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Structure of presentation 

•  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 

 

 

 



Growing body of academic research  
on overheating 
 



Overheating metrics: still no consensus! 

Source Assessment metric Criterion 

CIBSE Guide A 
Percentage of occupied hours 
over operative temperature of 
26/28⁰C  

No more than 1% of 
occupied hours 

BS EN 15251 
Percentage of occupied hours 
over category II adaptive 
comfort upper limit 

No more than 3% or 
5% of occupied 
hours 



Overheating in new-build dwellings: 
Insights from Building Performance 

Evaluation projects 
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Living room temperatures: Summer 2013 
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Living room temperatures: Summer 2013 

•  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. 



Window opening-Summer 

20	  

21	  

22	  

23	  

24	  

25	  

0%	  

20%	  

40%	  

60%	  

80%	  

100%	  

00	   02	   04	   06	   08	   10	   12	   14	   16	   18	   20	   22	  

Av
er
ag
e	  
ho

ur
ly
	  d
eg
C	  

Pe
r	  c
en

t	  o
f	  h

ou
r	  

Case	  A1	  Summer	  (May	  -‐	  October)	  

LivRoom	  Window	   Bed	  Window	  
LivRoom	  Temp	   Bed	  Temp	  

20	  

21	  

22	  

23	  

24	  

25	  

0%	  

20%	  

40%	  

60%	  

80%	  

100%	  

00	   02	   04	   06	   08	   10	   12	   14	   16	   18	   20	   22	  

Av
er
ag
e	  
ho

ur
ly
	  d
eg
C	  

Pe
r	  c
en

t	  o
f	  h

ou
r	  

Case	  A2	  Summer	  (May	  -‐	  October)	  

LivRoom	  Window	   Bed	  Window	  
LivRoom	  Temp	   Bed	  Temp	  

20	  

21	  

22	  

23	  

24	  

25	  

0%	  

20%	  

40%	  

60%	  

80%	  

100%	  

00	   02	   04	   06	   08	   10	   12	   14	   16	   18	   20	   22	  

Av
er
ag
e	  
ho

ur
ly
	  d
eg
C	  

Pe
r	  c
en

t	  o
f	  h

ou
r	  

Case	  C1	  Summer	  (May	  -‐	  October)	  

LivRoom	  Window	   LivRoom	  Door	  
Bed	  Window	   Bed	  Door	  
LivRoom	  Temp	   Bed	  Temp	  

18	  
19	  
20	  
21	  
22	  
23	  
24	  
25	  

0%	  

20%	  

40%	  

60%	  

80%	  

100%	  

00	   02	   04	   06	   08	   10	   12	   14	   16	   18	   20	   22	  

Av
er
ag
e	  
ho

ur
ly
	  d
eg
C	  

Pe
r	  c
en

t	  o
f	  h

ou
r	  

Case	  C2	  Summer	  (May	  -‐	  October)	  

LivRoom	  Window	   LivRoom	  Door	  
Bed	  Window	  	   LivRoom	  Temp	  
Bed	  Temp	  



Overheating in existing and 
refurbished dwellings: 

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

 
 

 



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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SWI = Solid wall insulated 
CWI = Cavity wall insulated 

SG = Single glazing 
DG = Double glazing 

LOFT = Loft insulation 

fabric improvements + - fabric improvements 

Overheating in bedrooms (July’13 – Aug’13) 



Bristol Oxford Stockport 
2030 high 
emissions 
90% 

2050 high 
emissions 
90% 

2030 high 
emissions 
90% 

2050 high 
emissions 
90% 

2030 high 
emissions 
90% 

2050 high 
emissions 
90% 

Summer 
mean 
temperatu
re 
increase 

3.4 °C 
 

5.2 °C 
 

3.4 °C 
 

5.3 °C 
 

2.9 °C 
 

4.5 °C 
 

Summer 
mean 
solar 
radiation 
increase 

19% 24% 16% 22% 15% 19% 

Climate change projections from UKCP09 



Suburban Neighbourhood Adaptation 
for a Changing Climate (SNACC) 

project 

 
 

 



Overview of the SNACC project 

Research questions 
1.  How can existing suburban 

areas be best adapted to 
reduce further impacts of 
climate change and withstand 
on-going changes? 

2.  Which adaptation strategies  
perform best for the 
stakeholders 
implementing them in terms of: 

§ Technical performance 
§ Practicality and  
§ Acceptability 

How did we research this? 
1.  Identified: 

•  Types of English suburbs  
•  Potential adaptation options 
•  Climate change impacts and 

associated risks  
2.  Modelled and visualised options and 

their outcomes in 6 case studies across 3 
cities (Oxford, Bristol and Stockport) 

3.  Tested adaptation options in 
neighbourhood workshops with 
residents and stakeholders 

4.  Established why adaptations are/are 
not being implemented, and what might 
enable residents and stakeholders to 
adapt 

•  3-Year (2009 - 2012) EPSRC funded project  
•  Multi-disciplinary team of researchers (three Universities) 



St. Werburghs:  
exposed, historic 
87% mid-terrace 

Upper Horfield:  
semi-exposed, new urban 

extension 
47% end/semi-detached 

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

Botley:  
semi-exposed, public transport 

suburb 
95% end/semi-detached 

Bramhall:  
Moderately shaded car suburb 
72% detached homes 
 
Cheadle: semi-exposed, social-

housing suburb 
95% end/semi-detached homes 

BRISTOL 

OXFORD 

STOCKPORT 

SNACC case study neighbourhoods 



Potential future overheating risk at  
     neighbourhood level 

Bristol: St. Werburghs  
(Inner historic suburb) 

Bristol: Upper Horfield  
(Higher density urban extension) 

Oxford: Summertown  
(Pre-war ‘garden city’ type suburb) 

Oxford: Botley  
(Public transport suburb) 

Stockport: Bramhall  
(Car suburb) 

Stockport: Cheadle  
(Social-housing suburb) 



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. 

Assessing overheating risk: where do we  
find a greater degree of overheating risk? 



Testing individual measures to tackle 
overheating using dynamic thermal simulation 

Initial findings: shading is essential 



Package 1 (walls):   
High albedo external wall insulation, 
solar-selective low-e double glazing 
and shading 
 
Package 2 (roof/floor):   
High albedo roof, roof insulation, 
floor  insulation and shading on 
existing glazing 
 
Package 3 (heating systems): 
Insulation for hot water tank, 
primary pipework insulation and 
temperature controls   
 
Package 4 (all):   
Combines all measures 

Developing packages to tackle overheating  
(and mitigation) 

0 5 10 15 20 

Package 4 (all) 

Package 3 (heat sys.) 

Package 2 (floor/roof) 

Package 1 (walls) 

Basic Construction 

Overheating potential (% hours) 
 
 
 
 
 
 
 
 
 

 
Space heating requirements (kWh/yr) 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 

Package 4 (all) 

Package 3 (heat sys.) 

Package 1/2 (full fabric) 

2050 H 90% 

Current climate 



Sample Green Deal like package: 
 

0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0% 

2050 H 90 

2030 H 90 

current 

Control Green Deal Green Deal Internal Ins Green Deal adapted 

0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0% 

2050 H 90 

2030 H 90 

current 

Control Green Deal Green Deal Internal Ins Green Deal adapted 

Overheating 

Bristol 
Mid-terrace 

Oxford 
Mid-terrace 

Packages: 
 
•  Existing construction 
 
•  Green Deal (external insulation) 
External insulation package 
(low solar reflectivity) 
 
•  Green Deal (internal insulation) 
Internal wall insulation 
(in lieu of external wall insulation) 
 
•  Green Deal + 
Shading and high solar reflective 
external wall insulation 

*Occupancy: 2 working individuals 

Integrated improvement packages 



St. Werburghs, Bristol 
 

Green Deal-like 
package 

Green Deal+ 
package 

Integrated improvement packages  
at neighbourhood scale (2050 high emissions 90%) 



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. 

 
 

Key findings on tackling overheating 



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.  

 

Key findings on tackling overheating 



•  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 

Challenges in tackling overheating 



SNACC findings: Guidance on overheating 



Retrofit for Living: 1990s Terrace in London 

With Penoyre and Prasad 
Architects, London 

Winner of 2011 AJ 
Retrofit award

(Penoyre and Prasad)



Thank you for your attention! 

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

www.snacc-research.org  


