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Structured Abstract
Purpose

The work set out to design and develop an ovenmgaisk tool using the UKCPQ9 climate
projections that is compatible with building perfance simulation software. The aim of the
tool is to exploit the Weather Generator and giveeasonably accurate assessment of a
building’s performance in future climates, with@alding significant time, cost or complexity
to the design team’s work.

M ethodol ogy/appr oach

Because simulating every possible future climatenjgracticable, the approach adopted was
to use principal component analysis to give a dtadlly rigorous simplification of the
climate projections. The perceptions and requirédmai potential users were assessed
through surveys, interviews and focus groups.

Findings

It is possible to convert a single dynamic simolatoutput into many hundreds of simulation
results at hourly resolution for equally-probalienates, giving a population of outcomes for
the performance of a specific building in a futwlenate, thus helping the user choose
adaptations that might reduce the risk of overhgaflhe tool outputs can be delivered as a
probabilistic overheating curve and feed into & rrmanagement matrix. Professionals
recognised the need to quantify overheating riaktiqularly for non-domestic buildings, and
were concerned about the ease of incorporatindJKK€PQ9 projections into this process.
The new tool has the potential to meet these cascer

Originality/value

The paper is the first attempt to link UKCPQ9 climarojections and building performance
simulation software in this way and the work offéme potential for design practitioners to
use the tool to quickly assess the risk of overhgain their designs and adapt them
accordingly.
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| ntroduction

The global climate is getting warmer, a realityttisamost probably due to increased levels of
greenhouse gases in the atmosphere as a resultinaénhactivity (Stott et al, 2000).
Consequently, governments worldwide have pledgetkdoice emissions in order to slow
down the rate of warming (UN, 2012). In the burvg@onment this mitigation typically takes
the form of a move, backed up by regulations, towdow carbon buildings that are more
highly insulated and more airtight, and use lessrgn with an increased proportion of that
energy obtained from low carbon sources (EC, 26yvever, even if this strategy succeeds
in slowing the rate of warming, the climate-chamglagacy of the existing high levels of
greenhouse gases will remain. Furthermore theraun$rtunately, no sign of building
occupants giving up their (unregulated) energy-oonisg appliances, even if these are
driven by low carbon electricity. When the incidanigains from appliances and the
metabolic gains from occupants combine with a warmlenate there is potential for
overheating because the heat produced is retamdtei internal environment of highly
insulated, airtight low-carbon buildings. Seriougeiheating has been observed in schools,
offices and dwellings, and required remedial meas(¥aite, 2009, Colley, undated). Apart
from the issue of thermal comfort, overheating @emages the use of artificial cooling, where
none was needed previously, and this introducessh fsource of emissions, making it more
difficult to meet the reduction targets. Therefareerheating that leads to increased cooling
demands runs counter to the carbon reduction agamtienust be avoided wherever possible.

At the same time, both existing buildings and thoserently at the design stage must
continue to perform satisfactorily in the environmever their lifetime (at least several
decades): a designed Normal Life of 60 years (BBD3) means that buildings being
designed now will be just reaching the end of thiér in 2080, when the climate will be
much warmer than that used in their design. Sinlapt@tion of buildings costs money and
resources, to say nothing of the disruption andnmenience caused by a retrofit programme,
design practitioners need the tools now that willde them to design buildings to function
in future climates. Important questions are theeeixand adequacy of our understanding of
what the future climate will be and how this und@nsling can guide the design and retrofit
of the built environment.

In the UK, several research projects under the aliabof the Adaptation and Resilience to a
Changing Climate Coordination Network (ACN, 20138y& addressed the impact of climate
change on the built environment and provided ewdetio enable the design of urban and
suburban systems that are more resilient to clincdi@nge. Mavrogianni et al (2011)
investigated the implications of the urban heandleffect, with special reference to London,
using an energy demand prediction technique deedltyy Kolokotroni et al (2010). Gupta
and Gregg (2011, 2012) assessed adaptations tobsubdwellings and neighbourhoods to
deal with a warming climate. Porritt et al (2013adgimulated existing dwellings and
confirmed that retrofitting for energy efficiencyas the potential to increase overheating
dramatically. In addition, Eames et al (2011) arefdkaw et al (2010, 2011) developed
future climate ‘reference years’ that can be useperformance simulation of new buildings
at the design stage. However, none of this worktsndee requirements of building design
practitioners needing to assess overheating irr tthesigns. The objective of the work
described in this paper was to produce a metha@ssd#ssing overheating that would be able
to use the latest climate projections in buildirgfprmance simulation software in a way that
design teams can understand.



Climate projections

Computer models of the climate have been develoged many years and are based on the
known laws of physics, describing mass and ena&gysport. These equations are solved at
intervals of time at a number of points formingrad gver the globe and attempt to replicate
the interaction between physical processes ocgunnnthe atmosphere (solar radiation,
convection etc) and in the oceans (currents, atmi etc) to estimate climate conditions.
They are intensive in computing power and ultimapekdict how the weather variables such
as temperature, solar radiation, wind speed arattitin, relative humidity, cloud cover and
snowfall will vary with time. The UKCIP02 climatehange scenarios (Hulme et al, 2002)
were based on four ‘storylines’ developed usingneaaic and political judgment by the
Intergovernmental Panel on Climate Change (IPCOQR0From these storylines four @O
emissions scenarios — low, medium-low, medium-taghd high — were developed and give
global CQ concentrations over successive 30-year time-slices30-year periods centred
on a particular decade, e.g. ‘2080s’ implies theooe2070-2099). The UKCIPO02 report is
explicit about its inability to attach probabilisieto the four future climates so produced
(Hulme et al, 2002) and these are therefore detestit climate projections, giving at a
50km spatial resolution a single value of each heatparameter with no associated
indication of uncertainty. These projections ardely used and a morphing algorithm can be
used to produce weather data for building desidature climates (Belcher et al, 2005).

The latest generation of climate projections — URERMurphy et al, 2009) — are a
development of the previous set at 25km spatiabluéisn, include more sophisticated
feedback modeling, and for the first time are philistic. Three of the IPCC storylines,
giving three emissions scenarios (high, medium kg, are used to produce weather
parameters in the form of probability density fuoes and cumulative density functions. The
probabilities represent the relative degree to Wwigach climate outcome is supported by the
available evidence, and are presented as percerifitee median or SDpercentile climate
means that the evidence suggests that this climae likely as not to be exceeded, whereas
the 10" percentile is very likely to be exceeded and e ®ercentile is very likely not to be
exceeded. An example of the changes by the 208f=r ihe medium emissions scenario is
that summer mean temperatures increase by 4.2°tp@&@entile) in southern England and
2.5°C in the Scottish islands, with"i@nd 98' percentile ranges of 2.2-6.8°C and 1.2-4.1°C
respectively. The UKCPQ9 projections used in thepgy are derived from the Weather
Generator (Jones et al, 2009) which provides syicthe@aily time series of weather
parameters at 5km scale. It requires the user @osghan emission scenario (low, medium,
high), the time period of study (decades 2010-2G8%) the location (5km grid squares in
UK), from which 3000 climate files are producedtald up the probability density function.

Risk and its management

Risk is an everyday word with shades of meaning @msequently many definitions have
been proposed, including ‘the existence of thréatsfe or health’ (Fischhoff et al, 1984),
‘the chance of some adverse outcome [such as] deatbntraction of a disease’ (Kleinbaum
et al, 1982), ‘opportunities whose [economic] returare not guaranteed’ (Camerer and
Kunreuther, 1989), ‘the possibility of either firaal or physical damage (Starr and Whipple,
1980), ‘the possibility of some adverse effect hasg from a hazard’ (Lowrance, 1976), ‘the
potential of unwanted negative consequences’ (Ro¥8,7), and ‘a measure of the
probability and severity of adverse effects’ (YatE892). These definitions suggest that risk
has two characteristics: uncertainty, i.e. the pbility of an event happening, and impact,
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i.e. the unwanted consequences of the event. Tdrereisk management, which is a well
developed approach in the construction sector (Bgdf1996), involves identifying the
individual hazards facing a project, organizatioractivity and placing them on a risk matrix
of the type shown in Fig. 1. The two axes can lpFaesented as either ordinal scales, for
example zero to 100% probability (0 = will not hepp100% = certain to happen) and zero
to a finite financial impact, or subjective categer for example low-medium-high. Since it
is normally impossible to eliminate all risk in antivity, risk management aims to consider
all hazards, to identify those with both high proiity and high impact and then to manage
them in such a way that they congregate towarddthm left of the matrix. Acceptable
levels of risk are usually defined in a workshopgass, which captures the perspectives of
different stakeholders, and one way of visualisihig is by the curve marked on Fig. 1:
hazards above and to the right of the curve wowdcbnsidered unacceptable and need
management action to move them into the acceptagien.

Probability of occurrence

0} 100%

High

Impact Medium A |

Low

Fig. 1 An example of a risk matrix with a hypotleatiacceptability curve.

In the context of this paper, managing the riskfugtire overheating in buildings needs
practitioners to consider both the probability afeheating in the future climate and the
impact of that overheating. Probability is a faarlconcept to most people, who recognize
that it underpins, for example, the chance of ss&dr lotteries and betting, the price of
insurance against a range of hazards, and prolyabflideath from cancer, even if they
struggle to recognize a numerical formulation sasha 1 in 400 chance equating to 0.25%
probability and odds of 400 to 1. Construction pssionals should be better informed
because many design concepts involve probabiliby.ifstance, in the code of practice for
design of structures loads are expressed as chastictvalues, which have a 5% probability
of being exceeded in operation, and are then nhiellippy safety factors of 1.4-1.6 to give the
design loads for the structure to meet (BSI, 2008imilarly, wind loads are cited as
characteristic values with a 2% annual probabditgxceedence, corresponding to a 50 year
return period (BSI, 2008). Lightning damage risknanaged by the process described above
(BSI, 2006) with the UK tolerable risk of loss ofath or permanent injury set at>l@nd
contour maps showing lightning flash density giuethe code of practice.

Therefore, in principle, the risk of a building okieating needs to be defined in terms of both
probability and impact. The best predictions oflding performance involve understanding

the way buildings perform in their environment arsg simulations as described in the next
section. Using the probabilistic climate changgguiions in these simulations should enable
designers to estimate the probability of a buildaxgeeding a defined overheating criterion.
While in extreme situations overheating leads &slof life (Salagnac, 2007), at the design
stage the impact of an overheating prediction cbeldonsidered in terms of actions required
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— for example, design modifications, some of whmsight lead to higher cost or reduced

convenience, serviceability or appearance. Thigp#gruses on the probability aspects of an
overheating risk tool which would need to be redif®y engagement with practitioners to

establish the impact aspects.

Building performance simulation

Building performance simulation is the applicatioh physical models for the heat and
moisture transfer through the building fabric, #@ws around and within a building, solar
gain and the effects of occupancy, taking accodnnteractions and feedback effects, to
show how the internal conditions in a building vamer time. It is widely used to optimize
potential design elements and guide the designrtasvbest performance. With buildings
having become interacting systems that must beelbak holistically, it is no longer possible
for the ordinary designer to recognize all the pt&d synergies and conflicts that result from
optimizing building elements individually: the sagicated modeling software now
available, while computationally intensive, enabbgdions to be appraised in a reasonable
time. Virtually every building design of any sigiedince is now routinely subjected to
simulation and the great advantage is that frorarmétion about the external climate, the
details of the building construction and servicgstams used, together with the occupancy
profile, typical software provides output on enwineental performance parameters, such as
annual energy consumption, running costs, heateupling loads, thermal comfort and €O
emissions, some of which can be used to assurdategu compliance. ESP-r, an open
source software, was used in this work, but seveomhmercial software packages are
available including IES-VE (2012) which was deveddrom it, and consequently the tool
described in this paper would be readily compatiaté IES-VE.

The challenges facing the designer who would p@kyntuse the probabilistically-based
UKCPO9 climate projections in building performarsseulation are (i) which climate to use
out of the hundreds generated by the weather gemeaad (i) how to deal with the
uncertainty produced by the probability densitydwon. It is clearly unrealistic to expect the
design team to devote significantly more time afidrethan at present to test their design
and appraise options in a range of future climatéerefore, what is required is a shortcut
that meets the following desiderata.

It must be compatible with existing simulation sdite.

It must be able to use a variety of overheatingia.

It must exploit the richness of the weather gemeratitput.

It must give a reasonably accurate assessment itafifgu performance in future
climates.

It must do all this without significantly addingrte, cost and complexity to the job of
the design team.

PwbdPE

o

This was the starting point for the work describethis paper.



Development and validation of the overheating risk tool

Regression process for weather data

Dynamic simulation of the performance of a buildiager one year at hourly temporal
resolution gives 8760 data points for a single alde (e.g. internal temperature) in one
climate. Since a large number of climates are reténl@stablish probabilities, the amount of
information rapidly becomes unmanageable and itléarly impracticable to simulate a
building in every possible climate.

The solution chosen here is to emulate the sinnagirocess by multiple regression. In
summary, 100 climates are chosen at random from3@@® produced by the UKCPQ09
weather generator (Jones et al, 2009) for a péaticcenario (e.g. medium emissions, 2070-
2099 time period at a chosen location). The weagkeerator then produces an hourly time
series for each of seven weather variables (terperaprecipitation, relative humidity,
vapour pressure, sunlight fraction, direct radiatamd diffuse radiation). The concept of the
regression model is that the internal conditiona building depend on a contribution of each
of these variables both at the current time anauth the inertia of the building fabric, at
each of the preceding 72 hours. (It was expectatttie contributions of each time point
would decrease towards the"7Bour before the present and that those of poiote than 72
hours earlier would be negligible and merely cdnité to an error term.) As a result there are
504 (=7x72) input weather data points at each auadue. It is to be expected that there will
be correlations between these variables but, witlaking any assumptions about their
precise nature, Principal Component Analysis (P@A¥y used to simplify the correlations
between pairs of variables (Patidar et al, 2011).

PCA is a statistical method for the analysis ofadatth a high number of dimensions, and
can transform a large number of variables whichpassibly correlated together into a small
number of uncorrelated variables (Joliffe, 198ZJARvas done in two steps: first, exploiting
the correlations within the 72 hours of each indiil weather variable, and then exploiting
the correlations between different weather vargbldis reduced the 504 components to 33
sub-components, made up of 11 for temperature,r@hi® combination of precipitation,
relative humidity and vapour pressure, and 16 Herdombination of sunlight fraction, direct
radiation and diffuse radiation. The transformethada this 33-dimension set retained 95% of
the total variation in the original dataset (Patidaal, 2011). Multiple regression was then
used to establish a simple linear relationship betwthe transformed dataset obtained from
the randomly selected climate file and the corraedptg building simulation outputs.
Because not every climate has to be simulated, régsession based approach drastically
reduces the number of building simulations that tmhes carried out for a given climate
scenario, and hence the time taken, and this mexkegation feasible.

The multiple regression approach has also provéx teffective for performing a systematic
analysis of various aspects of heatwaves, incluthiegfrequency of extreme heat events in
future climates, their impact on overheating issared effects of specific measures to offset
overheating (Patidar et al, 2013). Indoor tempeeatwould be correlated with extreme air
temperatures in a heatwave, with effects that dgtétly from those obtained by analyzing
the effect of an average rise in temperature oyeaa.



Application in building smulation

The starting point for the use of the LCF tool isiagle dynamic simulation at hourly
resolution using ESP-r, IES-VE or similar for aglenweather file. This simulation needs to
be done afresh for each building version that ibg¢anvestigated and yields a results file,
giving internal temperatures, heating or coolingds, etc also at hourly resolution. This
single results file is sufficient to calibrate tbeefficients in the multiple regression equation.
Having specified some information about the buidgisuch as times of occupancy, the
assessment criterion (e.g. 1% of occupied hoursraal#®8°C), the form of assessment
required (overheating or load analysis) and thesehduture climate scenarios, the user can
then run the tool from the weather file and thaultssfile. The tool incorporates up to 1000
weather files from the UKCPQ9 weather generatorefrh climate scenario (emissions level
and timeline) to deliver hourly results, such asgerature in each zone of the building
(Jenkins et al, 2011). These outputs are autonsethe user can choose between several
graphical or textual formats. The whole procesisplete in about half an hour.

Validation of the tool has been carried out oneatdht versions of four buildings: (i) the
filled-cavity brickwork detached dwelling describbg Jenkins et al (2011), (ii) the primary
school described by Jenkins et al (2009), (iii) thechanically cooled four-storey office
described by Jenkins et al (2008), and (iv) twoshgrs (pre and post retrofit) of the 1930s
solid walled semi-detached dwelling (Banfill et 2012). The validation was performed by
running 100 hourly dynamic simulations and comgatirem to 100 hourly regression model
profiles that effectively emulate the simulatioris. real use, all 100 hourly dynamic
simulations are not needed; only the single cdiilmmasimulation is necessary and this saves
considerable computing time, making the tool a fizable add-on as part of the building
design process. Fig. 2 shows the good agreemensinall residual differences) between the
emulated results and the dynamic simulation regattshe house (i) above: more than 93%
of the hourly temperatures are within £1.5°C of $haulation (Jenkins et al, 2011).

Residuals

Time in Hours

3 100 — - -

©
h
I
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85—

Distribution in %
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0 L L 1 1 1 | N \'.‘:'
<0 > B

Probability Density Distribution (%)

Residuals Range for Residuals

Fig.2: Validation of the regression model for a $®un London under the medium emission
scenario for the 2020-2049 period, based upon épfesentative weather files. The residuals
are the differences between the hourly temperatesémated by 100 dynamic simulations
and by the regression model.



The LCF tool outputs

As already noted, the tool can provide output ivesal forms. Fig.3 shows a comparison
between a future climate scenario and the baspkn®rmance of the same building in the
current climate. It shows the cumulative frequerafythe percentage increase of the
overheating metric (number of hours over 28°C) cara@ to the average for the baseline
scenario. It indicates that the house has a 96%aprlity of being warmer if no action is
taken, whereas using a simple window opening atlaeptaeduces this to 72%, and,
combined with external shading and reduced intetredt gains from equipment, the
probability is further reduced to 14%. An altermativay of understanding this information is
to choose a level of risk that might be acceptdblea designer. For example a 90%
probability level would cover all but the most ettre results from the tool. If designing to
this level for the same future climate Fig.3 showgh 90% certainty, that the number of
hours above 28°C for this building will show anrie&se of at least 8% when no adaptation is
used but a decrease of at most 10% when the windoavepened and a decrease of at most
42% when windows, shading and reduced gains aremafiloyed. Fig.4 shows that the
progressively warming climate increases the prdibalof overheating in the unadapted
house, expressed as the percentage of occupied above 28°C. Again 96% of climates in
the 2080s medium emissions scenario will give ntloa@ 1% of occupied hours above 28°C.
It should be noted that any other overheating reoitecan be used in the tool outputs.

A further, simpler display of the overheating risleveloped in response to feedback from
professionals (as described in the next sectisrghown in Fig.5. Here the graphical colour-
coding corresponds to the value on the verticatieeaging threshold line in Fig.4; the value
corresponding to 96% of climates in the unadaptedsé is indicated by the intense
colouration in the chart. This also shows othenate scenarios, processed in the same way
as the London, 2040-2069, medium emission scerwdrigig.3. Similar results have been
obtained for the other buildings and in the inteyed brevity are not described here. They
will be presented elsewhere.
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Fig.3: A probabilistic failure curve, showing % g in the number of occupied hours
above 28°C for a 3 bedroom detached house in Lgn@640-2069 climate, medium
emissions.

—Current climate —Med emission, 2030—Med emission, 2050—Med emission, 2080
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Fig.4: Effect of climates on the same house as3Rigth no adaptation measures used.
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Fig.5: A simplified representation of the data frdAgs.3 and 4. NA = no adaptation
(baseline), AD1 = window opening, AD2 = AD1 plusndow shading, AD3 = AD2 plus
reduced gains.

Relevance to design professionals

A series of focus groups, interviews and questioesavere administered with professionals
working in building design in order to elicit thepreferences for the form of a possible
design adaptation tool and to translate the outsotoea practical level. 46 responses to a
guestionnaire on present-day building design praatonfirmed that buildings are typically
designed to minimize capital cost and to comphhwrather than exceed) current legislation
/ regulations. Assessment of overheating is naiaify and optimization of performance in
a future climate would not normally be consideratess driven by the future occupant (Gul
and Menzies, 2012). These themes informed the iQusestused in focus groups and
interviews, in which 41 professionals participat€éte research questions addressed whether
overheating is seen as a problem, the kinds ofaténdata, tools and software in current use
in building design, use of probabilistic climateojgctions and the preferred form of an
overheating tool (Gul et al, 2012).



It was concluded that overheating is not currentigsidered as a risk in the domestic sector
but it is seen as increasingly important in non-dstic buildings, with inappropriate fabric,
south-facing glazed facades and inadequate veatilatll giving concern. However, the
typical professional’'s response is to put in sonw®ling provision to deal with the
overheating. Future overheating is seen as a prolide complex buildings and schools,
rather than housing, although it is recognized eining an issue in new dwellings in the
south of the UK. In the non-domestic sector, somgthappening in 50-60 years is not high
on the industry’s agenda and there is minimal conder future overheating risks, partly
because cooling plant is over-sized and, with adidhlifetime, is likely to be replaced before
the problem gets serious. Climate data is scatesdyl in domestic building design, which is
based on the feeling that “it worked last time”,andBas non-domestic designers use detailed
data if required, in which case CIBSE Test RefegeMears are the benchmark, although
designers lacked guidance on which climate fileshioose. Probabilistic climate projections
are perceived as a valuable way to look ahead Bma adaptation to future climates but in
practice will be used only if required by law, aaden then they must be user friendly
otherwise there will be limited uptake. Overheatarglysis is considered to be a resource
intensive exercise that would not always be justie to a client, and as a result the domestic
sector relies on basic steady state calculatides$iAP or PHPP, whereas in non-domestic
buildings SBEM (steady state) would be supporteddyayamic simulations using IES-VE,
TAS, ESP-r, Hevacomp and ClassCool.

Accepting that an LCF tool will be needed eventyalprofessional preference is for
something that can be added simply to existing hogl@rocedures, which would need to be
cost effective, and preferably sit within a sintgeel of expertise within an organization. As
a software solution, it might end up being parthef Building Regulations and therefore use
the same building specifications as those requioedSAP calculations. One professional
suggested that “two levels of a tool, one with ghhevel of information for someone trying
to understand the issues, and another simple atecéim be used for a report” would be
suitable, but another was cynical about the cunwalgirobability graph (Fig.3) because it
would be “off-putting to people who struggled wihaphs at school”. This suggested that a
colour-coded display (such as Fig.5) might be nameropriate, although this could be given
in addition (rather than as an alternative) todbgput shown in Fig.3.

Discussion

The LCF tool has proved to be useful and efficiargarrying out the overheating analysis of
the naturally ventilated buildings for which it wasiginally designed. In this situation it
delivers the temperature in the different zonesa dfuilding at hourly resolution and can
assess the probability of failure, expressed imseof the percentage of occupied hours
above a threshold temperature. However, it worksaky) successfully for the analysis of
cooling and heating loads in mechanically ventdabeildings, where the failure criterion is
more difficult to define. For example, neither daglnor heating plants are normally sized to
close tolerances, so an increase in cooling loéial/ to result in a higher number of hours
of operation and a decrease in heating load i$yltceresult in lower heating plant efficiency.
Neither of these are clear cut ‘failures’ but th€H.tool could assess cooling energy
consumption and associated £€é€missions: its merit is its potential to assessopmance
against any desired criterion.

The output of the tool can also be consideredrimgeof the risk matrix presented in Fig. 1. If
the probability of overheating, as given in Fig.i$,evaluated in terms of the building
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adaptations, where AD1 = window opening, AD2 = Aplls window shading and AD3 =
AD2 plus reduced gains, then these adaptationdegplaced on the impact axis of Fig.1.
Clearly the axis could be extended further to ofnespecified) design adaptations (denoted
ADn) in order to deal with the remaining probaleit of overheating. Fig. 6 places the
hazards in the form of future time-slices and emiss scenarios on a risk matrix of this
form. Each adaptation is a response that redueegrtbability of overheating, so the impact
of the overheating is dealt with by the adaptatifims can be clearly seen in the example of
the 2080 low emissions climate: the no adaptatidf) (baseline case is certain to overheat,
but AD1, AD2 and AD3 reduce the probability sucoesy to the 60-80%, 40-60% and 20-
40% levels respectively, and the 2080L scenarioea@@rogressively towards the lower left
of the matrix.

Further validation on more buildings and using etéht adaptation technologies will be
needed in order to test the limits to applicatidntie tool, and based on feedback from
potential users different forms of output can bitad to be more specific to the needs of
particular clients. The format chosen for the invaa interface will depend on whether the
tool is to be used as an open-source, stand-aladelr within existing building simulation
software or used as a consultancy tool by the dpees. It is recognized that it would not
immediately be a routine tool for every design, tather an additional analysis that some
clients might value. However, its potential will bealized in the future, when deterministic
climate projections are recognised to be no loragkrquate. It is difficult to imagine that
subsequent generations of climate projections a#€CP09 will revert to deterministic
forms, and probabilistic projections will eventyalle accepted as normal, whereupon the
LCF tool could be adopted as the industry standard.
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Fig. 6 Part of a notional risk matrix for overheatiin the building referred to in Figs. 3-5.
Entries in each cell signify future climates underissions scenarios, e.g. 2080H denotes the
2070-2099 period under the high emissions scen#&fiin denotes further (unspecified)
adaptations.

Since the tool can run multiple weather files fog same building, it is compatible with other
climate projections and it could be useful for ttedy of other climate variations like
locations, micro-climates and altitude or coastaitdrs. The advantage of the tool is that a
single building simulation is all that is requiredorder to carry out sensitivity analysis on
these factors.

Finally, as hinted at above, the failure analysia be converted into an energy analysis in
order to answer questions on the most probableggrmemsumption of a building for a given
future climate scenario. This could be done atnglsibuilding scale or, suitably scaled up
with appropriate diversity, to the district, city eegion scale and would therefore be useful
for power network operators needing to assess dipacity of infrastructure to meet the
demands of buildings.

Conclusion

Calculating overheating risks due to probabiligimjections of future climates through
empirical regression formulae based on a singleilsited climate can achieve very similar
results to those of detailed simulations of manfyecent climates. A validated tool that
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converts the building performance results from rglei weather file into multiple climate
results has been developed. It gives satisfactesylis for different building types, with
about 93% of hourly temperatures being within +C.5 the simulated values, based upon
over 20000 annual simulation results. A prototyeruinterface gives efficient use and
delivers outputs that describe the results in teomprobability of failure, which could be
incorporated in a risk matrix.
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