Health impact assessment of energy efficiency:
A UK Case Study
Beyond energy savings: The multiple benefits of energy efficiency
5-7 March, 2018
Ian Hamilton
Associate Professor
UCL Energy Institute

Buildings as a modifier of health
•

Buildings act as a modifier for health, exacerbating or protecting against
exposure to thermal stresses and air quality.

•

Indoor environmental quality
– Indoor air quality and exposure to internal & external pollutant sources
– Exposure to heat and cold

•

Energy use is a strong feature in modifying the indoor environment
– Energy for maintaining adequate indoor environment (ventilation, heating and cooling)

•

Population exposure to air pollution is typically evaluated using the
outdoor concentration of pollutants and does not account for the fact
that people spend a majority of their time indoors.

Building energy
performance
can increase
the risk of
temperature
related death
from
cardiovascular
disease.

Risk of death relative to yearly minimum 10-week moving average

Buildings as a modifier of

air pollution, and social cohesion, as seen in article three
of this Series. However, specific epidemiological evidence
about environmental interventions is comparatively
limited, and is an area of much needed further
14–16
healthresearch.
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Buildings as a modifier of health
Health impacts
The UK has more
excess winter deaths
and more ill health in
winter than colder
European countries.
England’s EWD ranges
from 15,000-30,000
per year.

Source: ONS 2012

Building quality and health
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Figure 2: Connections between the built indoor environment and health
VOCs=volatile organic compounds.
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Pathways of energy efficiency and health impact
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The English housing stock
•
•
•

Detached archetype

22.8 million homes in England
8 typical dwelling types
4 main occupancy types; owned, private rented, local authority, housing
association (RSL)

Semi-detached archetype

Terrace (end and mid)

Bungalow

Highrise, lowrise and converted flats

Energy Efficiency Retrofits include…
Insulation of walls, loft and floor

Draught proofing

Double glazing

Boiler upgrade

Trickle vents and extract fans

‘one home retrofit per minute will need to be carried out between
now and 2050 if the UK is to meet its legally binding climate change
target’ – UK Green Building council (2013)

Energy Efficiency in England
Uptake from Homes Energy Efficiency Database 2000 to 2007
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Energy Efficiency in England
Uptake distribution
High uptake rate (vs a low rate) is associated
with lower incomes, more owner-occupied
dwellings and fewer flats
Retrofits are concentrated in northern and
urban areas.
Programmes targeting lower-incomes are
associated with higher benefits receipt and
household age.
Fabric efficiency measures uptake rate* (Mean)

https://doi.org/10.1080/09613218.2014.867643
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0.9 - 1.0

0.6 - 0.8
1.0 - 1.1

0.8 - 0.9
1.1 - 1.8

*Average of cumulative number of measures 2000 to 2007
over total number of houses in 2007 at LSOA (n=500 dwellings) level

The Challenge
UK’s ventilation guidance for retrofits
is very unclear.
The approved documentation used
for compliance with the building
regulation offer only limited guidance
on determining adequate ventilation
during works.
No guidance for determining the
ventilation characteristics or air
quality in advance of, or following, a
retrofit.
The provision of ventilation measures
is ultimately left to the discretion of
the installer or household.

If outdoor pollution is minimized with mitigation
measures, exposure to indoor pollutants will
comprise the majority of occupant exposure.

Health Impact Assessment modelling
The modelling comprised Three main sub-components:
A building physics and air flow model of the indoor environment of English
houses that quantifies:
indoor temperature,
particle pollution,
Environmental tobacco smoke (ETS),
radon, and
mould growth;
A model of indoor exposure-related health impacts based on a combination of
life table methods and,
(for adults) common mental disorder and childhood asthma, directly
modelled changes in disease prevalence;
A health and healthcare cost model to evaluate economic impacts

Method
Model development timeline
HiDEEM v1

HiDEEM v2

NHM Health
(HiDEEM v3)

• Two dwelling
archetypes
• Limited exposures
• Population level
lifetables

• Housing Survey
base (dwellings +
people)
• Extended
exposures with
interactions
• People specific
lifetables

• Micro-simulation
model
• Language based
scenarios
• Probabilistic
projections
• Healthcare costs

Method: National Housing Model – Health Module

Method: Building efficiency modelling
Estimates of fabric heat loss, heating system, ventilation heat loss and overall energy
performance are made using a SAP like model.

EHS building physical
characteristics

Fabric thermal
performance
[heat loss, W/K]
Heat system
performance
[efficiency, %]
Infiltration
performance
[permeability,
m3/m2/hr]

Exposure Modelling
Dwelling thermal
performance and
heating efficiency
[E-value, W/K]

Indoor Bedroom
and Living Room
Temperature
[temperature, °C

Dwelling ventilation
performance

Dwelling indoor
exposure levels

Dwelling
ventilation
systems

Pollutant
model
matching

Building Pollutant
Modelling

Method: Building efficiency modelling
Internal temperatures are predicted
using a measured relationship
between the whole house efficiency
(fabric, ventilation and heat system)
and indoor temperature (Oreszczyn et
al, 2006).

Method: Pollutant modelling (in CONTAM)

yi = b0 + b1xi + b2xi2 + b3xi3 + b4xi4
ETS (μg/m3)

• Eight dwelling archetypes
• Four occupancy types
• Five ventilation strategies:
• No trickle vents or extract
fans (Window opening)
• Trickle vents and extract fans
• Trickle ventilation
• Extract fans
• Mechanical ventilation with
heat recovery systems
(MVHR)

Method: Building performance and exposure model validation
Building performance and exposure model outputs are validated against national
measurements and monitoring (where available).
Energy performance
Building Performance
Fabric heat loss (W/K)
Heat system efficiency (%)
Permeability (m3/m2/hr)

Modelled
Mean
274
76%
13.8

Warm Front Study
Mean
Source
224
Oreszczyn et al, 2006
67%
Hong et al, 2009
17.2
Hong et al, 2006

Mean
203.8
74%
13.9

National
Source
DECC, 2012
DECC, 2008
Stephen, 1998

Environmental exposures
Exposures
Modelled
Comparison
Source
Temperature - living room (°C)
18.6
17.9 - 19.1
Hong et al. 2006, OPDM 1998
Temperature - bedroom (°C)
17.1
15.9 - 18.5
Hong et al. 2006, OPDM 1998
Indoor PM 2.5a (ug /m2)
17
17 - 25
Hanninan et al. 2004, Dimitroupolou et al. 2006
Indoor PM 2.5 b
10.9
9.3*
Shrubsole et al. 2012
Outdoor PM 2.5
6.1
6.1*
Shrubsole et al. 2012
Radon (Bq/m3)
26.2
21
Gray et al. 2009
Mould (% with MSI >1)
11.5
14.6 - 21.2
OPDM 1998, Oreszczyn et al. 2006
% of houses with smoker
21.2
21
ONS 2008
Note: a) Weighted average values of kitchen (10%), lounge (45%) and bedroom (45%); b) Indoor sources of PM2.5 relate to
cooking only with an emission rate of 1.6 ug/min; * Indicates modelled estimate.

Method: Health impacts data

Method: Health modelling

x Time-lagged relative
risk
Exposure-response
relationship
Morbidity:
• determined using a
scaling factor : Years
of life with
disease/Years of life
lived

Proportion of relative risk

Mortality - Life tables (ONS data):
psurvival(age, sex) = 1 – Ndeaths/Npop

Quality Adjusted Life Years:
"
QALYs = ∏"#$..&'()*+ ,-./01023
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Method: Health costs data

Scenario: Improving energy efficiency of England’s housing
To illustrate NHM-Health, the model is used to evaluate an energy efficiency retrofit
scenario in English dwellings.
The scenario included retrofitting all eligible dwellings to an EPC band of B and the
effect of A) adding purpose provided ventilation; or B) no added ventilation.
The retrofits include:
• installation of fabric insulation (cavity, solid wall and lofts),
• replacing single glazing with low-emissivity double glazing,
• replacing non-condensing heating system with condensing systems, and
• adding draught-proofing to reduce air leakage.
Technologies were installed into all eligible dwellings, i.e. those where a less
efficiency technology was present or was missing altogether.

Results: Health costs over 42 years

Results: Health costs over 42 years after full energy efficiency intervention
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Implications
The built environment has significant impact on health via, for example,
indoor environmental quality (a function of both the quality of a building and
its immediate urban environment)
Appropriate interventions to improve health can coincide with responses to
climate change (adaptation and mitigation) and the desire for energy security
The complex nature of the impact of such interventions means that the
possibility of negative unintended consequences exists
However, there is increasing acknowledgement and understanding of this
complexity. The success of relevant policies is not dependant on a capricious
and unpredictable reality – rather that the reality is amenable to study, of
which we must do more.

Summary
•

Health impact assessment model provides a means for decision makers
to evaluate the costs and benefits of energy efficiency programmes

•

The UK, which is dominated by heating needs, health impacts of energy
efficiency may still largely be indoor air quality related

•

Exposure to indoor or outdoor pollution is a key concern when changing
the building fabric and its air-tightness

•

For hot and humid countries, focus on heat exposure indoors and
modifying effect of buildings and cooling technologies likely most
important

•

The balance of outdoor to indoor air pollutant exposure is a key driver for
choosing appropriate ventilation strategies for health

Using HIA for Policy & Guidance

Using the model for Policy

https://www.nice.org.uk/guidance/ng6

Using the model for Policy: NICE EWD Review
• The aim of the project was to model the cost-effectiveness of
interventions to reduce the health risks associated with cold
homes.
• The specific objectives were:

– To develop a model of cold-related health impacts based primarily on
life table methods.
– To develop a model of the cost-effectiveness of home energy
efficiency interventions and fuel subsidies, concentrating on the
effects of low temperature but including adverse effects on indoor air
quality.

– To assess costs and health and non-health benefits relevant to the
interventions.
Economic Modelling: https://www.nice.org.uk/guidance/ng6/history

Using the model for Policy: NICE EWD Review
• Evaluate the impact of different retrofit or fuel subsidies on health
and healthcare costs for reducing Excess Winter Death

Using the model for Policy: NICE EWD Review
• Costs experienced under different perspectives for home energy
efficiency intervention

Using the model for Policy: NICE EWD Review

Using the model for Policy: NICE EWD Review

Using the model for Policy: NICE EWD Review
Combined (Government + householder) perspective
A willingness to pay of £15,000 offers a 50% probability of being cost-effective,
with a tight range of +/ - £15,000 within 5% and 95% probability of being costeffective.
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