to increase the adaptive capacity of the building, taking account of the physical and
planning constraints. It is recognised that it would not be practical, nor needed, to
implement all measures at once and as one single package of works. We therefore
assessed each solution against the categories used in the UKCIP Adaptation Wizard tool
to identify how each should be prioritised and implemented as part of a sequential
upgrading approach. In summary, the School could choose to implement each solution in

establ i sh ¢he orderdorapidrity tisted overlgaf. Mastnmessgres allew for antblerheatgtign, over time,

therefore enabling the School to spread the capital cost (although it should be noted that
overall project costs could be higher if works are carried out on a piecemeal basis).

However nifdiinatclally vighlk, at fisrécamgnended that @ sumibses of theseé mdasudks avei t h

implemented as a single package of works in order to receive the immediate benefits.

It should be noted that given the severity of the overheating risk thatd sissociated with

er os

water conservation, together with the number of additional benefits offered, we have
promoted efficient lighting from 3" to 2nd priority and demoted water efficient sanitary
ware from 2™ to 3rd priority.

At present, we have categorised i mproved
therefore has least priority, due to the planning issues and need for discussion with LB
Camden. However, if following this discussion improving the glazing performance is
acceptable, a re-evaluation of this issue should be carried out to determine if it should
increase in priority.

gl a
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Priority level UKCIP Category Implementation approach

1% Efficient IT No Regrets Flexible implementation, suited to an
equipment 6as and whend appr (
2" Efficient Win-Win Flexible implementation possible;

lighting however benefits realised immediately
if implemented as a single package

3 Low water
sanitary fittings

Low Regrets Flexible implementation possible;
however benefits realised immediately

if implemented as a single package

4™ Rainwater Win-Win Implementation as a single package

harvesting

5™ Green roof Flexible or Adaptive Flexible implementation, suited to an
Management 6@ and whendé approa

rationalisation of roof plant

6" Improved Delay Flexible implementation possible;
glazing however benefits realised immediately
if implemented as a single package

The parallel Infrastructure Study has put forward a number of packages of work (known
as Lots), some of which include a number of measures that have been identified in this
study as increasing the adaptive capacity of the building. Therefore these measures offer
multiple benefits and should not be viewed by the School as being in addition to the
Infrastructure refurbishment works. The results of this study could in fact support the
School in making a more informed decision in identifying which Lots to prioritise.

It is evident from various academic and industry research that not all adaptive solutions
are based on architectural and engineering design. Consideration should be made by the
School for the role of building users and their perception of thermal comfort, and for how
the building and business is operated and managed.

In terms of mechanically cooled spaces, an acceptance may be required by users that the
space temperature will be allowed to reach slightly higher temperatures than current
levels (set point is currently 22°C). An exception to the rule may be laboratories that
require certain contained environmental conditions.

Our modelling has identified that internal gains from lighting and small power (particularly
from equipment such as IT) is contributing significantly to overheating levels. Although the
upgrade of the lighting system is an engineering measure which includes occupancy and

daylight sensors, building occupants must be encouraged to adopt good practice to
reduce the energy consumed for lighting by switching off lighting when leaving a room,
and by ensuring blinds are always left open unless required to control glare.

Similarly, good practice must be adopted for all non-essential equipment when it is not in
use. This includes IT and other desktop equipment, but should also include laboratory
equipment, such as bench-top and glass drying equipment, and ensuring fume cupboard
sashes are kept fully closed when not in use.

However these measures make most sense to carry out during planned replacement /
maintenance, as in themselves they are not cost effective measures to carry out. This
suggests a general strategy to replace equipment when it needs replacing, and not
substantially earlier.

This may require the School updating its carbon management plan and energy efficiency
strategy to include a campaign to raise awareness amongst students, staff and visitors.
This could include the preparation of a building user guide, particularly once the
refurbishment works have been carried out, to help educate occupants on how best to
use the building to ensure its optimum performance. From discussions with the client, it

appears that students are strongly in favou

therefore actions to encourage good practice should mostly be well received.

Additionally it has been identified that IT equipment should be replaced (as and when) by
the most energy efficient equipment available. This is unlikely to incur additional cost and

should form part of the School ds procurement

reflect the outcomes of this study. In summary therefore we have made the following
recommendations in order of priority:

1*  Efficient IT equipment

2" Efficient lighting

3 Low water sanitary fittings

t Rainwater harvesting

4
5" Green roof
6

" Improved glazing

At the time of completing the CCA study, the School has not decided whether or how to
proceed with the major refurbishment project, due to cost issues. Because of this there
have been no decisions made as to whether to accept or not the recommendations of this
Climate Change Adaptation study.
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1 Building Profile: London School of
Hygiene and Tropical Medicine

1.1 Introduction

The London School of Hygiene & Tropical Medicine (LSHTM)i s one of t he
centres for postgraduate teaching and research in public health and tropical medicine. The
School provides a national and international focus of collaboration in teaching and research
which integrates laboratory, clinical, population and social sciences to address the broad
issues of health and has become a world leading centre in its field.

The mission of the School is to contribute to the improvement of health worldwide through the
pursuit of excellence in research, postgraduate teaching and advanced training in national and
international public health and tropical medicine, and through informing policy and practice in
these areas.

LSHTM comprises a number of buildings at various locations across London; this study

refers to the Keppel Street buil didiyg buh édeé afgto:e

The case study building is situated within the London Borough of Camden and is bound
between Gower Street and Malet Street with its main entrance on Keppel Street.

In terms of structure, the case study building is a 6-storey above ground development with a
lower ground floor and basement, totalling a floor area of 20,000 mZ. Vaults are provided to
the basement level beneath the footpath. The original internal light wells have been in-filled to
provide additional accommodation.

The current building services infrastructure (i.e. heating, ventilation and cooling) is aged
and elements have been replaced as and when required, but on a piecemeal basis.
Despite the challenges presented by this strategy, the building maintenance team have,
to date, successfully kept the building operational; however it is now recognised that a
major refurbishment of the building services is required.
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LSHTM buildings: Key University buildings:

1. Keppel Street A. University of London Union (ULU)

2. 15-17 Tavistock Place B. Birkbeck

3. 9 Bedford Square C. School of Oriental & African Studies (SOAS)
4. 49 - 51 Bedford Square D. Logan Hall, Institute of Education

Figure 1: Location of building

The original building dates from the 1920s and has been modified and extended,
particularly over the | ast decade, t o
present, the accommodation is provided as per the adjacent table.

Generally the second floor and above are designated for laboratories, associated write-
up areas and specialist laboratories with the remainder of the accommodation located
on lower ground, ground and first floors. Building services and laboratory plant is
generally provided on the roof and in the basement.



London School of Hygiene & Tropical Medicine Climate Change Adaptation Strategy

Level Activities/functions 1.3 Planning Constraints

The case study building has a stone and brick wall structure and is listed as a Historic
Basement floor Plant room and vaults Building (Grade 11). In addition, it is situated within the Bloomsbury Conservation Area
Lower ground floor Teaching; meeting rooms; some plantroom; refectory; data of LB Camden.

centre; administration _ ) o
These factors offer considerable constraints when considering changes to the external

Ground floor Offices; administration . - . ) . . .
. i o . . envelope; for instance, if intending to replace windows to improve fabric performance in

First floor Offices; administration; library terms of energy efficiency and reduce unwanted solar gain. This is due to local

. . ) authority policies relating to local characteristic and heritage protection, and aesthetic

Second Floor Containment Level 2-type laboratories, offices; quality y P g 9P

Third Floor CL2-type laboratories; offices; administration ) ) )

Forth Floor Specialist Laboratories Alteratlons to the roof.area al§q .r.equwe _plannlng .conser_1t and LB Camden are
. . . particularly concerned with roof visibility and its aesthetic quality.

Fifth Floor Specialist Laboratories

Sixth Floor Specialist Laboratories Roof visibility

Roof Plant space l

1.2 Energy Demand and Sustainability Objectives

The School is endeavouring to increase its sustainability and green profile across its entire
campus and recognises the dual risks of climate change; the impact the School has on future ;
climate through CO, emissions, and how the School will be impacted by future climate and the E
need to be resilient. Recent projects have included the installation of sustainable technologies, h :
such as solar PV, and the LSHTM Sustainability Group has developed (or are developing) a /
number of sustainability policies and actions in orde t @
aspirations and CO; reduction targets. Windows

chool 6s sust

Through the above policies and actions the Sustainability group is exploring a number of
sustainability initiatives and actions. However, the School has recognised that achieving
appreciable CO, savings will be challenging given the current energy demand of the case
study building. At present, heating demand accounts for 30% of t hFégureb2ukieppel Stfagades ener gy
consumption, with the remaining 70% attributed to electrical consumption. Energy metering

shows that night time consumption is 25% of that used during the daytime, whilst this figure is 14
20% for unoccupied periods such as the Christmas holiday period. Given the nature of its
primary function, the case study building is in constant use and this is a key consideration for
any strategy developed by the School.

Facade

Physical Constraints

The case study building also offers significant physical constraints in terms of its
complex internal layout, multi-function operation and the utilisation of its roof space, as
indicated by Figure 3 and Figure 4. The Central London location also contributes a
number of constraints in terms of dense urban make-up. All these issues pose
challenges when considering strategies for ventilation and cooling (in particular
laboratories which require specially controlled environments, which increases with the
containment level), but also in terms of heating, lighting and the use of small power
equipment.
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Figure 3: Example of internal layout

Figure 4: Aerial view of roof and complex plant distribution



London School of Hygiene & Tropical Medicine Climate Change Adaptation Strategy

2 Climate Change Risks

2.1  Climate modelling

The UK Climate Projections 09" (UKCPQ9) is the latest installation of climate programmes
which uses new methodology developed by the MET Office to predict changes to future
climate, with a corresponding measure of uncertainty included in the methodology. In
other words, whilst its predecessor (UKCP02) used deterministic approach to climate
projection, UKCPO9 has adopted a statistical approach.

UKCPO09 has generated large amounts of data covering 25km grid cells of the whole of
the British Isles. The climate parameters available through UKCPO9 have been
categorised into 2 batches due to limitations in the climate model and the inability to
process all relevant parameters into a single simulation. These batches of parameters are
as follows:

Batch 1 Batch 2
Total Cloud
Relative Humidity

Specific humidity

Net surface long wave flux

Mean Temperature Net surface short wave flux

Maximum Temperature Total downward shortwave flux

Minimum Temperature Mean sea-level pressure

Precipitation rate

UKCPO09 provides projections for climate change and absolute future climate based on
the following:

1 Annual, seasonal and monthly climate averages;

1  Three emission scenarios: Low, Medium and High;
1 Change relative to a 1961 1 1990 baseline;
1

Seven 30-year periods:

! http://ukclimateprojections.defra.gov.uk/content/view/12/689/.

Period Corresponds to
1961 to 1990 the baseline period
2010 to 2039 the 2020s

2020 to 2049 the 2030s

2030 to 2059 the 2040s

2040 to 2069 the 2050s

2050 to 2079 the 2060s

2060 to 2089 the 2070s

2070 to 2099 the 2080s

Unfortunately we are not able to simply use this data within our standing building
simulation models due to the incompatibility of its format. The complication comes from
UKCP09 not containing consistent groupings of change factors for the various
probabilities; an appropriate method for the selection of change factors is required either
directly for the morphing procedure or indirectly from the generated time series data from
the weather generator.

| e

Modelling
software
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Several research project s have been brought t og Adaptation
and Resilience i n (ARCGCUKCHY OnegnairCdim omtheseerésearch
projects is to resolve the compatibility issue, discussed previously, and develop
methodologies for using UKCPQ09 probabilistic climate projections in building simulations.
Each project has a slightly different focus.

The University of Exeter has developed a peer-reviewed methodology known as

APrometheuso to i mplement the UKCPd& fapemlataoj ect

files. These files are compatible with most building simulation programs and are available
in *.epw (Energy Plus weather) format. For the purposes of this study we have used IES
<Virtual Environment> dynamic thermal and energy modelling suite (section 4.1).

This study focuses on the impact of climate change on the operation of the LSHTM
building over the course of its intended lifespan. Before any work related to climate
change is carried out, it is imperative that one understands that no climate model can give
a single definite answer to what the future will look like.

A number of decisions had to be made regarding which weather tape data files to use in
the building simulation modelling and over what period of time, based on the
appropriateness to the building and its users:

Time Period

The case study building is projected to be operational up to and potentially beyond
2080 and therefore the study looks at climate scenarios up to this period.

Emission Scenario

In UKCPO09, projections are developed under three different GHG emissions
scenarios, two of which come from the Al storyline (High and Medium), and one
from the B1 storyline (Low) developed by the IPCC Special Report on Emissions
Scenarios.

Given the current overheating issue being experienced by the building and
consequently the need to understand the level of severity that could be
encountered in the future, we have considered projected weather based on a High
emission scenario with a 50 percentile, i.e. an estimate of 50% probability that the
projected figures will be greater than what are being predicted.

u n d eBased bnethesendbcisienis, | tree stady useéd Prometheus Design Summer Year (DSY)

weather tapes for the Central London grid cell. These weather tapes are in *.epw format
and work seamlessly with the IES software. The baseline weather tape uses past weather
data from the period 1961 to 1990, and the 2050s (2040 to 2069) and 2080s (2070 to
2099) future weather tapes are morphed from the baseline weather tape. The weather
tapes have been given names as listed below and will be used throughout the text and
Ifiggrﬁssin th{'s rquocr)t: time series weath

Weather tape Description Name given

Baseline Present weather tape based on 1961 to 1990 data 6190Baseline

Future weather tape projection for period 2040 to 2069 at
2050s 50" percentile with High Emission scenario 2050future

(filename: 2050a1fi50p-dsy.epw)

Future weather tape projection for period 2070 to 2099 at
2080s 50" percentile with High Emission scenario 2080future

(filename: 2080a1fi50p-dsy.epw)

2.2 Projections for Central London

Based on the climate impact modelling carried out and as observed in the comparison
between the 6190baseline, 2050future and 2080future weather years, the outputs identify
the following future climatic changes for Central London:

U Overall rise in global (dry-bulb) temperatures, i.e. higher max, min and
average temperatures

U Possible reduction in cloud cover
U Increase in global radiation
U Increase in air moisture content

U0 Overall decrease in annual precipitation (but winters are projected to be
wetter)

Figure 5 shows the comparison between baseline annual daily-averaged external dry bulb
temperature and that of the 2050s and 2080s weather predictions. It can be seen that
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there is an overall temperature rise projected for the future. Figure 6 shows the trend of
increase in solar radiation due to projected reduction in cloud cover and Figure 7 indicates
an increase in air moisture content. Figure 8 shows a reduction in annual precipitation,
although it should be noted that wetter winters are likely to be experienced.

It is imperative to note that no climate model can give a single definitive answer to what
the future will be like. The projections from UKCP09 should not be treated as a
comprehensive prediction of the future climate, instead as plausible estimates of changes
spanning over a reasonable range of outcome?.

120 4
100
80 +

60 -

No. of days [ day ]

40

20

-5 0 5 10 15 20 25 30 35
Daily averaged dry bulb temperaturéQ ]

== baseline 2050s =——2080s

Figure 5: Change in daily averaged dry bulb temperatures beteeen comparison years

2 CIBSE TM48: Use of climate change scenarios for building simulation - the CIBSE future weather
years, 2009
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Change in daily averaged solar radiation between comparison years
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2.3  Possiblerisks for Central London and the case study building

The impacts and associated risks from a changing climate in Central London mainly relate
to rising temperatures and changing rainfall patterns, which are exacerbated by extreme
weather events that are hard to predict. These impacts and risks will affect the built
environment in terms of both buildings and infrastructure, which in turn affect occupant
health and safety and business operation. The key impacts for Central London and
associated risks from projected climate change are described in this section.
Overheating (internal and £
external)

Health implications for people

E Operational
managers

issues for building

~

E Increased CO, from increased cooling

Overheating occurs when temperatures increase up to a point where it causes discomfort.
The effect can be particularly noticeable for occupants when temperatures peak in the
late afternoon as a building or built environment soaks up heat from the day. The use of
mechanical ventilation and air conditioning in buildings in Central London is expected to
rise due to rising temperat ur e s, made worse by the &6Ur
UHI is a phenomenon whereby urban temperatures are higher than the surrounding, less
dense areas due to heat being stored and
is urban centres being a lot warmer than the surrounding less urban areas, especially at
night. According to the London Climate Change Partnership3 the UHI currently adds up to
a further 5-6°C to summer night temperatures and will intensify in the future.
Consequently, overheating of the external environment needs also to be addressed and
developers/building managers must have regard for the contribution to the heat island
effect made by their building.

The use of active cooling can obviously offset internal overheating risk; however
increased use of mechanical measures, such as air conditioning, can emit heat energy to
the external environment if not recovered, thereby increasing external air temperature and
further exacerbating UHI. Active cooling will also increase the amount of energy
consumed and consequently CO, emissions, thus further contributing to climate change.
Measures that cause this effect ar e
solution, which in reality exacerbates the issue.

% www.london.gov.uk/lccp/index.jsp

of ten

10

Ground conditions and stability £ subsidence or heave

E Cracking of building fabric

(o2

E cost implications

Ground conditions can be affected by both periods of drought and excess water
conditions. Soils that contain clay minerals, such as London Clay, lose water as they dry
(making them shrink) and absorb water when wet (making them swell). This shrink-swell
behaviour is controlled by seasonal changes in the soil moisture content (related to
rainfall and local drainage). Whilst cracking is an obvious surface effect, it is not always
realised that the fissures may penetrate to a depth of 3 metres, and exceptionally, can
reach 10 metres below the ground surface. This can have severe consequences for
building foundations, causing subsidence and resulting in structural damage.

Many of our traditional building materials are not made to cope with hot weather
conditions. We will experience increased damage to buildings and other structures from
cracking caused by extreme heat. This will lead to a higher number of insurance claims
being made for remedial works, driving up premiums and overall costs to property

YKt 1 sl ando (UHI') effect. The

Storm damage to building facades and roof area could also have implications for

deteriorate and lead to heat loss and water infiltration.

w

Water resource and quality E  water shortages

E  Loss of business operation

=

E Cost implications

Drier summers will put pressure on the availability of water in Central London for both
domestic and commercial use as the demand for more water for irrigation increases,
whilst simultaneously being subjected to increased demand to supply new development.

r %Feeezirngr c%ndditior%sodurir?gsseveoremvﬁnltePvge%tIQeF gvénfs,oaﬂdo reducéd gr%uhné) srtatbility

after heavy rainfall, could damage water distribution networks further reducing the
availability of water. Drainage networks may find it difficult to cope with flash flooding from
contaminated surfaces such as roads, potentially compromising the quality of our water
resources. This will increase the need for energy-intensive water treatment and thus
another example of maladaptation.

6t r atpugiueat shabilityi @véritime the upiotedtidn ffereds By favadet and rec$ matefialfs ecould e s u |

term
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FlOOding - surface water runOff4 E Loss of business Operation

E Safety issues for occupants

-

E  costimplications

Increases in winter precipitation and the frequency of unpredictable, intense rainfall
events will lead to a greater risk of flooding in Central London from surface water run-off,
exacerbated by increased urbanisation. Along with ground water flooding from the rising
water table (which is a spatial scale issue and therefore outside the remit of this study)
surface water flooding is a significant source of flood risk for Central London, more so
than river flooding due to the defences provided by the Thames Barrier.

Rainfall is still expected during the summer months, albeit less than we experience now,
but overall the modelling projects a decrease in annual rainfall. However, when a short
but heavy rainfall event does occur, surges in runoff will put pressure on existing drainage
and sewerage infrastructure and could lead to overflowing drains. The resulting excess
water will be forced elsewhere creating the risk of flash flooding, particularly where there
are impermeable surfaces making it impossible for the water to soak into the ground
below. Overflowing drains could also impact upon public health, particularly in urban
environments.

Flood damage to property will incur financial cost but could also cause disruption to the
day-to-day running of operations, resulting in operational losses, and in the case of
LSHTM, potential impact on research work. This could be particularly detrimental where
buildings are severely damaged and operations are displaced for a prolonged period or
even permanently.

*We have not included potential flooding from rivers since this is beyond the control of the LSHTM as
an existing building. For the purpose of this study we have assumed that the Thames Barrier will
continue to provide appropriate defence to future climate change impacts.
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In his report developed for TSB, Bill Gething groups the key climate impacts and risks
discussed above into the following categories. For the purpose of this study and to be

consistent with Gethingbs report we fissueser

(where relevant to the case study building) from this point on.

Designing for comfort Construction

Managing water

Weatherproofing, detailing
and materials

t
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3 Adaptation Strategy

3.1 Introduction

The changing climate has been seen to have great potential to impact on the ability of the
case study building to properly serve its occupants into the future. Measures to future-
proof the building will introduce a level of resilience that will mitigate the effects of these
changes. For an existing building like the case study building, such climate change
adaptation measures will inevitably be limited by physical, technological and financial
constraints, and these were determinants in the choice of measures proposed for further
investigation in this chapter.

A number of solutions have been identified as having potential for increasing the adaptive
capacity of the case study building, i.e. the ability of the building to manage climate-
associated risk, and these are summarised in the following sections of this chapter. Those
measures deemed viable to the case study building have been taken forward to the next
section to undergo a high level cost/benefit analysis. Overheating risk has been identified
as the critical issue requiring management, and therefore we have focussed solutions
predominantly in this area.

Parallel to this study, a separate infrastructure refurbishment feasibility study has been
carried out, which includes the assessment of estimated reductions in energy
consumption of the case study building with the implementation of the different options of
upgrade packages. This comparison in energy reduction will allow the design team to
make informed decisions on the optimal upgrade to adopt in terms of investment and
environmental benefits. The School can then be assured that they are subscribing to a
value for money investment when upgrading their premises. The scope of that study will
not be covered here, however, some of the measures proposed will be tested in this study
with regards to efforts to reduce the overall building energy use and how this will be
affected by climate change.

The upgrading of the case study building is a long term investment with the expectation
that the building will serve its purpose to its occupants and functions for many years to
come. It is therefore expected that a certain level of resilience will be built into the
upgrading work to cater for any currently unknown and unplanned expansion of usage
within its present facility. As part of the building upgrade effort, adopting a strategy that
also incorporates climate change adaptation measures should help ensure that the
building can remain fully fit for purpose longer into the future.

12

It should also be noted that many adaptation measures can offer multiple benefits, both in
terms of adaptation and general environmental, social and economic issues. We have
included examples of multi-beneficial adaptive measures where relevant.

A benefit to the study was the ability to access a wide range of technical experts within
AECOM to offer advisory support and input. In recognition of the significance of the
overheating issue and the constraints posed by the building, an internal workshop was
arranged with sustainability consultants and mechanical & electrical engineers with skills
and experience appropriate to this issue area and this building type. Members of the
design team working on the parallel Infrastructure Study were also present. The workshop
provided a useful forum for brainstorming and gave the opportunity to explore both
traditional and innovative design solutions, and then to work collectively through the
potential barriers to their application in the case study building.

Although we were already aware of the physical and planning constraints posed by this
building, it was evident as the workshop progressed that these constraints presented a far
more significant challenge to addressing overheating than first anticipated. For this
reason, a number of the initial innovative proposals were dismissed as unpractical or
unfeasible, concluding with recognition of the need to concentrate on reducing internal
gains. These proposals were modelled for their effectiveness in reducing overheating and
are discussed in the following section.

3.2 Designing for comfort

3.2.1 Keeping cool i internal spaces

What foll ows aphgsicald rmdiemhb grn toséddcaiunwantedheat gains,
which could be implemented as standalone measures or as a package of works. The
cumulative impact of applying these packages is discussed later.

In this study, we consider two perspectives of approaches:
a) Real istic by todayés standards

b) Optimistic but achievable in the future

Reali stic by todayébés standards:
Active solution 1(a): Improving glazing thermal and solar control performance

Currently, the case study building has poor performance glazing system on all its
surrounding facades, which causes high conduction losses in the winter period and high
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solar gain during the summer period. This leads to high heating and cooling demand and
hence energy bills. To address these issues, it was proposed that improvement to glazing
thermal and solar control performance could be made by retrofitting or replacing the
building glazing units.

For this, new glazing systems are now available which reduce solar transmittance without
significantly compromising light transmission. An example of such products include those
produced by Saint Gobain under product names of Climaplus Cool-lite SKN 172 and
SKN154, which provide approximately 0.4 and 0.27 solar transmittance respectively with
light transmission factor of 66% and 50%. For improved thermal insulation properties,
these panes can be combined with low-e glazing such as the Planitherm range.

For the purpose of this study the following upgrade has been proposed:

Package | Current building state Adaptive measure

Details

U-value 1.6 W/m2K
(including frame)

U-value 2.2 W/m?2 Improve glazing
1 thermal and solar

g-value 0.87 control performance g-value 0.38

Active solution 2(a): Install efficient lighting and controls

The rooms in the case study building in general are fitted with low efficiency lighting. This
lighting has low efficacy and light output ratio, which can be improved to provide adequate
amount of luminance at lower power consumption. By carrying out a building wide
replacement with high efficiency luminaires such as those with T5 lamps, the overall
building lighting energy and internal gains can be reduced. Good lighting control with
occupancy sensing can introduce further saving by intelligently switching off lighting in
areas after a period of no occupancy.

For the purpose of this study the following upgrade has been proposed:

Package @ Current building state

Adaptive measure Details

Overall luminaire
power density
10.8W/m2

Overall luminaire power
density 15W/m?

Use high efficiency

2 S
a lighting and controls
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Active solution 3(a): Use energy efficient office and IT equipment

Cooling in buildings is required to remove heat from solar gain, from occupants (sensible
and latent) as well as heat generated by lighting and equipment. Reducing heat
generated from these sources can cut cooling demand in the first instance without having
to then expend additional energy to remove this heat retrospectively. With minimal
intervention into the architectural form of the building, optimising energy use of fittings and
equipment in the building can present itself as a very viable and effective means to
reduce energy use and heat gain in the LSHTM building.

There is an opportunity to reduce the heat gain from office equipment by replacing them
with more efficient units that use less energy and emit less heat into the office spaces. An
example for this is to replace standard desktop computers with thin-client PC. Other office
equipment is also becoming more energy efficient so replacing them should be taken into
consideration.

For the purpose of this study the following upgrade has been proposed for office and
administrative spaces:

Package | Current building state

Adaptive measure

Office hours equipment S;E?;n:]gr?trslo
25 Wim? Use energy efficient W/m?2

3a

24/7 equipment 10 office and IT equipment

W/mz 24/7 equipment

7.5 Wim2

Active solution 4(a): Use of thermal mass and night purging

Excess heat build-up in the building can be removed after hours via night cooling/purging.
This strategy takes advantage of the cooler evening and night outside air to cool the
building to desired levels. Nightcooling can store 6cool t hd fawic
and floor slabs and ceilings, which can then absorb excess heat throughout the course of
the next day, hence help maintain thermal comfort and reduce overall cooling demand
during the occupied period.

Whilst this could potentially be an attractive solution, there are several issues that need to
be considered. It must be highlighted that due to higher temperatures of the projected
future climate, the overall effectiveness could be less in the future than with the present

hi
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climate. Therefore, the overall cost benefit must be properly considered. Also, night
cooling requires openable windows or grills after-hours; therefore consideration must be
made regarding security issues.

The use of building thermal mass requires exposed soffits, which could dictate a major
change in the interior design of some spaces. This may not necessarily be desirable for
the client and could impose conflict or restriction over the usage of space within the
building. It may also impact on the acoustic characteristic of the existing place, which then
requires further counter measures. For the purpose of this study the following upgrade
has been proposed:

Package Current building Adaptive Details
state measure

Night ventilation of circa
2ach between 12

Use building midnight and 5am if
thermal mass and | external air temperature
night purging is between 12°C and 26
°C and is lower than
inside air temperature

No night
ventilation

Optimistic but achievable in the future:

As we progress into the future, it is anticipated we will witness further advancement in
technology that will see to the introduction of better products. In the context of this study,
it is reasonable to assume new luminaire and equipment will come into the market. For
the interest of gauging the impact of introducing these new technologies as a
supplementary climate change adaptation package, the following is considered:

Active solution 2(a): Install efficient lighting and controls

In the context of this study, it is reasonable to assume new luminaires will come into the
market that exhibit very low power density, not yet achievable today:

Package Current building state | Adaptive measure Details

Overall luminaire
power density
5W/m?2

Overall luminaire power | Use high efficiency

2 . S
b density 15W/m? lighting and controls
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Active solution 3(b): Use energy efficient office and IT equipment

It can be assumed that new office equipment will also become available, again, with high
energy efficiency and emitting less heat into the office spaces:

Package Current building state ~ Adaptive measure EES

Office hour equipment Office hour

25 W/m2 Use energy efficient equirz)ment 7.5
3b office and IT Wim

24/7 equipment 10 equipment .

Wim2 24/7 equipment

2.5 W/m2

3.2.2 Projected impact of adaptation measures for overheating risk

In order to determine the overall impact of the climate change adaptation strategies
proposed and discussed in the previous section, a series of test scenarios were modelled
and annual simulation runs were carried out. The effects of each strategy were tested
exclusively and collectively to determine their impact on a climate change adapted
building relative to the base-case building. These comparisons are then taken through the
projected climate of 2050s and 2080s to assess the effects of climate change on the
employed strategies.

The modelling and simulation results are assessed for changes in thermal comfort using
the exceedance and overheating tests. The overheating heatmaps are generated for the
naturally ventilated office and administrative spaces (productive spaces) within the
building. The thermal comfort of mechanically-cooled administrative spaces is also
investigated via the use of the exceedance heatmaps and the corresponding overheating
heatmaps.

The heatmaps for each scenario are tiled left to right to describe the changes from the
base case to the climate change adapted building with the impact of individual strategies
placed in between. First is the impact of upgrading glazing solar control performance,
then the setting of higher cooling set-point and lastly the use of more efficient lighting and
low energy equipment. Tiled from top to bottom are the heatmaps showing the effects of
climate change, which all together will form a 2-dimensional matrix of heatmaps. Figure 9
summarises how the heatmap matrix is arranged and interpreted.
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It can be seen from the modelling and simulation results that the proposed adaptation
measures do improve the extent of overheating significantly, for example in Figure 10.
There is much | ess agitheendsBures arel usadcandethe éombinatod
of measures performs much better than the base case. However in spite of this the
climate change adapted building is projected to continue to suffer from the risk of

overheating and occupant discomfort. Even

of procuring increasingly better technologies in the future, the projected changes in the
climate is shown to have too great an impact.

In order to mitigate further the overheating problem in the LSHTM building it is proposed
that ultimately mechanical cooling will have to be introduced, but only as a means of
peak-lopping extreme conditions to provide comfort cooling into the naturally ventilated
spaces. Therefore, these spaces remain naturally ventilated for most of the year and it is
only on a smaller number of warmer days that mechanical cooling will operate to keep
space air temperature regulated to not exceed 27°C.

As an effort to counter the unavoidable increase in cooling demand and expense of
energy as a consequence of introducing comfort cooling into these naturally ventilated
spaces, it is also proposed that the cooling set-point to other offices and administrative
spaces that are mechanically cooled is raised from 22°C to 24°C (air temperature). In light
of a warmer climate in the future, it is expected that adequate behavioural change will be
adopted by building occupants such that they are more accepting of warmer internal
spacess. Increasing the set-point to air temperature 24°C should still maintain the spaces
within an acceptable comfortable condition and in order to test this hypothesis, the
following simulation was carried out:

Hypothesis test

Package ‘ Period Building

Buil ding 5a, 6optin
6a Present the futured measur |peaklopping to
available 27°C for naturally
ventilated spaces

6b 2050s . ' and 24°C cooling
Building 5b wher e setpoint for
achievabl e in t he mechanically
assumed achieved by these periods cooled spaces

6b 2080s P

® Nicol JF and Humphreys M (2002) Adaptive thermal comfort and sustainable thermal
standards for buildings. Energy and Buildings 34, 563-572
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The strategy of increasing the cooling set-point is also applied to other mechanically
cooled spaces throughout the LSHTM building, apart from the laboratories as it is
expected this may disrupt the activity and processes taking place in those spaces,

apargicglaerl%, gtpely %re t%nH)%ra’ture \ﬁ(ﬁnlsm(\:/ﬁ~I
The results of the peak lopping hypothesis test are presented in Figure 16 to Figure 18.
These are the resulting overheating heat maps for the naturally ventilated spaces and the
exceedance and corresponding overheating heat maps for the mechanically cooled
spaces, all shown relative to the original base case building and against the climate
change adapted building as described earlier.

It can immediately be seen from the heat maps that as expected the extremes of
temperatures have been alleviated from the naturally ventilated spaces, which mitigate
them from the risk of overheating in all climate scenarios. In addition, the increase in
cooling set-point is shown to be reasonable in that it does not affect the thermal comfort in
the mechanically cooled spaces as indicated by the corresponding overheating heat
maps. Here, no spaces have been predicted to run a high risk of overheating apart from
one space shown to be at a higher risk.

explores the possibilidt
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Figure 16: overheating heat maps for the selected naturally ventilated spaces for the peak lopping hypothesis test
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