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Climate change and extreme heat

Extreme heat have impacts on
Climate change is increasing societies including excess
the frequency and intensity of mortality, reduced wellbeing
extreme heat events in and productivity, wildfires and
Europe. harvest failures (Khosla et al.
2022).

Excess mortality Increasing cooling demand
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Heat-associated mortality

* The extreme heat events in summer 2022 in the UK led to 3,271 excess deaths
(Wan et al, 2023; Howarth et al., 2023).

* Further analysis indicates that for the whole of 2022, more than 4,500 people

died in England due to high temperatures, the largest annual figure on record
(ONS, 2023).

* The UK’s had the highest heat-associated mortality during the heatwaves 2022
among European countries (Ravishankar and Howarth, 2024).
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Overheating

Q1: Is UK housing stock ready for extreme heat?

UK homes are not fit for current and
future heat (CCC, 2021)

Q2: Is UK Government ready for extreme heat?

Cooling _ Avonld (reduce) E[ﬁ e E[b Shift
decarbonisation Cooling demand (To renewable energy) . L. .
Cooling and overheating is absent in
— T the UK research and policy landscape
ik | effdeney (Khosravi et al 2023).
e
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Research background

This research project was built on work developed by Cardiff University through the
EPSRC-funded Flex-Cool-Store project where has a focus on the impacts of a
growth in UK cooling demand through:

* Understanding current and future cooling demand
« How this can be managed through flexible operation
* How future demand can be met in a decarbonised electricity system.

A review of the cooling demand in the UK revealed there is limited understanding of

1. Households’ cooling behaviour in domestic buildings;
2. Avariety of cooling strategies households apply to respond to overheating.

Understanding public perceptions is useful to
inform decision making!
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Objectives and methodology

An online survey was disseminated between August and September 2023 and

collected data from over 1,500 UK households to understand:

 Overheating experienced by households during heatwaves in summer
2022,

* Type of coping strategies households applied,
* Type of cooling technologies they used.

Recruitment followed a quota sampling method (age and gender, dwelling type and

region) to ensure national representativeness of the British public.
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UK Households’ reported Overheating

Householders were asked whether they find it ‘'uncomfortably warm’ in any of their rooms
during the 2022 summer heatwaves.

82% of households reported ‘uncomfortably warm’ during the summer.

Main bedroom 47%

All rooms

31%

Main living room 29%

Other bedrooms 19%

None of them 18%

11

0% 10% 20% 30% 40% 50%

Percentage of households reported ‘uncomfortably warm’ per room

‘Uncomfortably warm’ was adopted to describe a thermal sensation associated with indoor overheating.
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UK Households’ Overheating challenges over last decade:

A comparative analysis was conducted with data from the Energy Follow Up Survey 2011.

Current survey (2023)

0% 20% 40% 60% 80% 100% 120%
Households percentage

B No room overheat H Atleast one room or more overheat

Percentage of overheating reported by UK households in 2011 and 2022
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Impacts of heatwaves last summer (2022)

Disrupted sleep _ 49%

Reduced well-being, e.g., frequent headaches, ... [IIEGEGGNNEEEN 26%
Disruption to daily routine [N 26%
Negative effects on ability to work ([ 23%

Negative mental health - e.g., feeling isolated,... |GGG 19%

Disruption to travel (GGG 18%

Heat-related health conditions, e.g., heat... — 18%

0% 10% 20% 30% 40% 50% 60%
Households percentage

Impacts of heatwaves experienced by UK households during summer 2022

» Sleep quality disruption was the most frequently cited negative impact (49%)
* Reduced well-being, such as frequent headaches, fatigue, disruption to daily routine
(26%).

According to Heat mortality monitoring report :

 There were an estimated 3000 deaths associated with the 5 periods of heat across the
summer 2022 (UKHSA, 2023).

* Nearly 85% of heat related mortality occurred in adults 65+ years (Public Health England,
2022).




Risk perceptions of heat (2022)

6.1a%  Positive impacts of the heatwave Personal risk perceptions of heat stress
m Not at all
17.28% m A little
m Definitely at risk
Moderadely
56% m Not at all
27.47% Quite a bit
Possibly at risk
Very much
23% of the sample thought that heatwave had 32% don’t consider heatwave as a risk.

positive impact on their life.

UK people tend to associate hot weather with ‘good times’




UK’ households coping strategies during the hot weather in the 2022 heatwave

Various coping strategies during the hot weather

Wore different clothing (lighter, covering up) 76%
Drank and ate cool fluids and food 76%
Stayed in the shade when outdoors 63%
Opened curtains/binds/windows at night 62%
Kept curtains/blinds/windows closed during the day 58%
Used electric fan 57%
Took frequent showers/baths 51%
Avoided physical activity 47%
Stayed indoors 47%
Avoided alcohol 46%
Moved to a cool room in the house 43%
Used a paddling pool or cool hot tub 23%
Left home to visit air-conditioned or cool buildings 21%
Used air conditioner 20%
Left home to visit coastal/rural areas 19%
Received help from friends, family or other community... 12%
Sought professional advice 11%

0% 10% 20% 30% 40% 50% 60% 70% 80%
Households percentage

 Changing behaviour and daily routines were the dominant heat strategies used by
participants,

e 20% of householders indicated the use of AC and 69% indicated the use of fans.



Types of cooling technologies used by UK households

80% 80%
69% 69%
o 0% 70%
oo o [J]
g 60% w0 60%
[} L4
O 50% o
3 2 0%
S 30% . 3
g 20% 19% 2 30%
3 20% b 20%
- 7% 3 20%
10% 1% T
0% [ 10% 3%
Fans Air Centralised Other None of 0%
conditioners  cooling these
sytsem Survey (2011) Survey (2023)
Type of cooling technology B Fan users B AC users

Comparison of using fan and AC by UK household
(2011 and 2022)

lational Grid asks for two units at Ratcliffe-on-Soar plant to be
brought into action after temperature tops 30C

Types of cooling technologies used by UK
households in summer 2022
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Who has energy efficient AC?

m | don't know

UK householders were asked whether
they know what energy labels mean?

Energy rating of households cooling systems

We then asked them about their ACs energy

Over half of the respondents (52%) rating?
said they had no knowledge of energy * Nearly half of ACs owners were unaware of
labels. the energy rating of their device.

* 15% of ACs energy rating was A or B,
e 24% of ACs were F.
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Who has energy efficient Air conditioners?

18, 3% 10, 2%
29, 4%

Factors that influence the purchase of a new AC by UK households

m The company brand

m Energy labels
® Price
Features that it offers (e.g. timers etc)
u Size
m Recommendations from friends and family

m Other

* When asked what factors would be the most important consideration when buying
an AC unit, price was the topmost concern (48%).

* Energy label (24%) was the second factor to consider in choosing an AC unit.
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Knowledge about how to cope with heat and source of information

Familiar with central cooling system

Familiar with reversible heat pump _

0% 20% 40% 60% 80% 100% 120%

Households percentage

B Yes HNo

Familiarity with efficient cooling technologies

Despite the important role of heat pumps in the heating and cooling decarbonisation,
the UK household’s familiarity with this technology is very low (13%).
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Knowledge about how to cope with heat and source of information

At amount o nowiecse | -~

A litie knowledze Y ::
A lot of knowledge - | know what to do to
! I 1
cope with extreme heat

Not much knowledge _ 13%

No knowledge at all — | don’t know what 5o
to do to cope with extreme heat F ?

0% 5% 10% 15% 20% 25% 30% 35% 40%

Households percentage

The extent of knowledge about how to cope with heat

Nearly half of the participants had little to no knowledge on coping with extreme heat,

\ 4

lack of communication of heat risk with public
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Which factors influence

experienced overheating in the UK?
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Geography is the first factor that influences reported overheating

Various regions

North-East

South-West
Scotland

East Midlands
East of England
Yorkshire and the Humber
West Midlands
South-East
North-West

Greater London

Wales

51%
55%
58%

0% 10% 20% 30% 40%
percentage of respondents

50% 60% 70%

Overheating across various regions in UK

40%

35%

30%

25%

20%

15%

10%

5%

0%

Percentage of respandents

31% 31%
7%

11%

34% 34%
1%
8

33% 34%

29% 9%

Yo% 27% 269 77%
0,
4% 24
14%
139
13% 12% 1% 11% %

33%

30% 31%

28%

Below 20°C

M A large city

20-21°C 22-23°C

24-25°C 26-27°C

Reported temperature

B A suburb near a large city

A small city or town

28-29°C 30°Cor
above

A rural area

Overheating experienced the most by
dwellings located in Greater London,
3 times more than Wales.

People in urban areas
experienced 30 degrees or above,
twice more than people in rural
areas.

Temperature distribution of overheating reported by urban or rural locations



Influence of dwelling characteristics on reported overheating

Private rented —9% (n=450)
o Terraced
S Rented from social housing/local _gty( ~467)
o Bungalow 3 authority *™
£ o
3 Semi-detached 88% o
q;) § Rent-free - 75%(n=24)
o Detached 88% |°_-’
Fat onerceupie I =2
83% 84% 85% 86% 87% 88% 8% 65% 70% 75% 80% 85% 90% 95%
Percentage of respondents Percentage of respondents
Percentage of households reporting overheating by dwelling type Percentage of households reporting Overheating across tenure
90% ST 60% 54%
n 80% »
..qc.; . % 50%
B 70% <
° 60% 2 40%
Q =]
S 50% 46% 2
= S 30% 9
5 40% ° 25%
(3} [-T:]
8 30% S 20%
c c
& 20% S
7} o 10%
e 10% o
0% 0%
Pre 1900 dwellings Post 1990 dwellings Ato C(100-69) D or below (<68)
Dwellings age EPC rating

Percentage of households reporting Overheating across dwelling age Percentage of households reporting Overheating across EPC rating

Our study shows overheating reported by the households is influenced by dwelling age and,
EPC rating not dwelling type or tenure!




Influence of households income and age on reported overheating

Income brackets

Prefer not to say

Above £70,000
£60,001-£70,000
£50,001-£60,000
£40,001-£50,000
£30,001-£40,000
£20,001-£30,000
£10,001-£20,000

Below £10,000

6%

19%

0%

0,

1Q0% 15%
Percentage o(% respondents °

20%

Influence of income on reported overheating

75+

65-74
55-64
(%]
o
3 45-54
oo
&% 35-44
<C
25-34
18-24

Less than 18 years old

64%

75%

83%

92%

94%

94%

88%

83%

0% 20% 80% 100%

40% 60%
Percenga"ge of respondents

Influence of age on reported overheating

Reported overheating decreased
where income increased.

75+ had the least percentage scores for
reported overheating due to:

* Impaired ability of the elderly in detecting
heat

e Alikely preference for higher
temperatures compared to younger
people

* 75+ years do not perceive themselves as
vulnerable and at risk from heatwaves



Households' characteristics and using AC (coping strategy)

0,
Above £70,000 A 15% 0%

0,
£60,001-£70,000 ALY 4%

59%

59%
11%.,

£50,001-£60,000 : e 54% AC use is two times higher for people

0,
£40,001-£50,000 LA 15%

57% with higher incomes.

17%
. 61%

£30,001-£40,000 ¥

0,
£20,001-£30,000 7 8%
62%

0,
£10,001-£20,000 A% 0% 23%
62%

0,
Below £10,000 Rz o 19%
53%

0% 10% 20% 30% 40% 50% 60% 70%

None of these = Central cooling sytsem M Air conditioners ™ Fans

Type of cooling technology use by income

0,
75+ b oL 32%
54%

27%

65-74 N LA o/
54%
a 55-64 |lnmmmmind@ 20/ 25% 63%
: (]
o : 18% : .
B 4554 |t % e Younger people are 3 times more likely
w (]
< 35-44 e 0
= 63% to use ACs.
0,
25-34 &% 0o a0,
57%
18-24 800, R0/
57%
0% 10% 20% 30% 40% 50% 60% 70%
Percentage of respondents using cooling technologies
¥ None of these Central cooling system M Air conditioners HFans

Type of cooling technology use by age



Correlation of households' characteristics and using AC

62%

0% 10%

20%

30%

40%

50%

60% 70%

3 or more 3%
o 61%
5 7%
= 2 9
bt 57%
3 . g2 O Households with at least one child are 6
£ 53% . .
2 2% times more likely to use AC

0 o

Percentage of respondents

None of these M Centralised cooling sytsem B Air conditioning units B Fans (stand-alone or ceiling)

Using cooling technology use by household composition

Private rented

Rented from social housing/local
authority

Rent-free

5%

13%

10%

19%

19%

15%

25%

29%

39%

61%

64%

; 139
Owner occupied F 20%
51%
0% 10% 20% 30% 40% 50% 60% 70%
None of these Central cooling system B Air conditioner B Fans

Using Cooling technology use by type of tenure

Owner/occupied tenures use AC twice as
much as households living in rented social
housing/local authority tenure



Main takeaways:

* The rate of overheating reporting in UK dwellings has increased 4 times over 11 years.

* Prevalence of overheating felt in Greater London dwellings was at least two times
greater than other regions.

 Households in cities, experienced 30°C or above twice more than households living in
rural areas,

* Changing behaviours is dominant coping heat strategies within UK households,

* Uptake of ACs as a coping behaviour has increased 6 times over last 11 years.

* Overheating reported by the households in our study is more influenced by dwelling age

and, EPC rating not dwelling type or tenure.
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Main takeaways:

* Overheating experience is not entirely reliant on the building construction, other
households’ characteristics and behaviours can also affect overheating.

* Occupant characteristics is a key element of using coping strategies.

* More than a third of the sample still don’t consider heatwaves as an immediate risk.

e Half of the samples had no knowledge on how to cope with heat.

* More than half of the samples had no knowledge of energy labelling.

* Over 90% of the samples were not familiar with low-carbon cooling technologies, such as
reversible heat pumps.

* Finally, 60% of households were not aware of their EPC rating.
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Policy Recommendations to reduce overheating impacts

Hence, two types of recommendations need to be
considered to reduce overheating impacts:

* To adapt households cooling behaviours,

* To adapt building design.
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UK main policy for responding to heat

Adverse Weather and Health Plan (AWHP):

It is a reactive plan rather than proactive one,
Heat-Health Alert is produced by UK Health Security Agency in partnership with the Met
Office,

It is a short-term response to heat (through early warning system),
Lacks long-term response to heat (through behaviour adaptation and resilience-building),

Public communication is the weakest part of the plan.
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Policy Recommendations to shape (low-carbon) cooling behaviours

To reduce health impacts, UK Health Security Agency (UKHSA), must conduct a national
adaptation awareness campaign on developing:

* Risk of heatwaves and increasing risk perceptions,
* The effect of overheating on health and,
* Knowledge of effective heat coping strategies.

Government needs to launch awareness of energy efficiency programmes, as a key to the
initial purchase decision.

Incentivizing purchase of more efficient appliances can also be effective.

UK energy label needs to make energy labels easier for people to interpret. E.g., replacing
kWh information with estimated running costs (making it easier for comparisons).
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Policy Recommendations to consider overheating in building design

The government revised Part O of the building regulations in 2021 to consider passive
cooling strategies in new builds.

v’ Future research needs to be done on post-occupancy evaluation (POE) of new
build homes to see whether passive cooling is enough to reduce overheating
impact.

v' The Government needs to establish a comprehensive national retrofit plan to

adapt existing homes to reduce overheating impact.

MKO

v Overheating must be managed alongside heating and energy efficiency
programmes, otherwise, it can lead to increasing overheating impacts.
v Overheating risk needs to be considered as a factor in EPC rating calculations
alongside heating factors such as heating system, level of insulation, and fuel

source.
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Slide 28

MKO For example, energy efficiency measures programmes can negatively affect overheating if the specific characteristics of individual buildings and their

heat performance are not considered
Mehri Khosravi, 2024-06-18T12:36:06.161



THANK YOU!

E-mail: mkhosravi@uel.ac.uk
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