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 Brief background

« Recent evidence of high temperatures (summertime

overheating) in new-build and existing homes in current climate

* Modelling future overheating risk: SNACC climate change

adaptation project
+ Key findings

« Challenges in tackling overheating
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Growing body of academic research

on overheating
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The implications of a changing clime
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1. Introduction

This special issue of Building and Environment deals with
implications of a changing climate for buildings. Climate ch,
is considered to be one of the main challenges facing human
in the 21th century, with serious and global consequences fol
environment [ 1], human health [1,2], and the economy [3]. Inil
the built environment is a significant contributor to greenhous:
emissions. For typical developed nations like the OECD count
about 25-40% of anthropogenic greenhouse emissions wil
related to buildings; 40-95% of these emissions will be cause
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Adaptive comfort in an unpredictable world

Fergus Nicol and f

The current global economic crisis which started in
2008 has changed the world for many people. The
cost of living has gone up, and for many the standard
of living is going down with a corresponding increase
in fuel poverty. Even for larger companies the cost of
energy is beginning to feature in boardroom discus-
sions. How can comfortable working and living con-
ditdons be maintained for the majority in such a
world, especially with the added uncertainty of
climate change?

The answer must be by thinking differently. Unless
thermal comfort research addresses such issues it
risks becoming marginalized. Equally, the growing
clamour for fixed global standards to achieve energy
efficiency (such as the PassivHaus standard) does not
recognize the contextual nature of thermal comfort.
The research community must be part of the solution
to global concerns. There are significant questions to

be addressed:
* What are the appropriate ways to characterize a
building that is truly “fit for purpose’ and which
will remain so throughout its life?

* How can design goals be set that will ensure that

= Structural Survey

Article Information: Adaptation of the built environment towards achieving

improved resilience to climate change

To cite this article: Jessica Lamond, David Proverbs and Colin Booth, (2013)
"Adaptation of the built environment towards achieving
improved resilience to climate change”, Structural Suney, Vol.
31 Iss: 4, pp. -

To copy this article: permissions@emeraldinsight.com

Article Type: Guest editorial From: Structural Survey, Volume 31, Issue 4.

Changes to world climates are predicted to result in an array of challenges to both natural and man-made
habitats, chiefly because they have ewlved or been designed to operate under different climate conditions.
The buildings we have now will still dominate most urban spaces in the future therefore adaptation of our
existing built environment has become a key priority. Adaptive approaches need to be balanced against
economic constraints, competing priorities, social norms and aesthetic tastes of people and society.
Changes to perceptions and habits may need to be encouraged and perhaps accelerated by alterations to
relevant legislation and guidance. However, within these challenges lie the seeds of an opportunity to
transform our existing and new buildings for the better and to adopt new technologies and practices that
improve the quality of the built environment for generations to come.

The papers submitted for this special issue reflect the theme of managing the transformation of the built
environment for an uncertain future. Major challenges are expected to be seen in terms of increased levels of
natural disasters, particularly flooding and heat waves. Long-term environmental change is also expected to
result in sea level rise and increased storminess. However, the scale and timing of such changes are far from
predictable and the responses chosen must be sensitive to this uncertainty as well as take into account the
views of multiple stakeholders.

Two papers address the choices around adaptation for increased temperature based on climate predictions.
As the global climate gets warmer, the issue of overheating in buildings becomes an increasing concern for
building designers faced with designing new buildings and adapting existing buildings. This is a complex
process with multiple factors to consider including the risks inwolved (such as threats to life and health), the
probabilities associated with climate change projections and the myriad of building types, building forms and
building technologies.
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Overheating metrics: still no consensus! BROOKES

Percentage of occupied hours
over operative temperature of
26/28°C

No more than 1% of
occupied hours

Percentage of occupied hours No more than 3% or
over category Il adaptive 5% of occupied
comfort upper limit hours
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Overheating in new-build dwellings:

Insights from Building Performance
Evaluation projects
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Living room temperatures: Summer 2013 BROOKES

Living room temp. distribution
3.3% 3.9% 3.5% 6.3%
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Living room temperatures: Summer 2013 BROOKES

Bedroom temp distribution .
5.3% 4.7% 4.9% 26.1% 4.4% 7.7% Case 5: Mid-terrace,

northeast-facing

100% ~
90%
80%
70%
60%
50% |
40%
30%
20%
10%

0%

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 .
Case 6: Semi-detached,

M<20 720-22 22-24 24-26 W>26 southeast-facing

 Lack of measures to tackle the risk of
overheating now and in the future.

« Risk of overheating exacerbated by
internal gains especially in ‘air-tight’
buildings.
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Case A2 Summer (May - October)
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Overheating in existing and
refurbished dwellings:

EVALOC low carbon communities project:
www.evaloc.org.uk




Overheating in bedrooms BROCKES

A sample group of 55 Houses:

* 65% of bedrooms reach temperatures greater than 26°C for more than 1%
of the occupied hours during summer

« Average percentage of occupied hours over 26°C in bedrooms is 5.5%, with
nearly 25% overheating for more than 10% of the occupied hours

« Lack of any interventions (socio-technical) for tackling overheating as part of
energy retrofits.
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30.0 SWI = Solid wall insulated
CWI = Cavity wall insulated
SG = Single glazing

DG = Double glazing
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2030 high 2050 high 2030 high 2050 high 2030 high 2050 high
emissions emissions emissions emissions emissions emissions
90% 90% 90% 90% 90% 90%

Summer 3.4 °C 5.2 °C 3.4 °C 5.3°C 2.9 °C 4.5 °C
mean

temperatu

re

increase

Summer 19% 24% 16% 22% 15% 19%
mean

solar

radiation

increase
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Suburban Neighbourhood Adaptation
for a Changing Climate (SNACC)
project



Overview of the SNACC project BROOKES

UNIVERSITY

« 3-Year (2009 - 2012) EPSRC funded project ge o
- Multi-disciplinary team of researchers (three Universities) TR
Research questions How did we research this?
1. How can existing suburban 1. Identified:
areas be best adapted to » Types of English suburbs
reduce further impacts of  Potential adaptation options
cIimatg change and withstand - Climate change impacts and
on-going changes? associated risks
2. Which adaptation strategies 2. Modelled and visualised options and
perform best for the their outcomes in 6 case studies across 3
stakeholders cities (Oxford, Bristol and Stockport)

implementing them in terms of: 3. Tested adaptation options in
neighbourhood workshops with

= Technical performance residents and stakeholders

= Practicality and 4. Established why adaptations are/are

= Acceptability not being implemented, and what might
enable residents and stakeholders to
adapt



SNACC case study neighbourhoods BROCKES
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St. Werburghs:
exposed, historic
87% mid-terrace

Upper Horfield: ||
semi-exposed, new urban

extension
47% end/semi-detached

OXFORD
Summertown:

Shaded, pre-war suburb
62% end/semi-detached

Upper Horfield, Bristol

Botley:
semi-exposed, public transport

suburb |
95% end/semi-detached

STOCKPORT

Brambhaill:

Moderately shaded car suburb | - L

72% detached homes IO e (i
«._‘_‘

AT

Cheadle: semi-exposed, social- —t

o, £ housing suburb
Brambhall, Stockport iy X & 95% endlsemi'detaChed homeS

Cheadle, Stockport



Potential future overheating risk at OXFORD

neighbourhood level BRQE>

Bristol: St. Werburghs  Bristol: Upper Horfield Oxford: Summertown

(Inner historic suburb) (Higher density urban extension) (Pre-war ‘garden city’ type suburb)
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Assessing overheating risk: where do we BROORES
find a greater degree of overheating risk?

Neighbourhood and garden:
= Orientation: East and west facing homes
= Homes on exposed streets (e.g. no shading from trees)

= Darker pavement and external wall and roof surfaces increase solar
absorption and contribute to higher microclimatic temperatures.

Home characteristics:

= Built form: having either or both a small floor area and limited exposed
external wall area can lead to a higher probability of overheating

= Extent of glazing: Having a greater glazing area vs. less glazing area
» Location of glazing: Presence of roof lights
= Lightweight home vs. heavyweight home.



Testing individual measures to tackle
overheating

. De!

Current climate

Typical const.
Internal ins.
Cavity Wall ins.
External ins.
High albedo
Thermal Mass
Shading

2030s

Typical const.
Internal ins.
Cavity Wall ins.
External ins.
High albedo
Thermal Mass
Shading

2050s

Typical const.
Internal ins.
Cavity Wall ins.
External ins.
High albedo
Thermal Mass
Shading

2080s

Typical const.
Internal ins.
Cavity Wall ins.
External ins.
High albedo
Thermal Mass
Shading
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Using UK climate change projections to adapt existing English homes for

a warming climate
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This paper uses prababilistic climate change data from the UK Climate Change Projections 2009 to define
extreme climate change in order to model the effect of future temperature change, particularly summer

erh on the energy ion of, and comfort in, existing English homes (located in Oxford).
Climate change risk is then analysed as a factor of climate hazard, exposure and vulnerability. With the
risk of overheating theoretically identified, the risk of overheating and the future change impact on space
heating energy use is then virtually detailed for four English home types modelled using future weather
years in adynamic simulation modelling software (1ES). A range of passive adaptation measures are then
critically reviewed with regard to their effectiveness in minimising the negative impacts of climate
change and to identify the most effective in redi orel the nega impacts of
climate change on comfort and energy consumption. In addition the adaptation options are grouped and
tested as packages in order to identify the optimal solution for adaptive retrofitting of English homes. For
all homes modelled, user<contralled shading proved to be the maost effective adaptation. Increasing the
surface albedo of the building fabric and exposure of thermal mass were also revealed to be effective
although proving to be complicated and requiring detailed consideration of the optimal locations
Ultimately among the passive options tested, the research found that none could completely eliminate

the risk of overheating in the homes particularly by the 2080s.

® 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Adaptation of the built environment to dimate change is
becomlng mcresmgly as important as mitigation. Adaptation,
e toreduce or eli risk, will be critical
glventheearth is committed to atleast 18 “Cglobalaverage surface
warming by the end of the century even in the most optimistic
projection presented by the Intergovernmental Panel on Climate
Change (IPCC) [1]. IntheUnited Kingdom, it is very unlikely that the
mean summer temperature change increase for the southeast of
England will be below 1.4 °C by the 2080s [2].

The housing sector in particular is not only contributing to
asignificant proportion (27%) of the UK’s CO, emissions as a result
of energy consumed for heating, lighting, cooking and use of
electrical appliances, but it is also recognised to be inadequate in
capacity to adapt to future climate change or even variation in the
current cdlimate |3,4]. A warming climate is projected to change the
comfort conditions and energy use pattems of existing UK homes

. Cm\spmdmg author. Tel: +44 (0) WS 484049 fax: +44 (0) 1965 451298

to a considerable degree through this century. This is why
emerging policy on climate change adaptation is overwhelmingly
focused on tackling overheating in new and existing housing [5].
This policy focus needs to quickly link with the large scale deep
retrofitting programmes, such as the Technology Strategy Board’s
Retrofit for Future programme, which are taking place now in
response to the UK government’s intent to reduce CO; emissions
80% below 1990 levels hyZOSO IGL Climate change mitigation can
be both istic and opp jon so it is in our best
interest to ensure that the retroﬁts do not lock-in overheating risk
through measures that are not tested for futurechange inclimate. It
is also important that the potential to adapt in simple ways are not
missed in the process of retrofitting the existing building stock. In
order to most effectively reduce the risk to future generationsit is
essential that neither mitigation nor adaptation have negative
consequences nor become contradictory [ 7).

Climate change adaptation has a dear role to play in mitigation
oriented refurbishment approaches. One dear example is that
a large majority of dwellings in the UK have no mechanical cool-
mg Modelling has shown that building performance in current
conditions’ can function as a performance benchmark

Tup acuk (R Gupt). mgress acuk
(xwrem

(360-1323/$ — see front matter & 2012 Elsevier ltd All rights reserved.
dai: 10.1016/j builenv 201201014

for a typical hot summer in the 2050s [8]. Increase in summer
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Package 1 (walls):
ngh albedo external Wa” |nSUIat|On, Basic Construction
solar-selective low-e double glazing Package 1 (wals)

and Shad|ng Package 2 (floor/roof)
Package 3 (heat sys.)
Package 2 (roof/floor): Package 4 (all
High albedo roof, roof insulation,
floor insulation and shading on Overheating potential (% hours)

existing glazing

Current climate

2050 H 90%

Package 3 (heating systems):
Insulation for hot water tank,
primary pipework insulation and
temperature controls

Package 1/2 (full fabric)
Package 3 (heat sys.)
Package 4 (all)

0 5001000150020002500300035004000450050005500

Package 4 (all): Space heating requirements (KWh/yr)
Combines all measures



Integrated improvement packages

Sample Green Deal like package: Overheating

Packages:

current

- Existing construction _
2030 H 90

External insulation package 2050 H 90 :
| X

Bristol
Mid-terrace

(low solar reflectivity) | | ]
00%  2.0% 40% ! 6.0%

8.0% 10.0% 12.0% 14.0%

e Green Deal (interna| insu|ation) H Control ~ Green Deal lGreien Deal Internal Ins “ Green Deal adapted

Internal wall insulation
(in lieu of external wall insulation)

current

Shading and high solar reflective 229"

external wall insulation

2050 H 90
| | 1

Oxford
Mid-terrace

0.0%  2.0% 4.0%: 6.0%

*Occupancy: 2 working individuals

8.0% 10.0% 12.0% 14.0%

EControl = Green Deal EGreen Deal Internal Ins ™ Green Deal adapted
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RESEARCH PAPER

Preventing the overheating of English
suburban homes in awarming climate

St. Werburghs

Rajat Gupta and Matt Gregg

Low Carbon Building Group,Oxford Institute for Sustainable Development, School of Architecture,
Oxford Brookes University, Headington Campus, Gypsy Lane, Oxford OX30BP,UK
E-mails: rgupta@brookes.ac.uk and mgregg@brookes acuk

As the impacts of dimate change become more prominent within the next 50 years and beyond, the risk of overheating in
homes is a concern. This s specifically relevant i the UK's suburbs where 84% of the population reside. To assess this
future imp act and the effecti of adapti fitting, probabilistic limate change data for the 2030s and 2050s are
used to assess the overheating risk in six suburban house archetypes in three cities n the UK: Brstol, Oxford and
Stockport. The risks of overheating in typical constructions are assessed and the ability of p ing heati
through the use of ad i ck s evaluated through dy ic thermal smulation. Homes in Oxford show the
weatest nsk of overheating. The most effective (passive) package for tackling future overheating tends to combne
fabric mprovements and mtemal heat gam reduction. To asist planners and policy-makers i assessing
preventing overheating n<k at a stock level, this adaptation package s further eval d in selected neighbourhood:
across the three case study aties, using the geographical mformation system (GIS )}-based DECoRuM-Adapt (D omestic
Energy, Carbon Counting and Carbon Reduction Model) model. The mplications for public policy are that the
exasting housing stock must be future-proofed for a warming cimate, particularly retrofit programmes (e.g. the Green
Deal) and any upgrading of building regulations.

Keywords: adaptation, climate change, housing, mitigation, overheating, retrofit, suburban
Ftant donné que les rép du ch b vont devenir de plus en plus importantes au cours des
cinquante prochames années et au-deli, le risque de hauffe dans les hat constitue un sujet de
préoccupation. Ceci revéet une liére dans les banl du Roy Uni dans k lles réside 84 %
de ba population. Afin d'évaluer cet impact futur et I'efficacité du reamé daptatif, les données probabil
relatives au changement climatique pour les années 2030 et 2050 sont utilistes pour évaluer ke nsque de surchauffe
dans six archétypes de masons suburbaines situés dans trois villes du Royaume-Uni : Bristol, Oxford et Stockport.
Les risques de surchauffe dans des types sont évalués et la possibilité de prevenir I'excés de chaleur par
ke recouns 3 des trains de mesures d'adaptation est évaluée au moyen d'une 1 h dy Les
habitations situées 3 Oxford présentent ke plus grand risque de surchauffe. Les mesures (passives) les plus efficaces S
pour s'attaquer aux futurs excés de chaleur tendent 3 combiner les améliorations apportees 3 'enveloppe des Cqe ” =
bitiments et une réduction inteme du gain de chaleur. Afin d'aider les planificateurs et les dacideurs & évaluer et & y llkely to 'Overl(eat
prévenir le risque de surchauffe au niveas du parc bat, cet ble de mesures d'ad est evalué de maniere
plus poussée dans des quartiers sélectionnés sur les trois villes faisant I'objet de I'etude de cas, en utiisant le modele
DECoRuM-Adapt (Domestic Energy, Carbon Counting and Carbon Reduction Model - modele d'energie A I +
d de bl du carbone, et de reduction du carbone), bast sur un systéme d'imnformation 7 a

b (SIG). Les impl pour les pol bl sont que la pé e future du parc de logements
existant doit etre assurée en termes de réchauffe 1 en en particulier 3 des programmes de
réaménagement (par ex. le New Deal vert) et i toute mise 3 jour de la reglementation du batiment.

Mots des adaptation, ch chimatique, k e hauffe, reamé bk

#2013 Taylor & Frandis



Neighbourhood and garden

« Many homes in Oxford sustain overheating after adaptive packages are
applied, so community cool rooms could be a supplementary option.

« At the neighbourhood scale, introduction of blue and green infrastructure is
likely to bring cooling benefits and is welcomed by residents.

— However, there is uncertainty over implementation, particularly about cost
and responsibility for installation and management.

Home

« Shading should accompany increased insulation and airtightness measures
and be architecturally designed and/or user controlled

« External insulation or any new external finishes be light in colour minimise
the influence of solar absorption which is projected to have an adverse impact
in future summers.

HERIOT

ge University of the
West of England
BRISTOL




Home cont...

* Respect existing thermal mass — recommend external insulation as opposed to
covering existing thermal mass with internal insulation.

« Balance fabric measures with internal gain reduction and control (e.g. hot
water tank insulation, pipework insulation, temperature controls)

» Effective adaptations in reducing overheating risk (e.g. insulation of primary
pipework) can reduce energy consumption and cost less than the typical
mitigation measures - ‘do-it-yourself’ measures.

Overall

« ‘Adaptive retrofitting’ should be combined with ‘low-carbon retrofitting” of UK
housing to avoid lock-in effect and sub-optimal retrofitting — Package
development

* As an individual measure, shading (externally) the glazing from incident solar
radiation is most effective in reducing overheating hours.

ge University of the
West of England
BRISTOL

HERIOT




« Convincing the residents that overheating is / will be an issue

— Some residents do not believe that overheating is a 'serious
issue' for them (either because they don't believe the climate
science or because they don't believe that their homes are at
risk)

 Occupant behaviour

— Learning when and how to operate shading devices (e.g.
shutters, louvers)

* Retrofitting
— Tendency to use internal insulation (aesthetics, cost, etc.)

— Potential conflict between air-tightness and ventilation

HERIOT

ge University of the
West of England
BBBBBBB




SNACC findings: Guidance on overheating BrOOKEs

UNIVERSITY
Department for ge University of the
Cor?namunities and ESAW West of England

Local Government

HERIOT

NIVERSITY

arcccn

Investigation intof [ he National Ad

. Synthesised advice on identifying
PrOg ramme and preventing overheating in
homes under the Green Deal

Literature Review

Maklng the cour ADT 201
to a Cha nging CI THE ARCC COORDINATION NETWORK

The of UK buildings and infr: % critical to our national well-
being and economic stability. To ensurs policy-makers and practitionsrs have the best
available evidence on which to base decisions in these sectors, the EPSRC is investing
Maviynmlonmmnnmm«mmmmmxndudupwm

within ths A and Resili inaC ing Climats {(ARCC) programms and
the g C i (ARCC CN). By engaging recearch projects and
a wide range of national, regional and local stakehol the ARCC CN i
and accslerates the use of outputs from across the academic community to inform
the of a more 1 built envi Working with g
provides a crucial channsl for ressarch to have a dirsct and timsly input into the policy-
making process.

CONTACT: THE GREEN DEAL AND OVERHEATING

CREW: Steve Hallell, The Green Dedl ic a scheme, launched by the UK's Department of Energy and Ciimats

S Change (DECC). to enable houssholders and businesses to maks energy-saving
. . improvemsants without having to pay all the costs up front. Its focus is on retrofitting
Ju'y 2013 Ses existing propertisc with an emphasis on actions such as insulation, draughtproofing
SNACC: Rsiat Gupta & and double glazing. It is an ambitious programme, aspiring to addrecs the millions
Katie W'iln—q—&m of properties that would bensfit from energy sfficiency measurss. Ths Green Deal
. progmnmnsewedmhmgalamanumb«ofmplsyﬂnmoﬂﬁwgym
markst, fulfilling the rolec of authoriced Green Dsal and provi

UKCIP: Roger Street
Three ARCC projects, CREW, LUCID. SNACC have produced findings that indicated

HM GOVernmerﬂ rocEvkeip omuk that,in soms casss, heavily insulated homes could incrsase ther ick of overhsating

and poor indoor air quality. The projects all have evidence to suggsst that Green Deal
measurse could craats new problems in ths futurs, with inappropriatsly-inculated
propertiec experiencing poor indoor air quality and significant summer overhsating. The
msamwlarmulmclnmawmwwmmmlm
warmsr with an i A review of overhsating
nnd-caedmanypeaJIyZOOOdeamspayowwmbmuynfwmddnwheatmdm
this could riss to 5,000 per ysar in the 2080c if action is not taken (DCLG, (2012)a).
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Thank you for your attention!

www.shacc-research.org

http://architecture.brookes.ac.uk/research/lowcarbonbuilding/




