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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. 
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below the typical total energy consumption of a person 
living in Bangladesh. The health sector itself therefore 
has an important role in leading eff orts to fi nd and deal 
with energy issues.

Urban structure 
Urban design and infrastructure has bearing on various 
aspects of energy use and health eff ects. First, it is an 
important determinant of energy use in buildings and of 
choices in transport (as described in the third article of 
this Series). Compact urban areas that avoid large 
distances between buildings and with few physical 
barriers are among the most important factors that could 
make the urban environment more conducive to physical 
activity, including walking and cycling.10–12 Conversely, 
low-density urban areas tend to lead to poor access to 
public transport; high car use; and large heating, cooling, 
and lighting loads per individual. Lower urban density 
largely accounts for the much greater energy use per 
head in US cities than in European cities, for example. 
Separate but related debates have been made about the 
extent to which factors (such as socioeconomic mix) are 
important for social wellbeing. Thus, urban design and 
land-use choices are, in theory, determinants of energy 
demand, but even more important is that local 
environments could also aff ect health. As shown in 
article three of this Series, the main health connections 
are self-evident, and relate to eff ects on physical activity 
and weight management13 (with their many physical and 
psychosocial benefi ts), as well as eff ects on injury risks, 
air pollution, and social cohesion, as seen in article three 
of this Series. However, specifi c epidemiological evidence 
about environmental interventions is comparatively 
limited, and is an area of much needed further 
research.14–16 

High urban density also makes possible effi  ciency 
options of transferring by-product heat between power 
plants and buildings, and of having district heating 
systems. Such solutions could substantially improve the 
effi  ciency with which the energy from fuel is captured for 
useful work and heat. However, many local combined 
heat and power sources, particularly in areas of high 
population density, could have unwelcome eff ects on air 
quality compared with centralised generation and 
distribution of electricity, for example. The potential 
eff ects on health of such choices in energy delivery 
remain largely unquantifi ed and are the focus of current 
research.

Urban density also aff ects two important human 
exposures that are under increasing attention in view of 
climate change and our apparently unbreakable 
dependence on motor vehicles—namely exposure to heat 
and outdoor air pollution. Outdoor temperatures within 
cities often exceed those of the surrounding countryside 
by several ºC—a phenomenon referred to as the urban 
heat island eff ect.17 The reasons relate to the high heat 
capacity of various elements of the urban environment, 
the reduced thermal radiation with sheltering by tall 
buildings, and lack of evapotranspiration because of the 
small number of trees and other plants;17 heat generated 
by buildings, transportation, and other aspects of human 
activity can also add to ambient temperature warming. 
The magnitude of the temperature excess is variable, and 
depends on such factors as meteorological conditions 
and time of day. Its potential importance lies in the fact 
that, under climate change, the frequency, intensity, and 
duration of heat waves is expected to increase 
substantially,18 with potentially important adverse eff ect 
on health,19,20 as was shown, for example, by the heatwaves 
in Paris, France, in 200321 and Chicago, USA, in 1995.22,23 
Current urban environments could compound the risks 
because of the heat island eff ect, and also because of the 
way some buildings capture heat. 

The available evidence does not yet allow precise 
quantifi cation of the eff ect of the heat island eff ect on 
mortality during heatwaves. However, there is evidence 
that air conditioning protects against the risk of heat 
death,22–26 and in consequence increased attention has 
been given to improved access to air-conditioned rooms 
as a health protection measure for heatwaves. 
Unfortunately, the energy demands of air conditioning 
are typically high, so its widespread use only adds to the 
problem of climate change. The alternative is to adapt 
urban spaces and buildings to use simpler, passive means 
of temperature control. Such options include: measures 
to increase shading from the sun (for example by planting 
trees);27 provision for controllable ventilation during the 
day and high levels of ventilation at night; use of 
heavier-weight building materials; and improvement of 
insulation.28 

The evidence for adverse eff ects of urban air pollution 
clearly shows that particle pollution in particular is 
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Figure 3: Seasonal average variation in mortality in relation to energy effi  ciency of English homes
Figure adapted from reference 37. Energy-ineffi  cient homes are in the lowest quartile of standardised heating costs 
and energy-effi  cient homes are in the highest quartile. 

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

Seasonal average variation in mortality in relation to energy efficiency of English 
home.  Energy-inefficient homes are in the lowest quartile of standardised
heating costs and energy-efficient homes are in the highest quartile. 

Figure adapted from Wilkinson et 2001. 

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

Buildings as a modifier of health
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increasingly expensive for national budgets. This situation 
adds to the attraction of deployment of advanced biomass 
stoves that provide high performance, use local renewable 
resources, and relieve the government of the cost of fuel 
subsidies. Climate change is a major threat and household 
fuel combustion is an important contributor, especially to 
black carbon, with high greenhouse eff ects per unit 
energy delivered compared with many other human uses 
of energy, depending on the relative weighting of the 
climate-active pollutants emitted (webappendix p 10). 

In view of the combined goals of energy security, 
health protection, and minimisation of changes in 
climate, the best approach is to move toward advanced 
combustion devices with high combustion effi  ciency 
and low emissions, such as so-called gasifi er stoves. 
Even well operated chimney stoves do not provide these 
benefi ts. To achieve reliable high performance, stoves 
should use either ceramics or customised metal alloys, 
neither of which can be eff ectively manufactured at 
village level, but have to be made in central 
manufacturing facilities with good quality control and 
other modern mass-production techniques. Truly 
improved stoves tend to have a narrow tolerance to fuel 
size and moisture and thus generally need increased 
fuel processing in households or, for high performance, 
preprocessing as pellets or briquettes. Hybrid gasifi er 
stoves (with small electric blowers), however, eff ectively 
maintain good performance for a wide range of fuel 
characteristics. Microchip and personal computer 
developments off er cost-eff ective ways to monitor and 
assess programmes covering millions of households.

Close to two-thirds of rural Indian households now have 
access to electricity for at least part of the day—which is a 
substantial change since the 1980s. This development 
makes use of advanced blower stoves that are feasible in 
much of the country. The Rajiv Gandhi Scheme15 to 
electrify all households should bring this benefi t to an 
even greater proportion in coming years. Widespread 

access to radio, television, and cell phones and growing 
access to the internet provide new ways to market, monitor, 
and otherwise facilitate stove sales and dissemination. 
Improvements in health infrastructure in rural India 
could be used for dissemination of stoves, including the 
growth of the Anganwadi Centres Programme,16 a network 
of prenatal care clinics, which by the middle of the decade 
was already helping to provide 77% of all pregnant women 
with check-ups, education, and drugs.17

Advanced biomass stoves sold in India today achieve 
some 15 times fewer particle emissions per meal than do 
traditional stoves,18 thereby promising substantial 
reductions in air pollution exposure and health-related 
burdens. Prices are $20–50, and more than half a million 
have been sold so far. Although no major studies have 
been done directly investigating the eff ect of such stoves 
on health, since they produce little smoke they arguably 
achieve better exposure reduction than do chimney stoves 
that merely divert the smoke a short distance, and could 
rival benefi ts seen with clean fuels.19,20

Combustion products
(including particles, 
carbon monoxide, 
nitrogen oxides)

Indoor air quality

Outdoor air 
(including particles)

Indoor temperature Humidity and mould growth

Psychosocial wellbeing Thermal comfort
(winter/summer)

Cardiorespiratory
mortality/morbidity

Cancer risk

Radon VOCs Tobacco smokeIndoor environment

Use of space; social interaction;
sense of control

Figure 2: Connections between the built indoor environment and health
VOCs=volatile organic compounds.

Panel 2: Core assumptions of UK model

Baseline
• 2010, with population and health status based on WHO 

projections (Comparative Risk Assessment exercise); 
building stock, external air pollution, and weather 
conditions as they are at present.

Mitigation scenarios*
• No projection: instantaneous implementation assumed, 

as though present conditions are fully replaced with 2010 
scenario conditions.

• Based on existing technology (no assumption of new or 
improved technology).

Health estimates
• Derived from attributable burdens calculated with 

adaptation of Comparative Risk Assessment method—
assumes changes in health for each scenario are 
represented by the diff erence in modelled exposures 
compared with baseline, from which attributable burdens 
are computed with relevant relative risks and 2010 
mortality and disease rates. Changes in burdens of chronic 
disease and lung cancer are counted, irrespective of 
probable time lags.

• Years of life lost computed as diff erence between age at 
death and the theoretical optimum life expectancy at that 
age, which, to be normative across populations, is always 
calculated with reference to life tables representing the 
best in the world.45 

• No time discounting or age-weighting applied in disease 
burdens.

• No inclusion of indirect health eff ects (eg, those operating 
through economic pathways) or of those arising from 
success in restricting climate change.

*Panel 1 shows descriptions of specifi c scenarios.

Connections between building quality, energy and health

Building quality and health

Source: Wilkinson, Lancet, 2009
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The English housing stock
• 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

Detached archetype

Terrace (end and mid)

Highrise, lowrise and converted flats

Bungalow



Energy Efficiency Retrofits include…

‘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) 

Insulation of walls, loft and floor Double glazing

Draught proofing Boiler upgrade Trickle vents and extract fans



Uptake from Homes Energy Efficiency Database 2000 to 2007

Energy Efficiency in England
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*Heat system includes: Condensing and standard boiler, and hot water cylinder replacement and solar hot water



Energy Efficiency in England

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

Fabric efficiency measures uptake rate* (Mean)

0.0 - 0.6 0.6 - 0.8 0.8 - 0.9
0.9 - 1.0 1.0 - 1.1 1.1 - 1.8

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.

https://doi.org/10.1080/09613218.2014.867643

https://doi.org/10.1080/09613218.2014.867643


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. 



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

Health Impact Assessment modelling



Model development timeline

Method

HiDEEM v1

• Two dwelling 
archetypes

• Limited exposures

• Population level 
lifetables

HiDEEM v2

• Housing Survey 
base (dwellings + 
people)

• Extended 
exposures with 
interactions

• People specific 
lifetables

NHM Health

(HiDEEM v3)

• Micro-simulation 
model

• Language based 
scenarios

• Probabilistic 
projections

• Healthcare costs



Method: National Housing Model – Health Module



Exposure Modelling 
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Estimates of fabric heat loss, heating system, ventilation heat loss and overall energy 
performance are made using a SAP like model.  

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: Building efficiency modelling



• 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)

yi = b0 + b1xi + b2xi
2 + b3xi

3 + b4xi
4

ET
S 

(μ
g/

m
3 )

Method: Pollutant modelling (in CONTAM)



Energy performance

Environmental exposures

Modelled Warm Front Study National
Building Performance Mean Mean Source Mean Source
Fabric heat loss (W/K) 274 224 Oreszczyn et al, 2006 203.8 DECC, 2012
Heat system efficiency (%) 76% 67% Hong et al, 2009 74% DECC, 2008
Permeability (m3/m2/hr) 13.8 17.2 Hong et al, 2006 13.9 Stephen, 1998

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.

Building performance and exposure model outputs are validated against national 
measurements and monitoring (where available).

Method: Building performance and exposure model validation



Method: Health impacts data



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

Exposure-response 
relationship

x Time-lagged relative 
risk

Method: Health modelling 

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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Results: Health costs over 42 years after full energy efficiency  intervention
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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.

Implications



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

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

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 cost-
effective. 
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