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ABSTRACT @

Improving the sustainability of‘?
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a research project undertaken by the authdts:
Action Research project that sought to identi
performance of a new £75m education building
Action Research project involved a series of meeting
design team (Architects, Engineers and Cost Cons
Management Department where the impact that a range
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t assets in the light of uncertain futures is a major
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adaptation solutions were developed for those scenarios that we med ‘high impact’ and
selected interventions were integrated into the building life cycl ro-active adaptation
steps in the built asset management plan. This paper will describe the tation framework
used to inform the development of the various scenarios/adaptation so and discuss the

role of the Facilities Manager in the process. The paper concludes that the presence of the
Facilities Management Department in the design team was critical to the development of
viable climate change adaptation solutions.
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1. INTRODUCTION

There is a tendency in the construction industry to design and deliver new buildings based
around the requirements of the *here and now’. However, buildings are developed on a design
life of 60 years plus and clients’ needs from their buildings will change over time. Failure to
address this issue places the building at risk of premature obsolescence (Jones, 2002). Whilst
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this issue has been known for many years, it is compounded by the potential impact of
climate change on the physical performance of buildings in-use, and in particular the need for
building owners to consider how they might adapt their buildings to different future weather
patterns. These concerns are in turn being relayed to design teams who are increasingly under
pressure to consider the implications of their design decisions through the whole-life of a
building. This paper presents the findings from an Action Research project that used an
adaptation framework, supported by future scenarios and back-casting, to inform the
development and evaluation of adaptation solutions as part of the built asset management
process.

2. BACKGROUND

There is broad scientific consensus that the global climate is changing in ways that will have
a profound impact on both human society and the built environment. In addition to average
global temperature rise, the frequency and severity of extreme weather events are expected to
increase (IPCC,?)?) and impact on the performance of buildings in-use (Jones, 2002). In
response to clim ange, the UK has implemented The Climate Change Act UK (2008),
setting legally bin ets for the reduction of greenhouse gasses by 2050. However, even
if the rest of the worl suit, and the targets are met, there will still be a need to adapt to
the consequences of ine g climate change bought about by current Greenhouse Gas
levels. Whilst adaptation doeigot solely affect the built environment, it does pose a major
challenge to those responsible for ifssoperation and renewal. Indeed failure to adapt buildings
to climate change could render’rgO prematurely obsolete (Jones, 2002). The challenge
facing Facilities Managers is to recogrigesthe potential impact of climate change on their built
assets and develop adaptation solutio at ensure the assets continue to perform their
required function. However, current app to asset management rarely address this

issue. @

Over the last decade, the UK has experienced sig a
(EWESs). Heavy rainfall (Fowler & Kilsby, 2003) re
and more widespread fluvial flooding resulted in £500
in 2000 (RMS, 2000) and £2.2 billion in 2004 (OST, . In addition to flooding the
incidence of heat waves (Good et al, 2006) and associated ts (Blenkinsop & Fowler,
2007) have increased with, in August 2003 over 2000 prematu ths being attributed to

increases in extreme weather events
g in both localised urban flooding
th of insurance claims in the UK

the heat wave in southern England alone (Kovats et al, 2006). onsequence the UK
Government established the Adaptation Sub-committee to undertake climate change
risk assessment and develop an adaptation programme for Englan , 2009). In an

assessment of the preparedness of the UK for flooding the Committee identified the need for
greater uptake of property-level measures to protect against floods both for new and existing
buildings. However, the requirement to consider these issues only applies where development
is planned in an existing flood plain, even though the report identified pluvial flooding as a
significant problem for the future (ASC, 2012). Thus, given the risks, how should building
clients address this issue?

The ability to effectively respond to an EWE depends upon the vulnerability, resilience and
adaptive capacity of the building under threat. Whilst there is considerable debate over the
precise definitions of the terminology (Gallopin, 2006), from a built environment perspective:
vulnerability is normally considered to be the likelihood of exposure to hazards (EWESs) and
the adverse consequences resulting from them; resilience, as the ability of the building to
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prevent, withstand and recover from the impacts of the hazard; and adaptive capacity, as the
ability of the building to change (adapt) to meet the new conditions brought about by any
permanent changes to the original operating conditions (Jones & Few, 2009). However,
organisation's find it difficult to recognise their vulnerabilities let alone assess the resilience
of their buildings and develop adaptation solutions to address them (Berkhout, 2004).
Organisation's need to consider the likelihood of an EWE occurring and the impact that it
could have if it does occur. Also, hazards need to be interpreted relative to a frame of
reference that the individual and business can relate to and solutions need to be measurable
against clear operational indicators.

Assessing the impacts of hazards on an organisation normally involves the assessment of the
risk of an event occurring and the development of contingency plans to deal with the
consequences. Whilst risk based assessments are not new to Facilities Managers, using them
as part of future climate change scenario planning is. Whilst generic climate change risk
assessment models have been developed (Willows & Connell, 2003; UKCIP, 2008;
Sustainable H , 2012) they are primarily awareness tools that assess whether a
management acti r‘é‘been taken, rather than providing practical guidance on how to assess
vulnerability, resili nd adaptive capacity. This paper addresses this shortcoming by
describing the develop of a series of practical steps that can be used to ensure that new
buildings are designed in hat allows for future adaptation to climate change.

3. ACLIMATE CHANGE ADAPTATION FRAMEWORK

There are a number of risk models
vulnerability, resilience and adaptive

IP, 2010; BCI, 2007) currently available to assess
ity to EWEs. Whilst each model addresses the
problems of risk in slightly different way all follow the same generic methodology. An
initial scoping exercise contextualises em being studied and identifies system
boundaries. Once the system boundaries are € ished, the types of risk (what is at risk,
whom is at risk, the causes of the risk, the imp ofgthe risk, and the threshold levels at
which the risk becomes unacceptable) that can aff system are identified. For each
identified risk, a risk appraisal is undertaken where the equences of the threshold being
exceeded are examined and strategies for managing t nsequences considered. This
process invariably involves the use of scenarios to both ide e potential consequences

and evaluate alternative management strategies. Once the risk isal is complete, a risk
evaluation takes place where the various options are prioritised. F the highest priority
options are instigated and their performance is monitored. Unfortunat hilst this generic

approach to risk assessment is fairly well understood, its application, pa larly in the UK,
Is patchy and its use at the design phase of new buildings is largely missing. In this paper the
generic approach is combined with future climate change scenarios to develop an adaptation
framework for assessing the impact of EWESs on the performance of existing buildings and
integrating this into the built asset life cycle (Figure 1).

The first Stage of the framework establishes the impact of antecedent EWE hazards on the
inherent vulnerability of the building. This should ensure acceptance of the risks by the
organisation as they will have first-hand knowledge of the impacts. The second Stage of the
model extends the range of EWEs to take into account the impact of future climate change on
the type, nature and intensity of events. This phase inevitably involves the use of future
scenarios to develop a range of weather patterns that can be superimposed onto the building
and its surrounding area to allow specific hazard impacts to be developed for each scenario
(e.g. flooding, etc.). These impacts can then be related in relative terms to the antecedent
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assessments carried out in Stage 1. In this way stakeholders can assess the relative
significance of an EWE scenario against a frame of reference that they are familiar with.
Once the currency of the scenarios has been established, the impacts of each EWE on the
building can be assessed and those components which are highly vulnerable and have low
inherent resilience (coping capacity) can be identified. For each of these components
adaptations can be developed, either to reduce the vulnerability of the components or improve
coping capacity. These can then be prioritised and introduced into the design, at either the
initial design phase, or where the impact is expected to be delayed (e.g. not expected to occur
until 20 years into the life cycle), as part of the built asset management plan. The
operationalization of the adaptation framework model and its ability to integrate effectively
with the building life cycle was examined in this study.

Current Conditions Future Scenarios
Examine recent history and identify Develop future scenarios, based on
disruption caused by exirems weather climate change predictions, that cover the
events, range of possible impacts of future events,
o ———————————= Mitig:latiun .
+i-

Analyse each event and identify inherent Assess vulnerability and resilience of
wulnerabilities and resilience of the existing system against each scenario
syslem(social, physical, economic, {social, physical, economic, legislative).

legislative).
Risk Appraisal
Rate each system component according to
» Impact (mafrix of vulnerability against
resilience).
Far high impact companents identify what
can be done to pravent disruption {coping — -
strategies) or improve the recovery ImpactPriority Matrix
process (adapiive capacity) of the system.
Cost each measure
(£, human resources, skills etc).
Contingency Planning

Assess the ability of the system

stakeholders to fundimanage the coplng
mieasures (quantify the absorptive /
adaplive capacity of the system).
Monitor performance Test plans
against target Against scanarios
Prioritise coping measures to optimisa
ahsorptive capacity
Develop adapiation plans.
|
Short Term Solutions Long Term Solutions

Figure 1. Climate Change Adaptation Framework Model



4. RESEARCH METHODOLOGY

This project applied an Action Research methodology that involved a team of researchers and
practitioners examining the issues associated with the implementation of the climate change
adaptation framework model to the design phase (RIBA Stage D) of a new £75m educational
building being developed by the University of Greenwich. Action Research seeks to use
theory to drive changes in practice by studying the impact that context has on the journey
towards an end-goal. Through a series of iteration cycles (Planning; Implementation;
Reflection; Review) the impact of theory is assessed and refined until the end-goal is
achieved or the journey is abandoned. (Lewin & Cartwright, 1975; Heron & Reason, 2001).
This approached fitted well with the research challenge of this project.

The Action Research project commenced in October 2010 and was completed in June 2011.
The Action Research team comprised representatives from the Architects; Building Services
Engineers; Structural Engineers; Quantity Surveyors; the Client (represented by the Facilities
Management Depagtment); and the authors to this paper. In addition, specialist input to the
project was pr@ by a climate change expert who developed the climate impact models.

The Action Rese met formally on 4 occasions. Each of these meetings was in the
form of a 1 day wor . Between workshops members of the team worked in small groups
to develop, test and refi e|r inputs. The first meeting established the focus for the project;

developed a set of questi r'Eg\or the partners to investigate; agreed procedures for data
gathering/analysis; and outli a set of deliverables for the second meeting, which were
mainly concerned with an assess of the antecedent EWEs (Current Conditions in Figure
1) and the identification of future cligia change risks (Future Scenarios in Figure 1).

At the second meeting the Action Resea am received a climate change risk report that
identified current and expected risks ahgﬂé{( the predicted first and second refit of the
building (2020 and 2040) and design life (20 he risk reports were generated using the
UKCP09 (median prediction emissions scenario produce likely weather scenarios and
associated building impacts on: Internal Comfort jlding Facade; External Comfort;
Structural Stability; Infrastructure; Water Supply; Drai & Flooding; Landscaping; and
the Construction Process. Although a wide range of EW examined, due to limitations
in national data sets the final analysis was limited to issues mal performance, where a

3.8-4.8°C rise in annual mean temperature above the control was predicted by 2080
and pluvial flooding, where an increased risk was identified to@‘l;asement areas and
attenuation tank capacity. //O

Once the weather data had been presented, the Facilities Management merr(b::rs of the Action
Research team developed performance specifications, in terms of operational expectations for
2020, 2040 and 2080, and the design members analysed how their design solutions would
perform against each specification (Risk Appraisal in Figure 1). In particular 4 questions
were considered: 1) Would rooms overheat in the future? 2) What will be the impact on the
annual energy loads? 3) Can the chiller specification cope with the increased load? 4) How
will solar gain change in the future? These analyses were presented to the whole Action
Research team at the third workshop. As this project was solely concerned with the impact of
climate change no account was taken of other future scenarios (e.g. economic, political etc).

The third Workshop examined the design implications of the questions outlined above. The
performance specifications provided the 'operational targets' from which costed adaptation
solutions were 'back-cast' to ensure that the building would meet its targets over its life-cycle
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(Risk Appraisal in Figure 1). This process identified twenty five adaptation measures which
were tagged as ‘do now’, 2020’, 2040’ or ‘2080°. Each adaptation was evaluated against the
following principles:

1.

2.

Measures that required structural alteration were recommended to be undertaken
immediately irrespective of their actual required implementation time.

Measures that required changes to system or component capacity were only to be
implemented when required but consequential structural and space planning issues
were implemented (as 1)

Each measure was considered in terms of its impact on the current design and
modifications introduced to facilitate a future retrofit.

Those measures that were identified but for which the UKCP09 weather data provided
no firm direction were assessed on their merits. This particularly applied to the risk of
flooding where preparation was undertaken even though the likelihood of future

events was ncertain
At the final work§ h of the detailed adaptations were considered and either adopted or
rejected by the cllent (Contlngency Planning in Figure 1). Of the 25 detailed adaptations
developed through this s seven were adopted immediately and included in the final
detailed design. The remai girmed part of the future asset management plan. The full list

of adaptation measures can be

nin Table 1.

Table 1. Adaptation n@%es and implementation schedule

Risk Adaptation/ Comment‘@( Implementation
@ Now |20 |20 | 20
Oﬂ 20 | 40 | 80
Overheating Alter the current glazing system to ﬂMr openable o .
windows to be easily installed in future Q
Install additional chillers on the roof i /O o o
bn
Future thermal design modifications should be b ) o o .
on an adaptive comfort model l/}'
fa

Overheating and Energy | Introduce a ‘siesta’. Behavioural adaptations were W- . .

Use seen as benefitial and could limit the predicted
thermal issues. However it would impact on the
usability of the building.

Reduced Heating Load Replace boilers with an increased number of smaller .
sized units

Insufficient comfortable | Allow all building users to access the roof areas o

external areas

Introduce shading to external spaces

Introduce external water features

Increase in cooling load *Allow for an increase in plant and riser space .




Infrastructure failure *Add access control to the standby generator o
(electric)

Infrastructure failure Include for an electric back-up form of heating (GSHP) o
(gas)

Increase hot water storage .
Infrastructure failure Increase the cold water storage o
(water)
Infrastructure failure Increase size of Attenuation tank .
(drainage)
Increase in storm Increase capacity of rainwater pipes & drainage .
activity

Increase roof capacity to store rainwater

*Permanent flood protection measures to basement | o
‘ 9 : areas

P

‘)f clude adaptable door frames for door dams

In@;tﬁe height of the retaining walls

Failure of drainage *Conne@ainage system to the BMS .
system
Py

Increase in groundwater | *Provide adeqhﬂfe’C‘ild-up above the tank to avoid |
level flotation

Increase in water costs Introduce waterless ur@( .

Add a rainwater recycling sys%
V. i
terials

Waste from Upgrade facade systems with recyclﬁ% o
refurbishments

/S
Insufficient cycle storage | *Increase the cycle store capacity '/ o
spaces 60

*denontes that the adaptation identified was approved and preparatory work limented at the
design stage to allow future upgrade when the need became critical (e.g. in 2020, 2 2080)

¢

The adaptations generally fell into three categories; immediate implementation of the
adaptation solution as part of the original build; implementation of preparatory work as part
of the immediate build to allow for a planned future upgrade; or operational changes to the
building. An example of an immediate implementation was the inclusion of a backup
generator to run essential services in the event of a flood. Although the building was not
currently at risk of flooding, the future flood risk assessment had identified a potential risk to
the critical power infrastructure that supplies the building. This risk, whilst unquantifiable at
present, was never the less considered serious enough for the Facilities Management team to
advise the client of the need to build in a contingency against this possibility as part of the
initial design solution. Examples of preparatory work include an increase to the plant and
riser space within the building to accommodate a future increase in chiller capacity for
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cooling (circa 2020) and allowance for a change to a modular based boiler installation to
accommodate a reduction in installed heating capacity as demand reduces over time.
Examples of operational changes were adopting a relaxed dress code (staff) and not
programming classes for the middle of the day to encourage behavioural adaptations to the
thermal environment within the building. The changes were expected from 2020 onwards.

5. DISCUSSION

There is an emerging body of work considering the likely impact of climate change on
building performance that are based on simulated predictions and risk based decision making.
This study outlines how such an approach could be applied in a systematic manner and
embedded in the building design/asset management process. The study aimed to consider the
likely climate change impacts to the building on a whole-life basis, identifying adaptations
that could be included in the original design, or/and implemented with the 2020, 2040 or
2080 interventions. Such an approach will help to produce a more realistic picture of the
buildings likely resilience to climate change. The focus of this paper was to test an adaptation
framework and‘lgI ify the barriers to its application in the design/built asset management
process. An Actio& rch approach was used to refine the original theory in light of the
barriers encountered.%

The original theory envisa 4 stage model to assess and plan building level adaptations to
climate change. A number of @iculties/issues arose at each stage of the model.

At Stage 1: There was limited infor,
the performance of the building. As
to explore the impact of future cl
considerable scepticism amongst the desi

jon available to assess the current impact of EWES on
creating a realistic frame of reference from which
change proved difficult. Indeed, there was
as to the impact that future climate change
would have on the building and resistance to idering these impacts at the design stage.
These concerns were heightened at Stage 2 of t el where the inability of the UKCPQ9
projections to produce quantifiable weather patterris aghe building scale (UKCPQ9 is based
on a 5km? grid and scaling this down to a particula}r% is difficult) made it difficult for
design professionals to develop specific adaptation soldfigns. This was especially true of
predictions relating to rainfall intensity and flood risk wh tentially will have greatest
impact on the usability of the building going forward. At these Stages it was the
presence of the Facilities Management team in the group that the project forward,
constantly reinforcing the importance of this project from the S perspective and
ensuring that the design team took the scenarios seriously and didn’t play lip-service
to the development of adaptation solutions. To reinforce the scenados the Facilities
Management team developed a series of future performance specifications for the building
that required detailed adaptation solutions to be developed, tested and programmed into the
built asset management strategy. These specifications effectively set the end point (e.g.
system requirement in 2020, 2040 or 2080) from which the various design teams had to work
their adaptation solutions back from. In this way interim solutions that would be required on
the adaptation journey could be clearly identified and, where necessary, changes made to the
initial design to accommodate the adaptation solution. This approach represents a change to
the traditional forecasting model of built asset management.

At Stage 3 of the model the main issue to arise was timing of adaptations. The professional
design team working on the research project were also working on the main building project.
As such, they had a detailed understanding of the building and were able, once they had
accepted the climate change projections, to develop technical adaptation solutions (although
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there was some resistance when their previous decisions were revisited or called into
question). What the design team found more difficult was to visualise how these adaptations
would be implemented at the 2020, 2040 and 2080 points of the buildings life-cycle. This
was particularly true where future adaptations required preparatory work to be included at the
initial design stage. For example, the potential need for a larger attenuation tank by 2080 was
identified but providing the infrastructure for this at the design stage would significantly
increase building cost. The members of the design team responsible for this area did not want
their solutions to appear expensive and were very reluctant to change their design to
accommodate a future upgrade. Again, it was the presence of the Facilities Management
team, and the reassurance this gave to the design team that the increased costs would not be
held against them should they bid for future work, that insured the design team took the issue
seriously and developed a planned upgrade route should a larger attenuation tank ever be
required.

Stage 4 of the model proved the least problematic (probably because the decisions could not
be tested until daptations were required), with the Facilities Management team able to

identify those ad s which they believed would have the greatest potential impact on
the building. Those rf res that would not have an immediate impact were scheduled for
later building upgrade ss other steps were needed to enable the later adaptation. In
addition, a series of thre were identified as triggers for inclusion of adaptations into
built asset management plans.@wilst quantifiable triggers were not set as part of this project,
the built asset management stra%gt will inform future maintenance and refurbishment

planning does contain specific u e routes that can be followed should the climate
impacts be realised. O

6. CONCLUSIONS %

This project tested an incremental approach@eveloping building adaptation plans that
address future climate change. An Action Resear<@ﬁp oach was used to test and refine the
theoretical model underpinning the approach and%ientify practical barriers to the
application of this approach at the design stage of a n ilding. The project confirmed the
applicability of the approach and identified the proacti& e that the Facilities Manager
played in ensuring the project success. The Facilities I\%r ensured that whole-life
considerations overrode the short term considerations of t sign team. Without the
Facilities Managers setting future performance targets it is un that the design team
would have produced detailed adaptation based solutions for 2020, 264 2080. Whilst this
may not be a traditional role for a Facilities Manager, if adaptation to Q%(change is to be
taken seriously then the authors would suggest that they should be key members of the design
team.
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