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Energy Epidemiology

Basic aims of energy epidemiology are:
• To describe and measure the distributions of energy demand
• To explain the distribution by its determinant factors: physical,
environmental, social, behavioural

• To support models that predict the changes expected in the
distribution due to interventions, particularly energy efficiency and
behavioural control measures
• To provide an evidence base for informing policy related to the
management of energy demand.

Energy Efficiency in England

Study background
More than 16.4 million UK dwellings have received some form of
energy efficiency retrofit since 2000.
The majority of these retrofits were directed towards reducing a
dwelling’s heat demand through fabric insulation, ventilation control
and more efficient heating systems, with many of the retrofits being
installed in combination.
The rate of retrofit uptake across UK dwellings has been less than is
required to meet UK targets. Further, the impact that these retrofits
have on energy demand has been less than predicted..

Energy Efficiency in England
Uptake from Homes Energy Efficiency Database 2000 to 2007
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Uptake distribution
High uptake rate (vs a low rate) is associated
with lower incomes, more owner-occupied
dwellings and more dwellings (compared to
flats)

Programmes targeting lower-incomes are
associated with higher benefits receipt and
household age.

Energy Efficiency in England

Energy demand can vary considerably amongst households (Hamilton
et al., 2013), even amongst seemingly similar types of dwellings due to
occupant practices (Summerfield et al., 2007).

Energy Efficiency in England

Issues to tackle
1. Who have (and have not) taken up retrofits and whether
household factors affect this take up over time; and
2. What impact have these measures had on demand and how does
it differ amongst households.

Energy Efficiency in England

Study
A population-based cohort study of English dwellings selected from the
Homes Energy Efficiency Database (HEED) was used to investigate the
association between household and dwelling characteristics and the
uptake of energy efficiency retrofits and also the impact of those
retrofit on changes in energy demand.
The study used a sample that was drawn to be representative of English
houses, using the English Housing Survey as a sample frame.
The uptake of energy efficiency measures was examined from 2002-07.
The change in gas and electricity demand was followed from 2004-07.

Energy Efficiency in England

Research Questions:
1. What is the rate of uptake of energy efficiency measures in the
English housing stock, what dwelling, household and local area
features affect this rate, and what differences exist between those
dwellings that installed/received efficiency measures;

2. What is the rate of change in energy demand in the English
housing stock and what dwelling, household and local area
features affect this rate; and,
3. What is the impact of heating system and fabric insulation energy
efficiency measures on change in energy demand and what factors
affect these changes;

Cohort Study Design
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Results – Uptake of retrofits
Uptake of efficiency measures† in England
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Results – Uptake of retrofits
Uptake of efficiency measures† in England
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Results – Energy (gas) demand
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20,300 kWh/yr (mean);
19,650 kWh/yr (mean);
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Sample N= 145,885

Results – Energy (gas) demand
Retrofit
The combined effect of additional measures showed greater reductions
in the change in demand. Cavity wall and loft insulation and a
condensing boiler installation showed a 10.8% change in demand.

Results – Energy (gas) demand
Retrofit
Stratifying by neighbourhood income shows a more consistent trend with
neighbourhoods in the lower income quintile associated with on average
lower changes in gas demand and higher incomes having greater changes

Discussion points

Deep Retrofit
The impact of energy efficiency retrofits, after adjustment for physical
and household factors, demonstrated a clear dose-response effect
whereby combined packages of retrofits was associated with
increasing changes in energy demand.

Larger reductions were associated with boilers and cavity wall
insulation, with only minor additional effects from lofts and glazing.
The largest proportional change in gas demand was associated with
the combined installation of a condensing boiler, and cavity and loft
insulation at -10.8%.

Knowledge Gap

Models do not yet reflect ‘real’ energy demand sufficiently to model
actual impact

Interventions

Average¥

Actual
Change
from 2005

Actual
Savings
(from trend)

Modelled
Savings+

All 2005

17,567

-

-

-

No efficiency† 2007

16,243

-7.5%

-

-

Boiler only* 2007

14,501

-17.4%

-9.9%

-20.0%

Loft & Boiler only* 2007

14,494

-17.6%

-10.0%

-25.2%

Cavity & Boiler only* 2007

14,172

-19.4%

-11.8%

-41.1%

Notes:
†No efficiency measures from 2005 to 2007;
*Intervention in 2006;
¥median;
+ using EHS 2009 with no rebound factors

Proportion of centered mean gas demand
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*Representative sample of British dwellings with predicted 2007 gas primary space and water heating
†Representative sample of British dwellings with actual 2007 gas meter readings

•
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N=13,000
N=50,000

Modelled demand needs to be improved
Need to dramatically improve energy demand in both old and new dwellings

Discussion points

Take home message
Energy efficiency retrofits do have an attributable impact on reducing
space-heating related energy demand
That combining retrofits displays a dose-response like effect on
energy demand, after controlling for household and dwelling factors.

