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Executive summary

Aim s and objectives

The aim of theprojectwas b model the coseffectiveness of interventions to reduce the health risks
associated with cold homes. Thpecific objectives were:

1 To develop a model of coldelated health impacts based primarily on life table methods.

1 To develop a model of the cosffectiveness of home energy efficiency interventions and fuel
subsidies, concentrating on the effects of loemperature but including adverse effects on
indoor air quality.

1 To assess costs and health and shealth benefits relevant to the interventions.

Methods

A building physics model was developed to quantify changes in indoor environmental conditions
(winter indoor temperature, mould and air quality) associated with energy efficiency interventions
(improvements to the building fabric and/ or altered ventilation control) and to explore the potential
impact of additional home heating consequent to fuel subdithalth impacts associated with the
estimated changes in exposure to occupants were characterised by use of-sheeielife table
methods in combination with direct estimates of change in disease prevalence. Costs were assessed in
terms of capital inestment (largely based on soon to be publisideda from DECC), changes in

energy demand, and costs associated with modelled changes in contacts with the NHS. Incremental
costeffectiveness ratios (ICERs) were computed using a range of input costs anfitsbeneeflect
different accounting perspectives.

Key assumptions

There are multiple assumptions in the economic model. Key assumptions include:

1 Changes in indoor temperature are predictable from an empirical relationship between
standardizedinternal temperature (SIT) and the energy efficiency characteristics of the
dwelling as reflected by the modelled whole dwelling&ue (W/ K).

1 For the main intervention scenarios, energy efficiency measures have no impact on ventilation
characteristics of the dwellin

1 Health impacts are represented by changes in life expectancy and disease prevalence of a self
replenishing population assumed to experience underlying rates of morbidity and mortality
constant at 2010 levels over the 42 years of follow up.

1 The targetegopulations do not move home at any point following intervention.

i Target groups in relation to dwelling characteristics are adequately represented by sub
samples of the English Housing Survey (EHS) identified from-isgdiorted symptoms, scaled
to match rational disease prevalence.

1 The health effects of changes in indoor temperature can be adequately quantified using a
synthesis of evidence from a sparse number of intervention and/ or observational studies, and



the impacts of changes in indoor air qualityprh published epidemiological evidence of
varying robustness.

Population

All analyses were based on sshmples of the population of England identified on the basis of the
following characteristics:

1 Households containing at least one adult member witloricrobstructive pulmonary disease
(COPD)

1 Households containing at least one adult member with heart disease
1 Households containing at least one adult member with common mental disorder
1 Households containing at least one adult member age 65 years or more

I Households in the bottom quintile of income distribution

Interventions

(1) All energy efficiency interventions (including loft insulation, double glazing, solid and cavity
wall insulation, boiler replacement, and installation of gas central heating) where such
measures were absent or soptimal

(2) Fuel subsidy at an initial value of £200 per household pearyindexlinked to fuel price

projections)

Comparators

The comparator for the economic modelliagsumed thato interventons occur within the dwellings
and,thereforethe underlying environmental conditions and exposwengerienced by the household
membergemain unchanged.

Outcomes

1 For cold diseasespecific mortality and morbidity for cardiovascular disease (including stroke
and myocardial infarction), ah morbidity for common mental disorder, COPD and
childhood asthma;

1 For ventilation changess for cold with the following additions: cardiopulmonary and lung
cancer impact related to changes in exposure to fine particulate matter) (@f\Wboth indoor
and outdoor origin, stroke and myocardial infarction related to changes in sdtamd
tobacco smoke, and radeelated lung cancer;

1 NHS contacts and associated costs;
1 Household energy use and costs;

1 Incremental coseffectiveness ratiodCER).

Uncertaintie s and sensitivity analysis

There are uncertainties associated with the multiple assumptions underpinning the economic model



which have been addressed through the following methods:

1 Monte Carlo simulation (for parameter uncertainties for home energy effigimterventions
only) using assumed distributions for: thermal loss improvements associated with the
interventions, exposureesponse functions for all exposuoetcome combinations, utility
weights for each health outcome, and all associated costs;

1 Spedfying structural changes to the model to quantify uncertainties relating to: inclusion of
ventilationrelated health effects for energy efficiency intervention, the duratioconfmon
mental disorder@MD) impacts, and the loss of life expectancy for coddated deaths;

1 Using alternative specifications for: including solid wall insulation, targeting interventions at
dwellings with low energy efficiency, the level of fuel subsidy, and discount rate.

Results

The effect ofhome energy efficiencynvestmentss fairly modest in terms of temperature increases
Those relating to fuel subsidy at an initial value of £200 per household per year are on average smaller
still.

Most home energy efficiency interventionsave ICERs exceeding £100k/ QALY if the benefits ar
counted in health terms alone. The one exception is the targeting of home energy efficiency containing
one or more members with COPD, wdeuncertain results suggestuch smallediCERs. However,

home energy efficiency interventions agrergysavingandthe associated energy cost savings in part
offset the capital investmentn calculations that include energy as well as intervention costs, the
overall cost per QALY appears relatively favourable for interventions aimed at households containing
someone wh COPD, heart disease or age 65 years or more. The ratios do not appear to be as
beneficial for households targeted on the basis of common mental disorder or low income alone.

Fuelsubsidy is lessosteffective than home energy efficiendyut maybea more suitable optiorover
shorter time frame to avoid the largeapital investment costlor individuals with comparatively
short life expectancy or if they expect to move home in a comparatively short period.

Costeffectiveness ratios areightly more favourable over a 5 year than aykar time horizon where
people with specific diseases are targeted, probably in part because the number ofgfisedre

beneficiaries declines over time through death or recovBatios are also improved by targeting
homes in the existing stock with low energy efficiency

Caution is required not to adversedffect indoor air quality by reducing ventilation rates during
energy efficiency upgrades. However, the overall balance between positive and negative health
impacs depends on the specific circumstances (e.g. local outdoor air quality, smoking vs. non
smoking household$igh vs. low radon areas

Limitations

The quantification of risks and benefits associated with home energy efficiency and fuel subsidy
interventians is based on a model that entails a complex chain of assumed causal linkages. For some
of those links the evidence base is limited and estimates of outcomes correspondingly uncertain. The
results should therefore be interpreted as indicative only, byteap to be sufficient to allow
judgement about the relative merits of broad intervention strategies.



Implications and interpretation of results

Home energy efficiency interventions appear broadly net beneficial for health if steps are taken to
guard against potential adverse consequences of reduced ventilation. However, with few exceptions,
such interventions cannot clearly be justified by hedi#gnefits alone, but such benefits add an
additional rationale for home energy efficiency interventions which may already be justified by their
energy and consequertarbon dioxide €O,) savings. Expected health benefits could therefore be
used as a basi®ff targeting investments at vulnerable populations as a refinement to broader policy
measures aimed at improving the energy efficiency of the housing stogkneral.Fuel subsidies
appear less desirable than energfjcefncy interventions, though theyay be an appropriate option

over shorter time franseto avoid the largeapital investment costand disruption for individuals

with comparatively short life expectand@iventhelikely health benefits,ite modellingsuggestshat

some contribution to theotal cost of improving the energy efficiency of the housing stock by the
health sector/ societyjmay be justified
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1 Introduction

This is the final part of the 2013/ Béries ofreviews and reportfor NICE on excess winter death and
morbidity. It is the fifth document in a series of reports and folldmsoduction to the topicFactors
determining vulnerability to winterand coldrelated mortality/morbidity (review 1), Interventions and
economicstudies(review 2) andDelivery and implementation of approaches for the prevention of excess winter
deaths and morbidity(review 3). It describesmodelling work undertaken taexaminethe cost
effectiveness of interventions to reduce co#dated mortalityand morbidity. These interventions
have been determined following the advice of Exeess Winter Death (EWHublic Health Advisory
Committee (PHAC).

The costeffectiveness of two contrasting interventions has bewdelled (i) the effect of energy
efficiency (infrastructure) investment in the English housing stock &ndhe effect of a fuel subsidy.

In each case, the intervention has been targeted at population subgroups identified as being
particularly vulnerable to the effects of cold.

1.1 Aims and o bjectives

The aim of the project wa®tmodelthe costeffectiveness of interventions and approaches to prevent
excess winter deathsnorbidity, and the health risks associated with cold weather and cold homes
(including unintentional adverse consequenaesl outcomes)The specific interventions chosen for
modelling were home energy efficiency upgrades and fuel subsidy.

The specific objectives were:
1 Todevelop a model of coldelated health impacts based primarily on life table methods.

I Todevelop a modealf the costeffectiveness of home energy efficiency interventions and fuel
subsidies, including adverse effects on indoor air quality.

 To assess costs and health and +health benefits relevant theinterventions

1.2 Research question

The specific research questionsating to the review of interventions (review 2) and development of
the economic model (this reposjere as follows

1 How effective are interventions and approaches to reduce excess winter dedthsrbidity
and the negtive health consequenceéanld weather and cold homes?

1 Whatis the comparative effectiveness of these interventions?

1 How does effectiveness vary with so@oconomic, demographic, health, geographic and
housing characteristics?

1 What are the impacts ofiese interventions on health inequalities?
1 Whatimpact do these interventions have on the wider determinants of health?

1 What adverse effects are associated with changes to energy efficiency or costs of heating (for



example, reduced ventilation associatedth increased levels of radon, overheating of
homes)?

1.3 Model purpose

The third report in this series on excess winter death and morbiditn{entions and economic studies
reviewed the literature othe effectiveness and cesffectiveness of intervendins to prevent cold
related mortality andmorbidity. The review found that although home energy efficiency
interventions form a substantial proportion of this eviderkere isnevertheless relatively limited

body of evidenceon the effectiveness of sth interventions. However, the evidenseiggests that
energy efficiency interventionmay improve the health of some population groups, notably those
with respiratory (asthmagchronic obstructive pulmonary diseasand other chronic diseases,
especially inthe elderly and young children. Positive effects on health may include improvements in
respiratory symptoms and the symptoms of other chronic illnesses, improved mentakmelland
reduced contacts with the health serviggidence on the costffectiveness of interventions to reduce
winter-and coldrelated mortalityand morbidity is comparatively small and very heterogeneous. It is
difficult therefore to draw general conclusions about the balance of costs and benefits which are likely
to depend on tayet groups, local contextnd the form of interventionThe available studies support

the view that there are health benefits to be obtained from improvements in household energy
efficiency, but if viewed solely as means of improving healtlthese investments wddi (usually) not

be justified.Once a wider range of benefits are included they appear to be worthwhile investments.

Given the lack of existing evidence on the eeffectiveness of interventions to reduce excess winter
ill-health, adlitional modelling work was considered to be necessary. The model which has been
developed, usedata from the 2010 English Housing Survey (EH&)identify households which
contain specific types dhdividuals based on their health status, age and leivgicome, andargets
interventions atthosehouseholds. In the case of energy efficiency measubes,model estimates
changes to the fabric and ventilation characteristics of dwellings in receipt of interventions (including
loft and wall insulation, glaing replacement, and heating system improvements) and associated
changes in energy demand and related environmental exposures, primarily to cold and mould. For
fuel subsidieswe are aware of no previous work which has attempted to quantify the predicted
health benefits. Our novahodel estimates the proportion of the subsidy that could be used to
increase internal temperatures and the corresponding change in tempefairesulting changes in
mortality risk are used to estimate the health impacts @ssacwith the environmental changes. The
model then estimates the costs associated with (a) the intervention, (b) changes in energy demand
resulting from the intervention, and (c) changes in NHS health care contacts expected from the
modelled health impas.

The fourth report in this serieDélivery and implementation of approaches for the prevention of excess
winter deaths and morbidijyhighlighted a very limited body of evidence on methods to increase the
uptake of interventions to prevent excess wimnmteortality and morbidity. As such, the model does not
include the effects of local or national policies thve uptake o€ither intervention

The modelling haslsonot addressegotentialcarbon dioxide equivalentCO,e) emission savings
resulting from he modelled changes in energy demawhile a reasonalel effort has been made to
estimate energy savings,ig very unclear what th€0,e emission factors of the supplied energy will
bein the future Approximately80% ofresidential spacleating energys derived from the nainal
gas grid, with a further % from oil, 5% electricity and the remainder a mixture of solid fuels and



liguid gasesAlthough the UK Government has set out several possible investment scenarios for a
future energy grid, these astill very uncertain and it is unclear the degree that overall grid emission
factors will changeTherefore, in the modellingio longterm CQ, savings estimates are made
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2 Methods

This analysis follows guidance set out by NICE for evaluating public heaklerventions(NICE,
2013a,2012a)

2.1 Analytical p erspective s

Modelling the coseffectiveness of interventions to reduce codated mortality and morbidity is
complex and dependent on the chosen analytical perspettieee are a number of different ways in
which the interventins considered here might conceivably fa@ded, including partial funding by
various bodieslt is also possible that benefits could be experienced in different wiaalde 1 and
Table 2 provide overviews for each intervention of how the costs are experienced under different
perspectivesThe shaded rows represent costs modelled in this report.

Table 1 - Costs experienced under different perspectives forhome energy efficiency intervention

Home energy efficiency Perspective
NHS Local Government | Householder Combined
authority (including (Govemment
NHS and +
LA) householder)
Taxation (forintervention) “) -
Taxation (for ) _
transfer/administration)
Government expenditure
(transfer) ) * *
Government
expenditure (+) 4
(intervention) +
Household expenditure (+)
(intervention)
Health care costs - - -
Social carecosts -/+ -/+ -[+ -[+
Carer costs - -
W ork absence costs - -
School absence costs ) -
Household expenditure ) )
(fuel)
CO, equivalent cost ) -
Legend: + cosincurred - cost saving-/ + potential forcost incurred or cost saving,pssiblecost

Table 2 - Costs experienced under different perspectives for fuel subsidy intervention

Fuel subsidy

Perspective

NHS Local Govemment | Householder Combined
authority (including (Government
NHS and +
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LA) householder)

Taxation (for intervention) @) -

Taxation (for )
transfer/administration)

Government expenditure
(transfer)

Government expenditure
(intervention)

Household expenditure
(intervention)

Health care costs - - ,

Social care costs -[+ -[+ -[+ -[+

Carer costs - -

W ork absence costs - -

School absence costs ) -

Household expenditure
(fuel)

CO, equivalent cost @) -

Legend: + cost incurred cost saving;/ + potential forcost incurred or cost saving,f{pssiblecost

In general, the distributios) of costsfor the two interventionsare s$milar. However,there are
important differencesrelating to the cost ofunding the interventions. Home energy efficiency
measures may be funded (or at least garntded) from a number of sources, includi@gvernment,

local authorities, individual householders, and energy suppliers. Fuel subsidies, on the other hand,
would be likely to be funded througBovernment alone. Herdor consistency, we have modelling
Governmentfunded interventions in both cases, but assuming that this caistinclude funding

from local authoritieslt should be noted that, unlike home energy efficiency, fuel subsidies simply
represent financidbssego the intervention fundr and gains to the householder (thougbre would

be some resources usedniraking such a transfer

Where costs have not been modelled here, the primary reason has been a lack of direct evidrence
effectdue tochangesn indoor winter temperatures. This is true for social care and carer (@olsish
may beshared by the NHSpcal authoritiesand householdeysand costs related to absence from
work or school.Our estimates of changes to health seevcosts do not account faffectsdue to
increases in life expectancy (see section 2.7.3). It is unclear exactlthmimterventionsvould impact

on social care costs, though there is potential for increased costs if ploplenger following the
interventions.

CO, emissions have not beenodelledbecause they are not currently regulated for households. The
U K 6GRC Energy Efficiency SchemeCRC, formerly the Carbon Reduction Commitmeap)plies to
large public and private orgarsations and their emgy use.Whilst there may be wider societal cost
benefits of CQemission reductions for households, these are presently only capthumeughEnergy
Supplier Obligations (ESO) which are not included in our perspectives. Further, there is still
uncertainy over theexactprice of carbonto be set under future schemes aoder the rules for
capturing third party emission reductions.

A comprehensivanalysis, including all relevant costs and benddits societal levewould require

12



macroeconomic modkhg which is outside the scope of this woflollowing advice from NICE and

the PHAC,we havemodelled costeffectiveness undefour perspectives(1) NHS, (2) Government
(including NHS and local authorities), (3) Householder, and (4) Combined (Government +
householder) Though not included here, there would also be potential costs experienced by the
private sector, in particular to energy supply comijganThe private sector may also benefit from
reductions in work and school absenEarther, we have only modelled direct health impacts relating

to changes in environmental exposures for individuals in households which receive the interventions.
Additional potential health impacts, such as reduced qu-alitjfe experienced by carers, have not
been included. As such, the estimated change in QALYs is the same for each perspective.

The four modelled perspectives are as follows:

2.1.1 NHS perspective
The NHS fung no part of the interventions and does not benefit from any resulting energy cost
savings. It does, however, benefit fraafi costs associated with reducade of healtlcare services

2.1.2 Government (including NHS and local authorities ) perspective

Here,Government isassumed to pay for the interventions but not to berfedin any energy cost
savings.Including local authoritiesn this perspectiveenables the possibility of funding (or at least
partial funding) from local government&gain, the NHS benefitfrom reduced healtbare use.

2.1.3 Householder perspective

The focus of this report is nobn whether the interventions are cesffective for individual
householdersHowever, we have included a householder perspective to demonstrate the large
potential benfts that can accrueéo householders due to energy cost savingsthis perspective,
householders receive the interventions (assumed to be prowgezlg. Government) and benefit
from all therelated energy cost savings.

2.1.4 Combined (government + householde r) perspective

Underthis perspectiveall interventioncosts andenergyand NHS cost savingare included in the
analysis.The rationale for considerinGovernment and householders together is that they may both
(potentially) fund interventions and botlexperience direct costs and benefds a result This
perspective acts as an approximation to a societal perspective.

2.2 Conceptual modelling framework

Over thecomingyears, the English housing stock is expected to undergo a transformation in terms of
energy efficiency, initiated by programmaeasich as Warm Home Discount, Green Deal and ECO,
Energy Performance Certificates (EPE3he mix of impacts on both costs tox@nment and benefits

to human health need to be reflected in ongoing impact and sustainability assessments.

The economic modelling approach combines a series of coupled and linked models, defiredaund
number of themed moduleshe overall model uses@mplex combination of procedures to estimate

*Warm Home Discountttps:/ / www.gov.uk/ thevarm-homediscountscheme/ overview
Green Deal and ECOnttps:/ / www.gov.uk/ greerdeatenergysavingmeasures
Energy Performance Certificatdsttps:/ / www.gov.uk/ buysellyour-home/ energyperformancecertificates
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the health impact through exposure changes related to the introduction of energy efficiency measures
and a fuel subsidyMany of the interventions are aimed at reducing heat loss and air leakage through
the dwdling fabric and alsoimproving the heating systenfabric heat loss and heating system
performance are both determinants of the exposure to (@leszczyn et al., 2006ayvhile air
tightness will have an effect on ventilation heat loasd theadditional exposure to indoor and
outdoor air pollutant¢éBone et al., 2010)

Over the past 25 years, over 16 millionusgholds have received an energy efficiency intervention

that aimed to reduce energy demand through on going government prografdaraedton et al.,

2014, 2013) Over a similar period (since winter 1997/ 98) Winter Fuel Payments (WFP) have been
made to all households where one member is olthan the female state pension agEhe Cold
Weather Payments (CWP) has been made since 1988 to households on certain benefits to help alleviate
demand for more energy during cold peridds

The research used to derive these procedures is based on recent and ongoing work and is evolving as
methods become more sophisticated and refinedhore data becomes availablEherefore, whilst

every effort has been made to ensure the model inputs asudrgetions are robusthe results of the
modelshould benterpreted with a degree of cauti¢gsee3.6 Limitations)

2.3 Population

The analyseshave been performefbr differenthousehold type# England Thesehouseholdhave

been selected based on theath statusof their occupantgi.e. COPD, mental health, and heart
disease) and household charactecsst{i.e. income level and agelhe selection method uses the
English Housing Survey as its base population and variables associated wiEH®bousehad
interview. The EHS Household Dataset comprises the full interview data (plus associated derived
variables) for all cases where an interview has been completéd,300 households per annum
(approximately 17,000 per anm before the EHS cost reviewHoushold interviewsvere conducted
using faceto-face computer assisted survey techniquéke interviewsused computerassisted
personal interviewing (CAPI), which provides automatic routing and range checks. For more details
see the OEnNgl i sTachnital AdvicenNgte: Survey @verview and Methodology 2021
Upddt eb

Since the EHS is unlikely to represent accurately alctualprevalence of COPD, common mental
disorders (CMD, or heart disease in the English population, all output resudt® scded to increase

or decrease the prevalence implied by the EHS to match published estimates. These adjustments were
as follows:

1 COPD
Individuals in the EHS were assumed to have COPD if they had adtengding history of
breathing problems and were agedotSover (since COPD is much less prevalent at younger
ages). This gave an estimated prevalence of 6.85%e model results weradjusted
downwards to match the published estimate of 5.90% for those aged 45 or above in England
(APHO, 2011)

2Weather Fuel Paymentttps:/ / www.gov.uk/ winteifuel-payment/ overview

®Cold Weather Paymeniittps:/ / www.gov.uk/ coldweatherpayment/ overview

4 https:/ / www.gov.uk/ government/ uploads/ system/ uploads/ attachment_data/ file/ 211301/ Survey_Overview_and
_Methodology.pdf.
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1T CMD
For CMD, individuals were identified through
giving a prevalence of 2.20% in adults. In the health impact model (see section thésjal
health problems are represented by a score of 4 or above of2iibem General Health
Questionnaie (GHQ12). According to the2012Health Survey for Englan@HSCIC, 2013}his
represents approximately 15% of the population. However, we reduced this prevalence
25% (i.e. to 11.25%) to account for false positives in GH The results were thek scaled
upwards scaled accordingly.

1 Heart disease
Individuals were assumed to have heart diseageeif had longstanding heart disease in the
EHS data and were aged 45 or above. This gave an implied prevalence of 8.41%. Results were
adjusted upwardotmatch theublished estimate of 10.96(APHO, 2013)

Since the model is based on a representative saofE®aglish householdst automatically include
overlap between the target groups and stisuldrepresent the actudlegree of overlapn England.

For example, it is likely that the age 65+ target group will also contain a high proportion of people
with COPD and heart disease since these conditions are more prevalent in older age Gablgss.
shows the modelled target gropppulatiors and the overlap between these.

Table 3- Overlap between target populations

Target group Composition of target group

COPD Heart disease CMD Age 65 orabove Low income
COPD 895,280 404,765 203,062 634,040 243,106
Heart disease 301,603 1,699,129 136,089 912,681 262,102
CMD 76,931 58,412 2,965,131 151,274 170,015
Age 65 or above 803,995 1,539,344 600,850 6,099,082 1,370,010
Low income 434,813 555,983 1,052,403 1,651,199 4,545,404

Since thehealth impact calculationareperformedonly for individuals in the EHS datasfdee section
2.6.3) we have added future births into the population to allow ddditional benefits in future
generations born after the intervention

The model assumes that people do not move home during the follow up period. Therefore the
populations receiving interventions in each target group do not change over time, except due to
deaths. In reality, for the home energy efficiency intervention, there would be some dilution of the
health impact as targeted individuals move to other (untreated) homes and other people (from the
general population) move in to the improved dwellingsisTdiilution would not occur for the fuel
subsidy since the payment is made to the individual rather than the dwelling. This issue is discussed
further in section &.3.

Further specific details of the targeting process can be found in the AppEedtion6.2.4)
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2.4 Interventions

Two types of household interventions were bBisad in the economic modellingnousehold energy
efficiency retrofits and fuel subsidieShese interventions were chosen following a review of available
literature (see section 1.3 abgvand discussions witithe PHAC. The interventions have also been
modelled in combination (i.e. home energy efficieraeyd fuel subsidy).

2.4.1 Household energy efficiency

Household energy efficienapnterventions focus on heating systems (i.e. boiler replacéraed new
gas central heating systems), fabric insulation (i.e. lofts, walls and glazing), fabric infiltration control
(i.e. draught stripping), and ventilation cont(oé. trickle vents and extract fans).

Heating system interventions focus on makingrehes to the heat delivery system and its efficiency.
Boilers in gas central heating systems make up 96% of all heat sy$bB@sC, 2012a)The estimated
meanefficiency of all UK residential boilers i82.826 (Palmer and Cooper, 2013)ith standard (i.e.
non-condensing) boilers operating at approximgtéb% efficiency comprising~57% of all boilers.

New condensing boilers may achieve around 90% efficiency, offerih@o in theoretical energy
savingscompared to the neoondensing boilersAs with all the retrofit measures examinedhet
increased efficiency of the replacement boiler has the potential to deliver the same heat demand using
less energy (i.e. energy savings) or to otherwisethe same energy and thpsovidemore heat and
higher temperature@.e. comfort taking) A new gas central heating system would generally include
installing a condensing gas boiler along with a heating sumystem (e.g. room radiatorsjhe
system has the potential to deliveedting throughout the dwellingThe impact could include
supplying heatto rooms that were previously unheated and to increase the efficiency of both the
boiler and delivery system by replacing individual room heaters.

Fabric insulation interventions focus on reducing the heat loss through the dwelling (iarioofs,
glazing, walls).The estimated average fabric heat loss of English dwellings is 234 {Wakner and
Cooper, 2013)which implies that 234 W of heating is required to maintain a 1 °C difference between
the indoor and outdoofhe addition of more insulation will reduce thate ofheat flow through the
fabric and also the air leakagBheinsulation interventions presented in the modelling here focus on
increasing the levels of insulation in the loft (where present), filling cavities (i.e. the air gap between
brick walls), adding external or internal insulation to solid walls, and instaliv-emissivity double
glazing. Replacing single glazing with lovemissivity double glazing has the combined effect of
reducingthe rate oheat loss through the glass itself and lemissivity coating and alseducingthe

air leakage of the surroundingasemat. Glazing has a further (though not modelled) benefit of
reducing the exposure to noise sources.

Draught stripping is the process of reducing air leakage around openings (i.e. doors, windows,
chimneysand vents, and loft hatchedpproximately 20%of the English housing stock heat is lost
through ventilation(Utley and Shorrock, 2010)The effect of draught stripping (alseferred to as
draught proofing) is to reduce ventilation heat losses, along with reducing the infiltration of air across
the fabric.Ventilation control is achieved by introducirtgckle vents (in the form of window vents)

and extract fans (located intkhens and bathrooms), which enable pollutants to be removed directly
at source and during use (e.g. cooking times, times of use of bathr®hen building work is
carried out on an existing buildingyith respect to ventilationthe work should comply wh the
applicable requirements of Schedule the Building Regulations, and the rest of the building should
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not be made less satisfactory in relation to the requirements than before the work was car¢i¢ll out
Government, 2010a)

The impact of these interventions on indoor conditions primarily relate to the thermabamant

and indoor air quatly. Oreszczyn et al. (2006) showed that in a sample of Warm Front homes the
impact of installing a gas central heating systemsvan increase in temperature (standardiro an
external temperature of 5 °C) by 1.6C (95% CI 103, 2.19) in the living roan and 254 °C (95% ClI

1.91, 316) in the bedroom, adjusting for region, month, deprivation and education, household size
and age of resident modifie(®reszczyn et al., 2006aResults also showed that insulatioreasurs

(loft and cavity wall insulation) increased adjusted temperatures 8/°Q.795% CI 0.5, 1.37) in the

living room and 1.2 °C (95% CI 0.68, 1.97)n the bedroomThough these suggest large changes in the
temperature of homes following a gas cetneating system, it is important to note that these are not
adjusted for the efficiency of the dwellin§urther work from the Warm Front studies also showed
that heating system installations had a corresponding drop in the relative humidity leveddiirirtg

room (1.22% 95% Cl1-3.22, -0.79) and bedroom-4.02% 95% CI1-6.43, -1.61) (Oreszczyn et al., 2006b)
again adjusting for region, month, deprivation, household size and dwelling efficiency modifiéss.
same work also showed a minimal reduction in the energy demand associated with these
interventionsg(Hong et al., 2006)along with a suggestion of improved thermal comfgtong et al.,

2009)

An effect of the insuldbn, glazing and ventilation control interventions isdlter air change rates
which in turn affect indoor air qality. In dwellings where no further ventilation controls are added,
then the potential impact is an increase in the buifdand exposure tmdoor generated pollutants
whilst at the same time reducing the ingress of outdoor pollutants.

2.4.2 Fuel subsidy

The two fuel subsidies currently in effect in England are the Winter Fuel Pay(wdiR)and the Cold
WeatherPayment(CWP). These fuel subsidynterventions seek to reduce heating fuel expenditure

and assist in maintaining or improving thermal comfort, particularly for elderly households and those

in receipt of benefitskuel payments are a costly and reoccurring expdiseexample, in 2010/ 1the

WFP (£2000rA300 for those over 80), which is directly de
estimated to be approximately £2.7 billiofFS, 2011) making it sgnificantly larger than the
subsequent supplier obligation schem@&e WFP is not means tested, thus it is provided to all
identified eligible householdsThe WFP has included ordf supplementary payments to address
increases in fuel price$he CWP iscurrently £25 for each consecutive 7 day period below 0 °C.

To date it is unclear what the impact of these housing efficiency and fuel payment interventions have
been on health. It is also unclear what the effactiveness or codienefit of these intwentions are

as they relate to health outcomeésirther, there is uncertainty around how much of the fuel payments
are spent of fuelAn IFS study suggested that the delivery mechanisms were instrumental to how the
payment was used by the househ@Bkatty et al., 2011)The IFS study showed that when the WFP
was label, but that uncertainty exists around how much of the dyhsduld be spent on fuel.

In the absence of strong direct evidence between fuel subsidy payments and changes in thermal
conditions we havelevelopedan indirect method based on empirical data of variations in heating
behaviour in relation to the energyfiefency characteristics of the homehe modelling is based on a
similar implementation of temperature takack asdescribe in Hamilton et al (20L1The given
payment is converted into potential energy savings with an associated temperaturk rike.
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modelling, the fuel price subsidy amount is indexed against projected fuel priceSésesection 2.6.2
for further details on the method.

2.5 Comparators

The comparator for the economic modelling is that no interventions occur within the dwellings. The
bags for this approach is that over past 25 years the majority of energy efficiency retrofits have been
driven by governmenbacked schemes or obligatiofdamilton et al., 2014; Mallaburn and Eyre,
2013; Rosenow, 2®). The focus of this modelling was not to model what government policy could or
might be, but rather to focus on tkests and health and ndrealth outcomes related to interventions
that are targeted at alleviatirexcess winter death

The healthimpacts are driven by exposure changes. The comparator of no change therefore implies
that the underlying environmental conditions and exposexperienced by the househotdembers

would beas is currently the casés a result, there are no changes te theterminants of exposure
change (i.e. changes to the building fabric and ventilation controls) and therefore no change in
underlying health status or risk of disease.

2.6 Model structure

2.6.1 Household energy efficiency model
We modelleda number of housing eneygefficiency retrofits that are designed to improve themry
performance of the hom&able4 lists the energy efficiency measures used in the modelling.

Table 47 Modelled energy efficiency measures

Component Measures
Fabric Lofts to 250mm
Solid Wall Insulation
Cavity Wall Filling
New Double Glazing
Install Condensing Boilers
Install Gas Central Heating
Ventilation DraughtStripping
Trickle Vents
Extract Fans
The modelling method combines a series of mod\desscribed in more detail in the Appendix?)
that describe various components of the house and houselopldlation Figureillustrates how the

modules interact.
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Temperature and pollutants module
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Figure 1- Components of the housing efficiency model

The following briefly describes the purposéthe input moduleand the pollutant and temperature
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module

Inputs

1

Building

f

Housing stock: The English Housing Survey (EHS) provides a baselinpupation that is
representative of the English housing stock and households that live within. The EHS uses an
un-clusteredstratified sample randomly drawn from a list of all addresses in Engéanrtdis
updated and made available approximately every twaryesince 2002 (quinquennially
before thenpeginning in 1967XCLG, 2013a) The survey interviews approximately 17,500
households on the detailof their home and household\ further physical survey of
approximately 8,000 of the ietviewed houses is undertakenmhe data includes
approximately 16,000 variants to describe English houses.

Household target group$iousehold target groups included those widtironic obstructive
pulmonary disease QOPD), heart diseasecommon mental disorders (CMD)elderly
households (65 and older) and households in the lowest income quintile.

Energy efficiency measuresA number of energy efficiency measures can be introduaxed
single or multiple measurésto the modelincluding: loft insulation, cavity wall filling, solid

wall insulation, replacement doubtgazing, new condensing boiler, draught proofimgw

gas central heating system, and ventilation systems (i.e. driokhts and extract fansjhe
numbers of dwelling not already having had such an intervention for these measures are
defined from EHSThe change in energy performance level following the measures are based
on Standard Assessment ProceduBAPR) estimates and other studies related &nglish
houses.

temperature angollutants module

Efficiency modelling: Characterises the ventilation and thermal performance of dwellings in
England It uses the DECC method of converting EHS data for use in emaagels (DECC et

al. 2012) and the SAP 2005 methodology for predicting the ventilation and fabric heat loss
(BRE and DECC 20009).

Pollutant modelling: Predicts theconcentrations ofa selection of indoor air pollutants,
including: environmental tobacco smoKETS), indoor and outdoor sources of particulate
matter <2.5um (PM,.), radon gasand mould growthlt uses combinations of 10 building
morphology archetypes (i.e. dwelling type and size) withr ventilation systems (i.e. no
trickle vents or extract fans, trickle vents only, extract fans oahd both trickle vents and
extract fans) an@ightpermeability bandsThe exposurepecific diseases focused on draw on
established epidemiological evidenc

o Other health outcomes that could be related to energy efficiency interventions but
were not considered here, include: caklated falls, changes in mental health impact
(aside from temperature), and some forms of indoor pollutants (e.g. volatile argani
compounds (VOCs) and carbon monoxide poisoning). However, such evidence can
be sparseA particular difficult issue with many studies looking at the health effect of
energy efficiency interventions is that the study designs and methods have not been
sufficiently robust in their design or controlling for bias as to draw strong conclusions
(Thomson et al., 2013)
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1 Exposure modelling: Models the change in exposure across the stock when applying energy
efficiency measuredA baseline condition is predicted and a modified condition is determined
through the application of the efficiency measurfBse measures alter the commpents of the
dwelling affected by the introduction of efficiency measurése outcomes are changes in
exposures.

2.6.2 Fuel subsidy model

We have developed a new method of fuel subsidies which is the first (to our knowledge) to attempt to
quantify their assoeited health impacts and to include health in the estimation of their cost
effectivenessCentral to our model of the effect of fuel subsidies is the methodufaterstanding

what fraction of any subsidy is used by the householder to improve winter in@ooperatures
(using more fuel for heating) agpposed to cost savin@he proposed method uses the empirical
relationship betweestandardsed indoortemperature (SIP)and whole dwelling Evalue derived by
Hamilton et al 2011 fFigure 2). The Evalue is the power (in watts) required to maintain a 1 Kelvin
temperature difference between the inside and outside environment for the dwelling as a whole, and
is a measure of energafficiency (and thuselative heating cos{Hamilton et al., 2011)

As Figure 2 shows, dwellings with high &alues (the least energy efficient homes) have the lowes
indoor temperatures, and temperatures increase approximately linearlyvalsids fall, i.e. with
improving energy efficiency. The SIT reaches a plateau of around 18.2°&/aluEs to the left of the
inflexion point at around 250N/ K, suggesting that ih is a temperature which the average
householder living in a reasonably energy efficient home considers sufficient for comfort.

We wuse this curve as an indirect indication of h o
suggests that householders would tend not to take any subsidy as increased temperature if they are
already at the energy efficient end of thev&due spectrumbelow around 250 W/ K). Furthermore, it

suggests that the degree to which householders heat their home depends evathe. BVhen the

home is relatively energy inefficient (and thus heating costs relatively high), householders maintain a

low average SITthe higher the B&alue, the lower the SIT. It is an assumption of this method that the

primary determinant for a lower temperature is householder choice (based on cost) rather than the
physical limitations of the heating system.

Ourlogic then proceeds dellows. There is a direct correspondence betweerakie and heating cost
assuming a fixed indoor temperature (SIT) and the same st/ af energy sourceslowever, for
households in homes with-Elues above 250 W/ K the SMsE-value curve (Figure 1l)uggests that
householders buy more heating to increase indoor temperaturesvakids and hege relative
heating costs fall.

*Thestandadisedindoortemperature (SIT) is a measure of indoor temperastaadardisedo common measurement
conditions. Specifically, it indicates the indoor temperature measured at-aftetnoon on a day when the daily
maximum temperature is 5 degrees Celsiasd is based on the average of the living room and main bedroom
temperaturelt should be interpreted as a measure of the relative effectiveness of the heating (as measured by indoor
temperature) in one dwelling compared with another.

21



20

SIT (deg Celsius)

15

0 500 1000 1500

Whaole house E-value (w.K-1)

E-E E

Figure 2 - Standardisedindoortemperature (SIT) against whole house &alue based on the empirical data
function described in Hamilton et al. (2011)

Referring to Figure?, let (E be a left shift in Evalue that delivers a given reductiai,, in the energy
(joules) required to heat the home across ybar assuming no chaegn indoor temperature. This
corresponds to translation to the left fromdET UE p ar al tads. t o t he x

However, the slope of the curve above 250 W K sugg
by anincreasei®| T f r om The addi iTornid l. e n e I f.Yase F€QUirgd douatheese,thist J
temperature increase is taken to indicate how much the average householder chooses to spend on
additionalheating to increase temperature given a constant temperedarsaving equivalenbt UE .

The s Uf.@dn diJnGan be equated to the energy that a fuel subsidy will Bl is then

the energy equivalent of the subsidy thggdpyib@&ssehol d
energy he/ she uses to increahe temperature of the homEhus the proportion of asubsidy the

average householder chooses to spend on fuel to increase temperature inside the home is therefore
Udncrease)/ (ot (Hedase)- It is this ratio that we use to indicate tla@portionment of any fuel

subsidy into its components contributing to (a) a warmer indoor environment and (b) cost saving,
depending on the energy efficiency characteristics of the home.

2.6.3 Health impact model

Health impacts related to the interventions hdween estimated using life table methods applied to

the individuals in the EHS data. Individual mortality risks were based on the average for that
individual 6s age and sex, except where the individedt
For themain analysis, assuming no change in the ventilation of dwellings, only health outcomes
relevant to changes in exposure to cold and mould were considered. However, additional outcomes

were modelled when accounting for the effects of changes in ventilaioth resulting indoor

exposures as part of the sensitivity analyses. Impacts on morbidity were estimated assuming constant
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ratios of morbidity to mortality for each mortality outcome. Further morbidity estimagr®e made
using disease prevalence for twonchtions which do not have substantial mortality burdens (asthma
in children, mental health in adultshmpacts have been calculated both for those targeted for
interventions and other individuals in the same househdids.the base case scenarios, alalte
impacts have been discounted at a rate of 1.5%.

2.6.3.1 Impacts on mortality

The mortality impacts were calculated using a modified version of the life table model, IOMLIFET
(Miller and Hurley, 2003)Life tables estimate patterns of survival in a population over time based on
agespecific mortality rates. To perform a health impact assessment, the mortality rates are adjusted in
response tohte changed environmental exposure and the results are compared against those of the
baseline (i.e. unadjusted) life table. Life tables were set up using 2018pagdic population and
(diseasespecific and alcause) mortality data for England and Wafesm the Office for National
Statistics (ONS), with separate life tables set up for males and females (due to their differing mortality
rates and life expectanc{®NS, 2010) For individuals identified as having COPD or heart disease,

have hcreased mortality risk for people with COPD (increased COPD risk) or heart diseersadied

all cause riskpased ompublished evidenc@evereux, 2006; Peeters et al., 2002)

Exposureresponse relationships for mortality were obtained from published epidemiological studies.
The key relationship (SIT vs. cardiovascular mortalitybésed on evidence previously covered in the
second report in this series on excess winter death and morbkhdtofs determining vulnerability to
winter- and coldrelated mortality/morbidity. The other coefficients, relating mainly to ventilatioglated
exposures, were identified by review of the literatulflee modelled exposufesponse pathways and
exposureresponse functions are shownTableb5.

Table 5- Mortality outcomes modelled and exposure response relationships

Exposure Health outcome Exposureresponse Reference
relationship

Main analysis

Standardzed Winter excess cardiovascular 0.98 per °C Derived from(Wilkinson

internal (including excess cerebrovascular et al., 2001)

temperature accident and myocardial infarction)

Sensitivity analysis (additional outcomes)

Environmental Cerebrovascular accident 1.25 (ifin same (Lee and Forey, 2006)
tobacco smoke dwelling as smoker)
Myocardial infarction 1.30 (if in same (Law et al., 1997)
dwelling as smoker)
PM, Cardiopulmonary 1.082 per 10 pg/ rh (Pope et al., 2004, 2002)
Lung cancer 1.059 per 10 ug/ rh As above
Radon Lung cancer 1.16 per 100 Bg/ rh (Darby et al., 2005)

Since some of the outcomes are stdbegories of others (e.g. myocardial infarction is a-sategory of
cardiovascular), to avoid doubt®unting we removed deaths in those suabegories from the larger
categories (e.g. cardiovascular does not include deaths from myocardial infarction). For outcomes
affected by more than one exposure, we assumed the relative risks were multiplicative.
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We have assumed no time lags for impacts resulting from changes in standardised internal
temperature, as coltelated deaths are likely to begin to occur within a year. However, for the
additional exposures and outcomes considered in the sensitivity anatydie dmpacts of ventilation
changes, a change in exposure would not lead to an immediate change in mortality in the population.
For example, an increase in radon exposure would lead to almost no increase in lung cancer risk in the
population for at leasfiO years due to the latency period of the disease. To account for this, we
incorporated diseasgpecific time functions to account for disease onset and cessation lags over time.
The time lag functions were based on empirical evidence of the effect ofisgnaessation on
mortality over time (e.glLin et al., 2008 and expert judgmenRklots of the assumed time lag functions

are shown irFigure3.
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Figure 3- Assumed time lag functions for causes of mortality related to changes in ventilation

Since the life tabldbased estimates are made onlyifodividuals in the EHS dataset (representing the
existing English population), we have added future births into the population to allow for additional
benefits in future generations born after the intervention. The number of births each year is assumed
to equal the existing population aged 0 in the survey, and these newborns experience changes in
environmental exposures equal to the populaticgighted mean changes.

2.6.3.2 Impacts on morbidity

Morbidity impacts were modelled using two methods depending on theittomdIn the first
method, estimates of changes in morbidity were made for the same outcomes as modelled for
mortality. In the second, estimates of impacts on asthma in children and common mental disorder in
adults were produced based on adjusting thevplence of these conditions in the population in
response to changes in standardised internal temperature and mould.

To estimate morbidity impacts associated with the mortality impacts, we assume correspondence
between the burdens of morbidity and mortalfior each outcome over the 42 year period. For each
outcome, ratios of morbidity (hospital admissions) to mortality (deaths) were calculated using
hospital admission data frotdospital Episode Statistic’ES and mortality data fronthe Office for
National Statistics QNS (Table6). These ratios were applied to the outputs of the mortality impacts
model (changes in LY over 42 years) to calculate the corresponding expected morbidity impacts.

Table 6 - Data used to estimate morbidity from mortality for each outcome

Outcome Hospital admissions per Deaths per year Ratio of morbidity to
year mortality

Main analysis

Cardiovascular 937,963 133,680 7.02
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COPD 135,859 25,918 5.24
Stroke 92,872 25,328 3.67
Heart attack 76,920 21,835 3.52

Sensitivity analysis (additional outcomes)

Cardiopulmonary 1,793,984 200,545 8.95
Lung cancer 85,072 28,628 2.97

We estimated additional impacts due to (i) standardised internal temperaturseental healthin
adultsand (ii) on COPD in adultsanddue to(iii) mould on asthma in children. The calculations were
performed for the individuals in the EHS identified as having these conditions. Impacts on mental
health in adults, considered as the prevalence MDCwere modelled as the proportion of the
population with a 1atem General Health Questionnaire (GHIQ) score of 4 or abov®ata on CMD
prevalence was taken from the Health Survey for Englé&h8CIC, 2013)and COPD prevalence was
obtained from the Association of Public Heal@bservatoriedAPHO, 2011)(see earlier)Baseline
asthma prevalence in children, taken fréathma UK(Asthma UK, 2014)was used to represent the
probability of different asthma severity in three clasasesg information in the dusingHealth and
Safety Rating System(HHSRS)(OPDM, 2003)

1 Harm class Il (1 out of every 110 asthma cases)
I Harm class lll (16 out of every 110 asthma cases)

1 Harm class IV (93 out of every 110 asthma cases)

For all morbidity outcomesthe impacts were based on exposuegsponse relationships obtained
from published epidemiological studieEable7).
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Table 7 - Morbidity outcome modelled and exposure response relationships

Exposure Health outcome Exposureresponse function
Relative risk Source

Standardzed internal COPD 0.90 per °C Estimate based on

temperature°C) studies from UK

(Osman et al.,@8)
and New Zealand
(HowdenChapman et

al., 2007)
Mental health:
Common mental disorder 0.90 per °C Based on Warm Front
(GHQ-12 score 4+) (Gilbertson et al., 2012)
Mould (%6MSI > 1) Asthma
Harm class Il (hospital 1.53 per 100% Based on(Fisk et al.,
admission) 2007)and used in
HHSRS
Harm class Il (GP 1.53 per 100% As above
consultation)
Harm class IV (minor 1.83 per 100% As above
symptoms)

The calculations have been performed for eagpropriate individual in the EHS (identified as
described previously) and their impact calculated by direct application of the expspense
function. For both outcomes, the prevalence implied by the EHS has been compared against published
prevalencesstimates in England (see 2.1.6.1) and the impacts scaled accordingly. In the base case, we
have assumed a constant population of children (asthma) and a@@®LQ,CMD). However, for

CMD, we have assumed that celdlated mental health impacts occur omlyring the four coldest
months of the year.

The morbidity impacts were converted to qualétgijusted life years (QALYsS) bweighting he
estimates to account fareduced qualityof-life using utility weights from previous NICE guidance
documents Table8. These weights did not vary by age and
disease statuskor the broadest disease outcomes (cardiovascular, cardiopulmonary) it was not
possible to obtain utility weights. As sucplausible estimatesnade by the modelling teawere
used.Although the utilities were obtained from single NICE assessments, itkiscavledged that

there are variations in the utilities depending on the assessment and the stage of the disease. We have
accounted for these variations in the probabilistic uncertainty analysis (see section 2.11.3).

Table 8 - Utility weights for each health outcome

Outcome Utility weight Source

Main analysis

Cardiovascular 0.8*

Stroke 0.736 NICE technology appraisal guidance 236
(NICE, 2011a)

Heart attack 0.812 NICE technology appraisal guidance 236

COPD 0.751 NICE technology appraisal guidanca3

(NICE, 2012b)
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Common mental disorder 0.88 NICE technology appraisal guidance 97
(NICE, 2013b)

Asthma (mitl) 0.97 NICE technology appraisal guidance 131
(NICE, 2012c)

Asthma (moderate) 0.85 NICE technology appraisal guidance 131

Asthma (severe) 0.669 NICE technology appraisal guidance 278

(NICE, 2013c)

Sensitivity analysis (additional outcomes)

Cardiopulmonary 0.8*
Lung cancer 0.53 NICE technology appraisal guidance 227
(NICE, 2011b)

*Estimate for broad outcome

The calculations are performedsing average utility weightsand hence do not capture the
progression of disease over tinfear morbidity estimates made in relation to mortality (basedthe

life tableoutputg, the duration of the utility decrement associated with the intervention is implicit in
the life table results (i.en the variation in life year changes over time). For direct estimates of changes
in disease prevalence (COPD, ©Mchildhood asthma) different assumptions have been made about
the duration of the decrement. For COPD and asthma, a permanent improvement in condition has
been assumed. For CMvhen targeted at those wibMD, we have assumed that the prevalence in
tho=e initially targeted would fall to 50% after one year and 25% after two year,then remain at

this underlying level. This was done to account for the high likelihood of recovery within the first few
years(Richards, 2011)

2.7 Resource use and costs

2.7.1 Intervention costs

2.7.1.1 Household energy efficiency

Costs associated with housing interventions are not well represented in the academic literature and
most sources are available in grey and online literature and refortshe most part, costs available

from these sourceBave ahigh degree of uncertainty, as they may not define what components are
included (e.g. labour, material, ovBead).Further, many interventions have an associated impact on
the interior decoratio of the dwelling, for example replacing boiler cupboards, plaster around glazing
units. They may also have a certain impact on the occupants that are not costed, such as disruption
costs (i.e. temporary rehousing).

For the economic modelling, interventimosts are drawn from recent (soon to be published) DECC
analysis of Warm Front, which provide costs for loft and cavity wall insulation, draught proofing,
boiler replacement and gas central heatifilge Warm Front programme is aimed at reducing fuel
experditure in priority households, i.e. those on benefits.

In the modelling, it is assumed that these costs represent the costs that could be paid for by other
governmentbacked schemes. It is also assumed these costs would reflect those found within the open
market. The basis of this reasoning is that many of the costs are drawn from a zedtgalvernment
scheme that reflects economies of scale associated with large purchasing power. Also, the later part of
the scheme was delivered under a blind competitidding process and therefore could represent a
competitive open market.
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As noted above, most intervention costs are drawn from unpublished (due to be published towards
the end of April 2014) analysis of the Warm Front scheme for 2005 to 2013, cauriddyanembers of

the analysis team for the DepartmesftEnergy and Climate ChangEor those costs not available

from the Warm Front programme, other sources of online literature were referenced and it was
assumed that the advertised costs of the measoeld include material and labour costs (if not
stated). No estimates of costs associated with redecorating are included in the intervention modelling.

Table 9 shows the intervention costs used for the Warm Front insulation and heat systemThkests.
costs are drawn from the most recent two years of the scheme, 2011/ 12 and 2012/ 13 and comprise
delivery, labour and material costs associated with the interventioese costs were collected as part

of the delivery of the Warm Front scheme from the scheme administrator and represent over 60,000
data points.The data offers a range of costs that refldot amount of material needed and the
difficulty of the installation.The average of the mean values for 2011/ 12 and 2012/ 13 are used as the
central estimate of costs and their standard deviations are used for probabilistic sampling.

Table 9 - Intervention costs from Warm Front (source: DECC, 2014)

Cost of measures by year 2011/12to 2012/13
Measures Mean Median Max
Cavity Wall Insulation 430 370 1,600
Loft Insulation 330 300 1,150
Draught proofing 150 140 270
Boiler Replacement Gas 1,310 1,230 6,560
Gas Central Heating 1,520 1,470 3,180

Warm front did not cover glazing retrofits, or improvements to ventilation contFolsthese costs, a
review of available academic and grey sources of literature smased out Table 10 describes the
costs, including material and labour costsio cost amounts were found for glazing, the costs were
averaged togder to represent both rangéiie values are corrected using benchmark inflation data
from the Bank of England from the cited year of publication to the year 2012.

Table 10- Intervention costs from mixed sources

Installation Total Materials Labour Source(s)

Glazing £5,000 £3,000 £2,000 Energy Saving Trust
Glazing £11,100 £7,800 £3,300 ETI retrofit project
Extract £500 £250 £250 ETI retrofit project

The energy efficiency interventions described above have differentitifes. DECC estimate that
insulation measures will last for approximately 45 years, heating measures will last for approximately
15 years, and glazing for approximately 20 years. To account for these differences, the cost of the
interventions have been analised in the form of an Equivalent Annual Cost (EAC), which is the cost

of the intervention spread over the lifespan, accounting for discount rate. The total cost of all
interventionshas beerequalisedfor the modelperiod (42 years)Therefore, 6r shater time periods
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the costs will be less than over longer periods.

2.7.1.2 Fuel subsidy

The Winter Fuel Payment of £200 is used as a basis for the fuel subsidy paymentnleweler to
maintain the relative change in indoor temperature resulting from the fbsldy over the modelling
period it is necessary to maintain the purchasing power of the initial subsidy ami@uat¢count for
potential changes in subsidy amounts, the modelling links the fuel subsidy to the incremental
estimated annual change in annuatlfprices over the modelled periodherefore thduel subsidies,
being a reoccurring paymengare indexed to the change in fuel prices aaik simultaneously
discounted using the above mention rate of 1.9%e cost of admmiistering the fuel subsidytie
transfer costhasnotbeenincluded.

2.7.2 Energy costs

Energy savings are estimated using projected fuel costs from DER&conversion of the EHS into

SAP type outputs includes price by fuel type set for 20h&se prices are proportionally increased to
reflect prices in 2012 using estimates from DECC (Sadble 11). In England, because the energy
market is deregulatedhe price paid by any household will vary depending on the supplier they
choose, the payment method and any offers mdtie. DECC fuelprices used in the modelling are
national averages, weighted by tariff type (i.e. debit, credit and prepayment) and number of regional
customers. It is assumed that these estimated prices reflect those paid on average for English
households.

Table 11 - Fuel Prices in 2012 (Source: DECC: DUKES 2011 table 1.6 and DECC: Quarterly Energy Prices-
table 2.1.1 [198€2012])

Fuel Price (p/kwh)
Total solid fuels 4.43
Gas 4.62
Electricity 13.78

Oil 5.61

The economic modellingncludes a 42 year time horizokstimates of projected retail price changes

are drawn from DECCThe DECC data made estimates of retail price changes between 2012 and 2030.
In order to cover the remaining 12 years, a further projection of prices was osdg the TREND
function in excel, which used the past prices (2010 to 2030) to project the remaining VYbars.
projection for 2010 to 2052 is shown Figure4. Notet he o6kink6 in the 2033 is
increase between 2010 and 2015, which then stabilises through to 2052.
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Figure 4 - DECC projected retail gas prices (Source: DECC 2012 Energy and Emissions Projections, 2012)

2.7.3 Health service costs

The life table models assume that deaths are spread evenly over the course of a year. Therefore, on
average, each death results in 0.5 life years lost per year. Since this means that each life year lost per
year is equivalent to two @é¢hs, we have assumed that a ratio of hospital admissions to life years lost
per year can be obtained by doubling the ratios of hospital admissions to deaths per year, shown
previously in Table 6. These ratios were applied to the modelled changes in life years to estimate
associated changes in hospital admissions for each outcome per year. For asthma an@eCMD,
assumd that changs in hospital admissionsoccur in propotion to the modelled change in
prevalence.

We assume that the total change in hospital admissions (all outcomes combined) will result in a
corresponding proportional change in total GP consultations, accounting for the proportion of all
hospital admissios represented by the modelled health outcomes (based ord &tBSThis assumes

that these health conditions make up similar proportions of total hospital admissions and total GP
consultations. Thanost recent estimatéor the total number of consultatisnin Englandis 303.9
million for 2008/ 09.However, a recent NH&porthasextrapolate this figureto 2013 estimaing 340

million consultationdNHS, 2013)

Unit costsfor hospital admissions were takémom the National Schedule of Reference Costs 2032
for NHS trusts and NHS foundation trusts (Sesble 12) (Dept. Health, 2013)We identified for each
modelled outcome thelosest equivalent Healthcare Resource Groups (HRG) caddsaveraged
across relevant HRGs weighted by activifiable 12). The ranges presented were obtained using the
lower and upper quartiles from the reference costs.

Table 12- NHS reference costs and baseline hospital admissioftsr each outcome

QOutcome 201213 HRG codes Unit cost per hospital admission Baseline hospital
(E) admissions per yeal
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Weighted mean Range(lower-

upper
guartiles)
Main analysis
Cardiovascular - £1,000* £700%£3,000* 937,963
Stroke AA35A, AA35B, AA35C, £3,118 £2,159£3,530 92,872
AA35D, AA35E, AA35F
Myocardial infarction EB10A, EB10B, EB10C, £1,578 £,1179£1,813 76,920
EB10D, EB1OE
COPD DZ21A,DZ21L, DZ21M, £1,238 £975£1,413 135,859
DZ21N, Dz21P, DZ21Q,
DzZ21R, DZ21S, DZ21T,
Dz21U
CMD (adults) WD11Z,WD22Z, WD33Z £1,492 £1,116£1,703 33,481
Asthma (children) DZz15G, DZ15H, DZ15J, £875 £684-£1,006 25,527
DZ15K, DZ15L
Sensitivity analysis (additional outcomes)
Cardiopulmonary - £1,000* £700*£3,000* 1,793,984
Lung cancer DZ17E, DZ17F, DZ17G, £1,868 £1,350£2,193 85,072

DZ17H,DZ17J, DZ17K

*Estimated for broad outcome

For GP consultations, a unit cost of £45 was applied, assuming an average consultation lasting 11.7
minutes (with qualification costs) based on NHS reference costs for (BE@®t. Health, 2013)Since

the estimate®f hospital admissions and GP consultation costs arsed ondiscountedchanges in

QALYs over the time frameahey arethereforeimplicitly discountedat the same rate of 1.5%.

2.8 Input parameters

The majority ofinput parameters on the English housing &@mnd its energy efficiency were drawn
from the EHS 2010, which is the only potential source for this d&imilarly, data used to
parameterise the life table models were obtained from the Office for National Statistics (ONS), again
the only available sowe. All other input parameters weddawn from the available literaturés

mentioned previouslythe utility weights used in the health model wersbtained from recent NICE

gam%ééfaEeﬁéﬁéé@b%%ratmhsmmﬁry of the key input parameters used in the model and their

sourcesFurther input parameters used in the building physics model are provided in the Appendix
(6.2.5).
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Table 137 Summary of key housingmodel input parametersand sources

Input data Estimate/source
Housing stock Variable Value Unit Source
Houses Surveyed English Physicalcharacteristicfage, size, type, are:  English Housing
dwellings measurements) Survey2010(CLG,
2013b)
Surveyed English Householdcharacteristic§occupants, socio English Housing
households economic status) Survey2010(CLG,
2013b)
Interventions Component EHS variable Estimate Unit Source
Lofts to 250mm insulation roof uvalue 0.22 W/ m? RdSAP v9.83 2005
K
infiltration direct adjustment 0.1 Nach Hong et al, 2004
Wall insulation insulation external wall uvalue 0.58 W/ m? RdSAP v9.83 2005
(solid externa) K
infiltration direct adjustment 0.3 Nach Hong et al, 2004
Wall insulation insulation external wall uvalue 0.33 W/ m? RdSAP v9.83 2005
(cavity fill) K
infiltration direct adjustment 0.2 Nach Hong et al, 2004
Doubleglazing insulation glazing uvalue 2 W/ m? Rd SAP v9.83 2005
K
infiltration draught stripping 0.98 Nach Hong et al, 2004
percentage
Installation of efficiency main system 93 % Rd SAP v9.83 2005
condensing boilers efficiency
Installation of temperature direct temperature  0.00395 °C Warm Front
central heating adjustment
efficiency main system 92 % Rd SAPv9.83 2005
efficiency
Draughtproofing infiltration floor infiltration 0.1 Nach Rd SAP v9.83 2005
infiltration glazing draught 0.98 Nach Rd SAP v9.83 2005
stripping percentage
infiltration direct adjustment 0.2 Nach Hong et al, 2004
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Table 147 Summary of health model input parameters and sources

Input data

Estimate/source

Baseline health and population data

Population
Mortality

Disease prevalence

Hospital admissions

GP consultations

Exposure-response functions

Utility weights

Mid -year population estimates for 2010 from B#ice
for National Statistic§ONS, 201a)

Age-specific mortality by cause for 2010 frothe
Office for National StatisticONS, 2011b)

COPD:Prevalence 05.90% (aged 45+pccording to
modelled 2011 estimates from the Association of Pul
Health Observatoriec®APHO, 2011)

Heart diseasePrevalence 010.96% (aged 45+)
according to modelled 2011 estimates from the
Association of Public Health Observatori@PHO,
2013)

CMD: Prevalence of 159%aged 16+pased on seif
reported mental health, as assessed by the Genel
Health Questionnaire (GHQ2) from Health Survey
for England (HSE) 201¢H SCIC, 2013)

Asthma (children)Estimatedprevalence of 1in 11
children from Asthma UKAsthma UK, 2014)

Based on 22/ 13 Hospital Episode Statistics
(HES) dataon primary diagnosifor each
outcome(HSCIC and ONS, 20133¥ee also Tabl8)

340 million consultationsn 2013 estimated according
to (NHS England, 2013ased orextrapolaton ofrates
from (Hippisley-Cox and Viogradova, 2009)

Estimates obtained by literature revievegsTable?
and Tabled)

Based on weights used for each outcome in recen
NICE guidance and appraisal documenee(Fableb)

Table 157 Summary of input costsand sources

Input data

Estimate/source

Intervention costs

Home energ\efficiency measures

Fuel subsidy

See Table 6 and Table 7

£200based on existing Winter Fuel Payment in
England (effects of £100 and £400 subsidies tested
sensitivity analysi¥
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Energy costs See Table 8 and Figure 4

NHS health carecosts

Hospital ad missios Outcome specific hospital admission coséséd on
National Schedule of Reference Costs 208%or NHS
trusts and NHS foundation trusts (Dept. Health, 201
(seealsoTable 9

GP consulations £45 assuming an average consultation lasting 11.
minutes (with qualification costsBased on National
Scheduleof Reference Costs 2043 for NHS trusts
and NHS foundation trusi{®ept. Health, 2013)

2.9 Key assumptions

Themost importanassumption®f the economic modelre detailed in the following sections.

2.9.1 Household energy efficiency model
The key assumptionsf the household energy efficiency model are:

1 Changes in indoor winter temperatures can be predicted using an empirical relationship

between the standardized internal temperature and the whole dwellilatuE.

i1 The average of the standardised living roomdabedroom temperaturgSIT) provides a
useful estimate of heating season average wholese temperatures

I SIT depends exclusively on thevalue (i.e. predicted energy efficiency) of the dwelling.

1 Theselectedarchetypes are adequate to representvidr@ation in geometry observed in the
English housing stockOikenoumou et al., 201@see Appendix 6.2.2)

i The EHS dwellingscan be matchedo the modelled building variantsaccording to rules
described irthe Appendix.

1 For the main analysis, energy efficiency measures have no impacts on ventilation.

1 Alldwellings built after 1990 haverickle ventsand that the 8% of dwellingsuilt before 1990

having trickle vents is random (e.g. has no dependence on dwelling characteristics or region).

1 The radon concentration is half that of groufiabr flats in firstfloor flats, and zero in higher
level flats.

1 The behaviour of occupants, with regards to theieraction with windows, and prodtion
and removal of pollutants Bssumed to depend only on the size of the dwelling

1 All ventilation and heatingystems are assumed to function correctiyth no allowance
made for mechanical failure or deterioration with time.

1 The target groups in relation to dwelling characteristics are adequately represented by the

EHS and can be identified from sedported symptoms.

i People do not move hone any poit following the intervention
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29.2

Fuel subsidy model

The key assumptionef the fuel subsidy model are

il

2.9.3

Choice in expenditure otemperaturat a given level of home energy efficiency is reflected in

the SIT vs Evalue curve, which is assumed not to be coaisted by the physical capacity of

the heating system to heat the home but only by the choice of how much the heating system is
used (cost).

The unit fuel cost is the same for all dwellings (there is no direct evidence on the variation in
the SIT vs Evaluecurve for different fuel sources/ tariffs).

The SIT vs Evalue relationship is representative of the relationship under a given fuel prices.

Health impact model

The key assumptions of theealth impact model are

f

Health effects of changes in indommperature can be accurately quantified using a synthesis
of evidence from a sparse number of intervention and observational studies (Table 2).
particular, evidence from time series studies relatimgrnal wintertemperatures to daily
mortality can e used to quantify longerm loss of life expectancy (see section 2.11.1)

Health effects due to changes in indoor air quality can be quantified using published
epidemiological evidence of varying robustness (Table 2).

Health impacts are modelled by chandedife expectancy and disease prevalence of & self
replenishing population.

Mortality rates vary only with age and sex (there is no dependence.@. socioeconomic
factors except for individuals identified as suffering from COPD or heart disease).

Charges in exposureaffect mortality risk at all ages.

The age and causespecific baseline mortality ratemnd disease prevalenc® not change
over time(i.e. constant at 2010 levels over the 42 years of follow. up)

Individuals in the EHS are only idengfil as having COPD or heart disease if they are aged 45
years or over (see 2.3 Population).

Morbidity does not depend on e.g. soeiconomic factors, underlying health status, etc.

People with clinicalCMD experience a recovery rate that takes the undeglyinevalence to
50% after 1 year and 25% after two years, at which point the rate of natural/ treatetetiet!
recovery and relapse are assumed to balance.

Cold-related mental health impacts occur only during the four coldest months of the year.

The relatve risk for COPDrelated symptoms is assumed to be 0.9 fizincrease inSIT, a

figure which reflects unclear evidence of temperature benefit from UK COPD intervention
studies, but larger impact in less relevant New Zealand intervention studies.

Relative risksaremultiplicative.
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No time lags for impacts resulting from changes in standardised internal tempe@thees
(ventilationrelated)areas shown irFigure3.

The number of births each year is equal to the existing population aged 0 in the ,suhely
yields a roughly constant population of lthrien over time

Although the calculations are performed for the existing English population (based on the
EHS), benefits also accrue to future (péstervention) births.

There is aiked ratiobetween the burdens of morbidity and mortality for each outcome over
the 42year period(Table 3)

The utility weights associated with eattealth outcome are broadly repsentative of the
average for that outcome.

The uility weights do not vary with age.

Intervention costs

The key assumptions regarding estimation of the interventions costs are:

f

2.95

Costs represent the costs paid for by other governrbanked schemes and withthe open
market.

Advertised costs of the measure include material and labour costs (if not stated).
VAT is additional to any stated costs.

Intervention cost capital outlay occurs at the time of intervention without any-temg
payback process.

Energy costs

The key assumptions regarding estimation of the energy costs are:

f
f

29.6

Estimated prices reflect those paid on average for English households.

Estimated changein energy prices over the modelling period account for future energy price
changes based on DECC scenario modelling

Energy costs are discounted using the stated discount rate of 1.5%

Health service costs

The key assumptions regarding estimation of thaltheservice costs are:

f
f

A ratio of hospital admissions to life years lost per year can be obtained.

For asthma COPD and CMD, changgin hospital admission®ccur in proportionto the
modelled change in prevalence

The total change in hospital admissionall (outcomes combined) will result in a
corresponding proportional change in total GP consultations, accounting for the proportion of
all hospital admissions represented by the modelled health outcomes
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1 The modelledhealth conditions make up similar propions of total hospital admissions and
total GP consultations

1 Thereis o change in NHS unit costs over time.

1 Health service costs do not account for increases in life expectancy.

2.10 Key features of the analysis

The key features of the analysis are as fobow

1 Due to the relatively long tim&tame of the modelled interventions, costs and benefits have
been discounted at a rate of 1.5% for the base case analysis (the effect of using a 3.5% discount
rate is considered as part of the sensitivity analyses).

1 42 year and 5 year time periodsave beerused to examine near term and long term effects
within the window of the longest intervention lifetime.

1 All energy efficiency measures installed in all (targeted) dwellings that the dwelling is
deemed to need.

1 Energy eficiency measures are assumed to be installed instantly with no phasing over time.

1 The amount of the fuel subsidy (initially £200) is linked to fuel prices and hence changes over
time.

1 Interventionsare targeted at five groups based on health status (at least one person in
household), agandincome.

1 Health impactshave beenestimated for all individuals affected by intervention, including
healthy people living with targeted individuals.

i The base case arysis assume that energy efficiency interventionare applied without
affecting ventilation (which is consistent with UK Building Regulations Part F). However, the
sensitivity analysis considers a scenario in which ventilation is adversely affected.

2.11 Uncertainty and s ensitivity analyses

Model testing identified a number of key parametersrelation totheir impact on the estimated
ICERs. In response, a wide range of uncertainty and sensitivity analyses were undertaken. Several
structural uncertaintiesvere tested includingaccounting for changes in ventilation and indoor air
quality, altering the duration of CMD impact, amdteringthe loss of life expectancgssociatedvith
cold-related deathsThe economic evaluation of the modelled intervensi@soincluded uncertainty
analysis to account for uncertainty in the key drivers of the modelling space (i.e. inputs) that are most
likely to have an effect on the health outcomes and the-effsttiveness of the application of the
intervention.Furtheruncertanties were dealt with through series ofl eterministicsensitivitytests

2.11.1 Structural uncertainty

The following section outlines the features that relate to structural uncgeiwithin the economic
modellingapproach andhe analyses performed to tegtriousassumptions
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Inclusion of ventilation -related health effects for energy efficiency intervention

Ventilation-related impacts on health are an important component of any houslatgd
intervention, even if often negative. These therefore neecetiodduded to demonstrate the important
public health message of compensating for any adverse changes on indoor air quality resulting from
reductions in air exchang@.test was carried out to examine the effect of actions that did not properly
ventilate he dwelling following anenergy efficiency intervention.The test assunte that no
mitigation measures (i.e. purpoepeovided ventilationwereadded to the dwellings, showing the full
potential impact of increases in internal pollutants and minithisgress of outdoor pollutants.

Duration of CMD impacts

Previous galuations of the health impacts of home energy efficiency upgrades have studied benefits
only over relatively short time perisd(e.g. one yearYhere is currently little evidence of impacts ove

the longer term, for instancen whether health benefits due to increasing indoor temperatures will
persist far in to the future.

Our base case scenario assumes persistence of impacts on CMD over the entire 42 year time period
except when interventionare targeted at those with CMD (see earli&iven the large uncertainties
associated with this assumption, we have also tested amatitee scenario in whichmpads in those
targeted with CMD persist over the entire follow up period.

Uncertainty of i ndoor temperature related health impact: loss of life expectancy
for cold-related deaths

The economicmodeling draws on analysis by Wilkinson et. §2001) on the change in excess winter
death (as a ratio afon-winter death) due to cardiovascular disealee relationship is from a time
series analysis of mortality data and indoor temperatures, standardisedQaduring the winter
daytime (see Evidence Statement 3.1 in the second report in this $adess determining vulnerability
to winter and cold-related mortality/morbidity. This analysis provided a trend estimate of 2% reduction
in winter: nonwinter ratio ofcardiovascular diseasadjusted for deprivation and variation in excess
winter death (EWD) by region, per increase in indoor hall pemature.n the model, the impact of
changes in standardisedternaltemperature is used to determine the change in H@i2szczyn et
al., 2006a)

Among the multiple uncertainties relating to the quantification of the impact ofratdded deaths is

the loss of life expectancy associated with each cold ddatbhe main, cold does not induce new
disease or events, but rather accelerates events (especially cardiovascular events) in people with pre
existing subclinical or clinical disease. For example, the additional people dying from a heart attack

or stroke on cold days will be people with already established atherosclerosis in whom the effect of
cold is sufficient to precipitate (early) the thrombotic obstruction of an already nad@eronary or
cerebral artery. Such a thrombotic obstruction would have been likely to occur eventually anyway,
but the pathephysiological effects of cold bring about the obstruction at a point earlier than it would
otherwise have occurreidwith conseqential clinical sequelae including death in some cases.

In consequence, it is likely that the people who die of e@lhted events are people who have shorter
than average life expectancy. The difficulty for modelling of eoddated QALYs is that the rks of
cold-related death are determined from tiperies studies from which it is impossible to determine
the degree of lifeshortening (i.e. loss of life expectancypplying relative risks for cold death
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derived from timeseries studies to life tablesakes the implicit assumption that those who die of
cold are representative of the population as a whole and therefore have averagmgeeaife life
expectancyThis is almost certainly untrue given that in nearly all cases they must hawexistag
undelying disease.

To address this, we have examined the effect of assuming that those vulnerable to cold fall into a
fihigh riskd sub-group of the population with elevated underlying risk of cardiovascular d&¥éh.

then examined the shortening of remainiifg expectancy in such a high risk group as a function of

(i) its size as a proportion of the total population (if overall cardiovascular deaths remain the same),
and (ii) the elevation of risk (relative risk) in the high risk group compared to the remaofdhe
population.

Table 16- Relationship between cardiovascular higkisk group size and life expectancy

Proportion of the population in the Approx. remaining lifeexpectancy Approx. life expectancy in high

group assumed to be at higisk at age 70 in high risk group* risk group relative to that
for cardiovascular events (years) calculated using population
average mortality rates
‘ 100%
(i.e. whole population equally at 145 100%

risk = default of applying time
series cold relativeisk to life table)

10% 7.5 50%
5% 55 38%
1% <3 21%

*or a given size of the high risk group (as a proportion of the total population), the life expectancy de
with the increasing relative risk for cardiovascular death in that grddigwever, the decline showe
considerable flattening after a relative risk of around 20 orTsh.e r esul ts shown b
asymptoted of I|ife expectancy for the high risk ¢

From Table 13it can be seen, for example, that if the vulnerable population at risk of cold death can be
assumed to be around 10% of the population, then their life expectancy will be only around half that
of the population as a whole. Likewise, if the vulnerable higgtk group is assumed to be 1% of the
population, life expectancy would be little more than a fifth of that in the population as a whole.

Using these figures, we calculateseveral alternative estimates for the loss of life expectancy
associated with coldelated death usinlife tables. The sensitivity testusedthreeé gl obal 6 corr ec
factors 0f0.50,0.38,and 0.21(Table 13)to adjustthe total of loss of life expectancy (and hence QALYSs)
corresponding to assumptions that the high risk group vulderabcold death is confined tb0%,

5%,and 1% of thepopulation respectively.

2.11.2 Deterministic s ensitivity analys es

A number ofdeterministicsensitivity analyss were undertakeas follows:

1. Inclusion of solid wall insulation iimomeenergy efficiency inteention
Solid wall insulation is an expensive intervention and may not beeffesttive purely on
energy terms or on health terms along. By includinidseall insulation in the basease
intervention package there was the potential to skew measuremtglat have been shown
as having reasonable cesffectiveness ratiolhe base case analysisas therefore repeated
without solid wall interventions.

2. Baseline energy efficiency (low SAP)
Targeting interventions at dwellings with low energy efficiency mHga costeffectiveness.
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As such, the base case analysis was repeated for homes with SAP ratings of 30 and less.

3. Level of subsidy in fuel subsidy intervention
The base case fuel subsidy intervention was repeated (i) decreasing the amount of the subsidy
from £200 to £100, and (ii) increasing it to £400.

4. Discount rate
The effect of increasing the discount rate from 1.5% to 3.5% was tested.

2.11.3 Probabilistic sensitivity analysis

To capture the uncertainty in the health impaotsated to the input parameterblonte Carlo
uncertainty analysis has been undertaken to explore the range of uncertainty in the health impact
estimates and the health service costs comprising two levels: individual level and population level.
Individual level pobabilistic uncertainty ha been explored by sampling the primary exposure
determinant (i.e. effect of intervention), exposuesponse relationshipand utility weighs for each

health outcome and intervention co$ts a total of100iterations for theelderly (>65)target group.

The number of iterations was selected to ensure a sufficiently wide variation was captured, but was
small enough to allow for computational efficiendyopulation level probabilistic uncertainty has
been explored by sampling the health service costs,@h@menergy costs, and intervention costs for

a total of 10,000 iterationsThe uncertainty ranges of the population level were sampled from the
individual level etimates for the health impact$his two-stage uncertainty analysis provides a
means of inestigating the overall uncertainty from the individual level through to the population
levelin the model

The end result of the uncertainty analysis was to provide incrementaéffestiveness scatterplots,
with 95% confidence ellipse to assess the utaiaty in the modelln addition, costeffectiveness
acceptability curves were plotted to demonstrate the likelihood that interventions awffectte at
a given willingness to pay threshold.

Due to the lack of evidence, we assumed that there is melation between the model parameters in
the Monte Carlo simulationdhis will make the scatter plots of the incremental costs and incremental
effectiveness in the cosiffectiveness plane more likely to be symmetrical than their counterparts in
other eonomic evaluations (e.g. in health technology assessmemts)the modelling, the
interventions costsvere scaled according to the amount of material needed and the size of the
technology installed (i.e. more insulation largerboilers for larger dwelligs). However, these costs

are independent of the potential change in exposure, which idimear relatedto the cost of the
intervention. Changes in temperatures are related to the energy performance of the building and the
heating sy st e nman aatbmpkeraturg differ@ncemtetween the indoor and outdoor
environment. Changes in ventilatioplated exposuresare related to the physical buildgn
characteristics, such as siteight above ground, aperture openings, apdrations.

Individual le vel uncertainty analysis

Sampling of exposure determinants

Uncertainty in the exposuraleterminants(i.e. interventions)was captured by sampling from a
distribution around the mean change in the physical building component associated with an
intervention.The mean values wereedived from the RASAP estimate¥/here no estimate of the

41



standard errowas known, a standard approach of using 10% of the parammeéan for the standard
error wasused, followingPavey et al(2011) Table 17 provides the input value means, standard
errors and curve type for each intervention compond&hdrmal distributions were used for the
intervention target rangefor each dwelling variant a vaduwas randomly sampled using the shape
parametersDue to the size of the standalone economic model (0807nput variants), the sampling
was iterated 100 times.

Normal distributions were used to specify the uncertainty in the expedeterminantsFor heating

and insulation interventions, the means were desired target levels and therefore likely to be normally
distributed. For ventilation changes, there is limited available evidence and therefore normal
distributions were also specified.

Table 17 - Exposure-determinant mean values and probability sampling ranges

Intervention Component Measure Curve Mean  Standard Error*
Loft insulation Roof heat loss u-value normal 0.16 0.02
Roof infiltration ACH normal 0.1 0.01
Cavity wall Wall u-value u-value normal 0.33 0.03
insulation wall infiltration ACH normal 0.2 0.02
Solid wall insulation Wall u-value u-value normal 0.58 0.06
Wall infiltration ACH normal 0.2 0.02
Double glazing Glazing uvalue u-value normal 1.8 0.18
replacement Glazing frame infiltration % leakage normal 0.98 0.05
Boiler replacement Boiler % efficiency normal 90 3.00
Gas central heating Heat system % efficiency normal 90 3.00
*10% of mean, with exception of glazing frame infiltration (5%) and rsgatem efficiency (3%)
AAn average across SAP dwelling ages

Sampling of exposureresponse functions

Using a similar approach to the interventions, shape parameters were defined for each exposure
outcome pathway using estimates of 95% confidentervals (Cl) from the original source references,
where available. Normal distributions based on the CI of the central estimates were used for the
relative risks; however, hvere the uncertainty was great or the evidence was limited, uniform
distributions(i.e. uninformative prior) over an appropriate range were used. Normal distributions
were applied to the relative risks associated with cardiovascular disease, common mental disorder,
and asthma. A uniform distribution was applied to that of COPD.

Sampling of utility weights

Since there is variation in the utilities within each disease category, utility weights for morbidity
estimates were sampled using uniform distributions with #0% as the upper and lower level
ranges. These were applied to C\Hroke, heart attack, COPD, CMD, and asthma.

Sampling of costs

Individuallevel intervention costs were sampled using cost data for each intervention type. Gamma
distributions were used for the intervention cost ranges, with standard deviations drawnhfeo
literature where available and +10% of the mean used in the absepn€evidenceBecause costs are
limited to a zero lower boundary and are often right skewed, gamma distributions were used to
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specify theuncertainty in the mean costs.

Population level uncertainty analysis

The individual level uncertainty analysis was used to derive uncertainty ranges around the total
hedth impacts, intervention costs, ardhanges in energy demandNormal distributions weraised

for health impactand changgin energy demandvith the mean and standard deviation drawn from
the individual level analysif?opulation level uncertainty ranges were also applied tchdedthcare
(hospital episode and GPBonsultation contactcosts (by diseasewhere relevant and fuel costs.
Gammadistributions were used for healtare and fuel costs.

The uncertaintyanalysis was performed for a sample of 10,000 iterations anduwed in examining
the incremental costeffectivenessof the interventions to healthcare outcoméscremental cost
effectiveness ratiodCER)were derived for each of the definp@rspectives

2.12 Internal validation

The quality of the economic model was assessed during its development using the following steps:

1 Regular scenario testing was performed by twadependent members of the modelling team
(i.e. not directly involved in model development) to identify errors;

1 Regular assessmenand checkingof model outputsvas performedby the wider modelling
team;

1 Intermediate output results from the model (e.g. tiwg permeabilitiesand fabric heat
losses exposure changes) were compared against available literature and other published
estimates (see section 3.3 Validation);

1 Outputs from the health impact model were continuously checked against the (commonly
used)IOMLIFET model, on which the calculations are based, to ensure consistency between
the two models;

1 Pollutant exposure modeluns used CONTAMv2.4c, a validated muhkzone airflow and
pollutant transport simulation todEmmerich, 2001; Haghighat and Li, 2004; Walton and
Dols, 2006)and werenternally validated againgtublishedsourcegShrubsole et al., 2012)

1 The eergy efficiency model waparameterizedusing the SAP approach and EHS data
(DECC et al., 2012)the outputs of these data were compared against published data in the
Great Britain Energy Fadtile (Palmer and Cooper, 2012)

1 Extensve uncertainty and sensitivitgnalyseshave been performed to test the validity of the
model with respect to its input parametdsee sections 2.11:2.11.3 and3.2.23.2.3 and
severakey structural assumptior(seesections 2.1l and 3.21).
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3 Results

3.1 Base-case analysis

The base case analysis assumes no changes in dwelling ventilation as a result of the interventions. The
results are summarised in the following sections. In all tables, note that negative signs indicate
incremental reductions/ cost sagsrelative to the counterfactual.

3.1.1 Costs and benefits of h ousehold energy efficiency intervention

Table 18 and Table 19 summarise themodelled costs and benefiia the base case analysis for
installation of home energy efficiency measures for different population subgrougrs5 and 42
years.
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Table 18- Summary of base case costs and benefits foome energy efficiencyintervention over 5 years

Intervention . ) . e
n— All energy efficiency measures installed in eligible homes
Description
Time frame Syears 5years 5years 5years 5years
Population Households containing at least one person with:
Target group COPD heart disease CMD age 65 or above low income
Number of affected households 1,003,853 1,789,366 3,641,674 4,869,389 3,409,304
Size ofaffected population 2,211,431 2,741,572 3,965,976 7,258,132 6,168,686
Mean changes in environmental exposures
Standardised internal temperature (°C) +0.29°C +0.35° +0.26°C +0.39°c +0.23°c
Mould (% MSI > 1) -0.46% -0.54% -0.38% -0.64% -0.33%
Intervention cost
Number of interventions 1,778,439 3,185,491 6,713,955 8,677,392 6,126,532
Total cost of intervention (M£) £1,382 £2,624 £5,466 £7,338 £4,893
Energy cost
Total change in stock energy demand (GWh/ yr) -6,199 -11,448 -23,105 -33,551 -19,502
Total incremental energy cost (M£) -£1,192 -£2,278 -£4,344 -£6,643 -£3,860
NHS healthcare cost
Change in healthcare contacts
- GP consultations -187,711 -166,243 -32,772 -675,854 -179,535
- Hospital admissions -8,362 -7,405 -1,460 -30,107 -7,998
Cost of healthcare contacts
- GP consultations (M£) -£8 -£7 -£1 -£30 -£8
- Hospital admissions (M£) -£11 -£10 -£2 -£39 -£10
Total incremental NHS health care cost (M£) -£19 -£17 -£3 -£69 -£18
QALYs gained
Cardiovascular 1,148 2,179 394 9,903 2,594
Stroke 182 341 61 1,495 365
Heart attack 177 341 60 1,620 442
Common mental disorders 3,735 1,637 10,732 7,485 6,618
COPD 42,751 12,071 2,479 25,513 7,402
Asthma (children) 135 19 119 84 246
Total QALYs gained 48,129 16,588 13,845 46,100 17,668
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Table 19- Summary of base case costs and benefits forhome energy efficiency intervention over 42 years

Intervention . . ) .
n— All energy efficiency measures installed in eligible homes
Description
Time frame 42 years 42 years 42 years 42 years 42 years
Population Households containing at least one person with:
Target group COPD heart disease CMD age 65 or above low income
Number of affected households 1,003,853 1,789,366 3,641,674 4,869,389 3,409,304
Size of affected population 2,211,431 2,741,572 3,965,976 7,258,132 6,168,686
Mean changes in environmental exposures
Standardised internal temperature (°C) +0.29°C +0.35°C +0.26°C +0.39°C +0.23°C
Mould (% MSI > 1) -0.46% -0.54% -0.38% -0.64% -0.33%
Intervention cost
Number of interventions 1,778,439 3,185,491 6,713,955 8,677,392 6,126,532
Total cost of intervention (M£) £11,611 £22,038 £45,913 £61,635 £41,099
Energy cost
Total change in stocknergy demand (GWh/ yr) -6,199 -11,448 -23,105 -33,551 -19,502
Total incremental energy cost (M£) -£9,252 -£17,680 -£33,718 -£51,558 -£29,959
NHS healthcare cost
Change in healthcare contacts
- GP consultations -2,325,402 -1,998,586 -861,991 -9,363,649 -2,688,512
- Hospital admissions -103,587 -89,029 -38,398 -417,113 -119,762
Cost of healthcare contacts
- GP consultations (M£) -£105 -£90 -£39 -£421 -£121
- Hospital admissions (M£) -£132 -£115 -£50 -£535 -£154
Total incremental NH &ealth care cost (M£) -£237 -£205 -£89 -£957 -£275
QALYs gained
Cardiovascular 25,626 29,187 13,304 146,198 41,919
Stroke 3,883 4,387 2,108 20,699 6,131
Heart attack 4,136 4,811 2,004 24,818 6,803
Common mental disorders 24,208 10,607 43,032 48,504 42,887
COPD 277,051 78,229 16,062 165,340 47,970
Asthma (children) 873 126 771 544 1,597
Total QALYs gained 335,776 127,346 77,281 406,104 147,308
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3.1.2 Costs and benefits of f uel subsidy intervention

Table20and Table21 summarise the results of the base case analysis for the fuel subtdyention
for different population subgroups.
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Table 20- Summary of base case costs and benefits féuel subsidy intervention over 5 years

Intervention .
n— Fuel subsidy of £200
Description
Time frame S5years 5years 5years 5years 5years
Population Households containing at least one person with:
Target group COPD heart disease CMD age 65 or above low income
Number of affected households 1,254,640 2,199,919 4,478,555 5,906,810 4,121,007
Size ofaffected population 2,474,107 3,062,277 4,523,800 8,286,200 6,546,032
Mean changes in environmental exposures
Standardised internal temperature (°C) +0.17°c +0.18°C +0.16°C +0.20°c +0.13°c
Mould (% MSI > 1) -0.27% -0.28% -0.24% -0.33% -0.20%
Intervention cost
Number of interventions 1,248,823 2,190,395 4,444,335 5,880,701 4,088,345
Total cost of intervention (M£) £1,423 £2,496 £5,065 £6,701 £4,659
Energy cost
Total change in stock energy demand (GWh/ yt 984 1,906 3,170 5,526 2,292
Total incremental energy cost (M£) -£1,243 -£2,142 -£4,487 -£5,667 -£4,234
NHS healthcare cost
Change in healthcare contacts
- GP consultations -144,318 -116,598 -26,561 -441,846 -116,111
- Hospital admissions -6,429 -5,194 -1,183 -19,682 -5,172
Cost of healthcare contacts
- GP consultations (M£) -£6 -£5 -£1 -£20 -£5
- Hospital admissions (M£) -£8 -£7 -£2 -£25 -£7
Total incremental NHS health care cost (M£) -£15 -£12 -£3 -£45 -£12
QALYs gained
Cardiovascular 912 1,466 318 6,335 1,596
Stroke 143 229 47 960 231
Heart attack 142 230 50 1,037 270
Common mental disorders 2,133 1,421 7,258 4,503 4,128
COPD 32,282 9,829 2,151 19,755 6,548
Asthma (children) 104 18 117 25 205
Total QALYs gained 35,715 13,192 9,941 32,616 12,977

48



Table 21- Summary of base case costs and benefits for fuel subsidy intervention over 42 years

Fuel subsidy of £200

Intervention
Description
Time frame 42 years 42 years 42 years 42 years 42years
Population Households containing at least one person with:
Target group COPD heart disease CMD age 65 or above low income
Number of affected households 1,254,640 2,199,919 4,478,555 5,906,810 4,121,007
Size of affected population 2,474,107 3,062,277 4,523,800 8,286,200 6,546,032
Mean changes in environmental exposures
Standardised internal temperature (°C) +0.17°c +0.18°c +0.16°C +0.20°c +0.13°c
Mould (% MSI > 1) -0.27% -0.28% -0.24% -0.33% -0.20%
Intervention cost
Number of interventions 1,248,823 2,190,395 4,444,335 5,880,701 4,088,345
Total cost of intervention (M£) £11,046 £19,374 £39,310 £52,015 £36,162
Energy cost
Total change in stock energy demand (GWh/ yt 984 1,906 3,170 5,526 2,292
Totalincremental energy cost (M£) -£9,644 -£16,622 -£34,824 -£43,987 -£32,867
NHS healthcare cost
Change in healthcare contacts
- GP consultations -1,709,072 -1,354,556 -582,100 -5,964,912 -1,817,559
- Hospital admissions -76,132 -60,340 -25,930 -265,713 -80,965
Cost of healthcare contacts
- GP consultations (M£) -£77 -£61 -£26 -£268 -£82
- Hospital admissions (M£) -£97 -£78 -£34 -£341 -£104
Total incremental NHS health care cost (M£) -£174 -£139 -£60 -£609 -£186
QALYs gained
Cardiovascular 18,594 19,296 8,846 92,087 27,867
Stroke 2,796 2,894 1,383 12,953 4,046
Heart attack 3,025 3,189 1,347 15,774 4,595
Common mental disorders 13,823 9,207 29,101 29,184 26,751
COPD 209,203 63,696 13,940 128,024 42,436
Asthma (children) 671 116 761 164 1,331
Total QALYs gained 248,113 98,398 55,379 278,187 107,026
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3.1.3 Combined household ene rgy efficiency and fuel subsidy

Table22and Table23summarise the results of the base case analysis for the fuel subsidy intervention
for different population subgroups.
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Table 22- Summary of base case costs and benefits ftire combined home energy efficiency and fuel subsidy intervention over5 years

Intervention All energy efficiency measures installed in eligible homeand fuel subsidy
of £200

Description

Time frame 5years 5years 5years 5years 5years
Population Households containing at least one person with:

Target group COPD heart disease CMD age 65 ombove low income

Number of affected households 1,254,640 2,199,919 4,478,555 5,906,810 4,121,007

Size of affected population 2,541,705 3,176,405 4,712,212 8,512,024 6,998,593

Mean changes in environmental exposures

Standardised internaémperature (°C) +0.40°c +0.45°C +0.36°C +0.51°c +0.32°c

Mould (% MSI > 1) -0.51% -0.58% -0.44% -0.70% -0.38%
Intervention cost

Number of interventions 3,027,262 5,375,886 11,158,290 14,558,093 10,214,877

Total cost of intervention (M£) £2,805 £5,120 £10,530 £14,039 £9,552
Energy cost

Total change in stock energy demand (GWh/yr) -5,491 -10,079 -20,862 -29,612 -17,949

Total incremental energy cost (M£) -£2,485 -£4,520 -£9,000 -£12,608 -£8,230

NHS healthcare cost
Change irhealthcare contacts

- GP consultations -325,577 -277,544 -58,295 -1,096,970 -290,140

- Hospital admissions -14,503 -12,363 -2,597 -48,866 -12,925
Cost of healthcare contacts

- GP consultations (M£) -£15 -£12 -£3 -£49 -£13

- Hospitaladmissions (M£) -£18 -£16 -£3 -£63 -£17
Total incremental NHS health care cost (M£) -£33 -£28 -£6 -£112 -£30

QALYs gained

Cardiovascular 2,025 3,578 700 15,941 4,113
Stroke 319 559 106 2,410 584
Heart attack 314 561 108 2,608 699
Commonmental disorders 5777 3,002 17,643 11,771 10,538
COPD 73,479 21,454 4,547 44,354 13,690
Asthma (children) 178 27 171 20 326
Total QALYs gained 82,092 29,182 23,276 77,174 29,950

51



Table 23- Summary of base case costs and benefits fitmee combined home energy efficiency and fuel subsidy intervention over 42 years

All energy efficiency measures installed in eligible homeand fuel subsidy of

Intervention
£200

Description
Time frame 42years 42 years 42 years 42 years 42 years
Population Households containing at least one person with:
Target group COPD heart disease CMD age 65 or above low income
Number of affected households 1,254,640 2,199,919 4,478,555 5,906,810 4,121,007
Size ofaffected population 2,541,705 3,176,405 4,712,212 8,512,024 6,998,593
Mean changes in environmental exposures
Standardised internal temperature (°C) +0.40°c +0.45°Cc +0.36°C +0.51°c +0.32°c
Mould (% MSI > 1) -0.51% -0.58% -0.44% -0.70% -0.38%
Intervention cost
Number of interventions 3,027,262 5,375,886 11,158,290 14,558,093 10,214,877
Total cost of intervention (M£) £22,657 £41,413 £85,224 £113,650 £77,260
Energy cost
Total change in stock energy demand (GWh/ yt -5,491 -10,079 -20,862 -29,612 -17,949
Total incremental energy cost (M£) -£19,291 -£35,084 -£69,855 -£97,857 -£63,883
NHS healthcare cost
Change in healthcare contacts
- GP consultations -3,958,309 -3,290,581 -1,418,508 -15,047,896 -4,424,885
- Hospital admissions -176,327 -146,582 -63,189 -670,323 -197,111
Cost of healthcare contacts
- GP consultations (M£) -£178 -£148 -£64 -£677 -£199
- Hospital admissions (M£) -£225 -£189 -£82 -£860 -£254
Total incremental NHS health care cost (M£) -£403 -£337 -£146 -£1,537 -£453
QALYs gained
Cardiovascular 43,430 47,591 21,763 233,961 68,542
Stroke 6,558 7,146 3,430 33,032 9,994
Heart attack 7,033 7,852 3,292 39,847 11,194
Common mental disorders 37,437 19,457 70,744 76,285 68,293
COPD 476,181 139,033 29,467 287,435 88,716
Asthma (children) 1,156 177 1,111 581 2,114
Total QALYs gained 571,795 221,255 129,808 671,142 248,853
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3.1.4 Summary of i ncremental cost -effectiveness ratios for base case

Table 24 and Table 25 provide summaries of per household costs, benefits [&ERs over the two
modelled time frames for different perspectives (see section 2.1 for details)
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Table 247 Summary of per household costs and benefits and incremental cestfectiveness ratios for all basease scenarios over 5 years

All energy efficiency interventions

£200 fuel subsidy

All energy efficiency interventions + £200 fuel subsic

Heart Low Heart Low Heart Low

5 yeartime horizon(per household) COPD disease CMD Age 65+ income COPD disease CMD Age 65+ income COPD disease CMD Age 65+ income
A Number of people 2.20 1.53 1.09 1.49 1.81 1.97 1.39 1.01 1.40 1.59 2.03 1.44 1.05 1.44 1.70
B Number of interventions 1.77 1.78 1.84 1.78 1.80 1.00 1.00 0.99 1.00 0.99 241 2.44 2.49 2.46 2.48
C Change in energy demand (kWh/y -6,175 -6,398 -6,345 -6,890 -5,720 784 866 708 936 556 -4,377 -4,582 -4,658 -5,013 -4,355
D Total QALYS/ 1G 47.94 9.27 3.80 9.47 5.18 28.47 6.00 2.22 5.52 3.15 65.43 13.26 5.20 13.07 7.27

Cardiovascular (incstroke + M) 1.50 1.60 0.14 2.67 1.00 0.95 0.88 0.09 1.41 0.51 212 2.14 0.20 3.55 1.31

Common mental disorders 3.72 0.91 2.95 1.54 1.94 1.70 0.65 1.62 0.76 1.00 4.60 1.36 3.94 1.99 2.56

COPD 42.59 6.75 0.68 5.24 2.17 25.73 4.47 0.48 3.34 1.59 58.57 9.75 1.02 7.51 3.32

Asthma (children) 0.13 0.01 0.03 0.02 0.07 0.08 0.01 0.03 0.00 0.05 0.14 0.01 0.04 0.02 0.08
E Intervention costs (£) 1,377 1,466 1,501 1,507 1,435 1,134 1,135 1,131 1,135 1,131 2,236 2,327 2,351 2,377 2,318
F Change in energy costs (£) -1,187 -1,273 -1,193 -1,364 -1,132 -990 -973 -1,002 -959 -1,028 -1,981 -2,055 -2,010 -2,134 -1,997
G Change in NHS health care costs (I  -19 -10 -1 -14 -5 -12 -5 -1 -8 -3 -26 -13 -1 -19 -7
Incremental costeffectiveness ratios (E/QALY)

NHS (G/ D) £395 -£1,027 -£243 -£1,503  -£1,037 -£409 -£905 -£274 -£1,388 -£914 -£402 -£974 -£257 -£1,457 -£989

Governmentiincl NHS+LA) (E+G)/ D £28,324 £157,137 £394,556 £157,661 £275,896 £39,437 £188,301 £509,205 £204,076 £358,089 £33,771 £174,467 £452,154 £180,456 £317,927

Householer (F/ D)

Combined(E+F+G)/ D £3,557

£19,819

£80,777 £13,572 £57,429 £4,647

£25,969

£57,872  £30,325

£31,793

£3,496

£19,575

£65,502 £17,091

-£24,767 -£137,318 -£313,779 -£144,089 -£218,468 -£34,790 -£162,332 -£451,333 -£173,750 -£326,296 -£30,275 -£154,892 -£386,653 -£163,365 -£274,804

£43,123
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Table 257 Summary of per household costs and benefits and incremental cestfectiveness ratios for all base case scenarios over 42 years

All energy efficiencyinterventions

£200 fuel subsidy

All energy efficiency interventions + £200 fuel subsic

Heart Low Heart Low Heart Low
42 yeartime horizon(per household) COPD disease CMD Age 65+ income COPD disease CMD Age 65+ income COPD disease CMD Age 65+ income
A Number of pople 2.20 1.53 1.09 1.49 1.81 1.97 1.39 1.01 1.40 1.59 2.03 1.44 1.05 1.44 1.70
B Number of interventions 1.77 1.78 1.84 1.78 1.80 1.00 1.00 0.99 1.00 0.99 241 2.44 2.49 2.46 2.48
C Change in energy demand (kWh/y -6,175 -6,398 -6,345 -6,890 -5,720 784 866 708 936 556 -4,377 -4,582 -4,658 -5,013 -4,355
D Total QALYS/ 1G 334.49 71.17 21.22 83.40 43.21 197.76 44.73 12.37 47.10 25.97 455.74 100.57 28.98 113.62 60.39
Cardiovascular (incstroke + Ml) 33.52 21.45 4.78 39.37 16.09 19.46 11.54 2.58 20.45 8.86 45.45 28.45 6.36 51.95 21.77
Common mental disorders 24.11 5.93 11.82 9.96 12.58 11.02 4.19 6.50 4.94 6.49 29.84 8.84 15.80 12.91 16.57
COPD 275.99 43.72 4.41 33.95 14.07 166.74 28.95 3.11 21.67 10.30 379.54 63.20 6.58 48.66 21.53
Asthma (children) 0.87 0.07 0.21 0.11 0.47 0.54 0.05 0.17 0.03 0.32 0.92 0.08 0.25 0.10 0.51
E Intervention cost¢£) £11,566 £12,316 £12,608 £12,658 £12,055 £8,804 £8,807 £8,777 £8,806 £8,775 £18,058 £18,825 £19,029 £19,241 £18,748
F Change in energy cos(g) -£9,217  -£9,881 -£9,259 -£10,588 -£8,787 -£7,687 -£7,556 -£7,776  -£7,447 -£7,976 -£15,375 -£15948 -£15,598 -£16,567 -£15,502
G Change in NHS health caests(£) -£236 -£114 -£24 -£196 -£81 -£139 -£63 -£13 -£103 -£45 -£321 -£153 -£33 -£260 -£110
Incremental costeffectiveness ratios (E/QALY)
NHS (G/ D) -£706 -£1,608 -£1,149 -£2,355 -£1,868 -£702 -£1,410 -£1,081 -£2,189 -£1,737 -£705 -£1,523 -£1,125 -£2,290 -£1,820
Government (incl NHS+LA) (E+G)/ £33,873 £171,452 £592,955 £149,417 £277,131 £43,818 £195,487 £708,765 £184,790 £336,141 £38,918 £185,648 £655,412 £167,049 £308,647
Householer (F/ D) -£27,555 -£138,836 -£436,308 -£126,959 -£203,376 -£38,870 -£168,931 -£628,833 -£158,119 -£307,096 -£33,737 -£158,567 -£538,142 -£145,807 -£256,712
Combined (E+F+G)/ D £6,318 £32,616 £156,646 £22,458 £73,755 £4,948 £26,556 £79,931 £26,671 £29,045 £5,181 £27,081 £117,270 £21,242 £51,935
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3.2 Uncertainty and s ensitivity analyses

3.2.1 Structural uncertainty

Structural uncertainty 1. Inclusion of ventilation -related health effects for energy
efficiency intervention

The base case was repeated but allowing for changes in dwelling ventilation dhe ihxreased
airtightness that would be expected following energy efficiency upgrades. This will affect various
indoor exposuresncluding indoor and outdoofgenerated PW, environmental tobacco smoke and
radon.Modelled estimates of the resulting changes in exposures, assuming no compensatory-purpose
provided ventilation, are shown iFable26.

Table 26- Modelled mean changes in indoor air egosures for different scenarios

Mean changes in environmental exposures

Target group: COPD Heart disease @ CMD Aggf\"seor Low income
Base case
Standardised internal temperature (°C +0.29 °C +0.35°C +0.26 °C +0.39 °C +0.23 °C
Mould (% MSI > 1) -0.46% -0.54% -0.38% -0.64% -0.33%
PM, ; from outdoorsourcegug/ m°) - - - - -
PM,;from indoorsourcegug/ m°) - - - - -
Environmental tobaccemoke* - - - - -
Radon(Bg/ m) - - - - -
Including ventilation changes
Standardised internal temperature (°C +0.32°c +0.37°c + 0.28°c +0.42°c +0.24°c
Mould (% MSI > 1) +1.00% +0.85% +1.02% +0.78% +1.26%
PM, . from outdoor source§ig/ m) -0.51 -0.52 -0.53 -0.53 -0.52
PM, - from indoor sourcefig/ m3 +0.65 +0.67 +0.67 +0.71 +0.69
Environmental tobacco smoke* +0.06 +0.04 +0.11 +0.04 +0.10
Radon(Bg/ m®) +5.69 +5.62 +6.08 +5.65 +6.49

* Units relative to national baseline =1

Including these ventilatiorrelated exposures leads to similar modest increases in the indoor winter
temperaturess in the base case scenatitowever there is now an increase in mould levels in the
housing stocksince the reduced ventilation outweighs the ineexh temperatures. The increased
airtightness protects against the ingress of externa);PMowever, our model suggests that this is
outweighed by increased BMfrom indoor sources (e.g. cooking) and therdghiss an increase in
average exposure overaBimilarly, exposures to ETS (in smoking households) and radon would be
likely to increase.
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Table 27 - Resultsof home energy efficiency interventiorwithout (base case) and withinclusion of vertilation -related health impactsover 42 years

All energy efficiency interventions All energy eff|C|en\(;)érl]rsﬁggloenr;tlons (with reduced
COPD Heart CMD Age 65+ Low COPD Heart CMD Age 65+ Low
42 yeartime horizon(per household) disease income disease income
A Number of gople 2.20 1.53 1.09 1.49 1.81 2.55 1.80 1.47 1.74 2.52
B Number of hterventions 1.77 1.78 1.84 1.78 1.80 1.77 1.78 1.84 1.78 1.80
C Change in energy demand (kWh/yr)  -6,175 -6,398 -6,345 -6,890 -5,720 -6,910 7,161 7,178 7,682 -6,463
D Total QALYS/ 16 334.49 71.17 21.22 83.40 43.21 315.64 57.04 13.03 54.66 16.85
Cardiovascular (incl Ml + stroke) 33.52 21.45 4.78 39.37 16.09 22.05 15.95 1.56 30.83 8.11
Common mental disorders 24.11 5.93 11.82 9.96 12.58 25.78 6.34 12.57 10.62 13.17
COPD 275.99 43.72 4.41 33.95 14.07 291.12 46.10 4.74 35.80 14.73
Asthma (children) 0.87 0.07 0.21 0.11 0.47 117 -0.41 -1.10 -0.14 -1.60
Cardiopulmonary - - - - - -16.66 -8.72 -3.27 -20.10 -13.49
Lung cancer - - - - - -5.47 221 -1.47 -2.35 -4.06
E Intervention costs (£) £11,566  £12,316  £12,608  £12,658  £12,055 £11,566  £12,316  £12,608 £12,658 £12,055
F  Change in energy costs (£) £9217  -£9,881 £9259  -£10,588  -£8,787 £10,418  -£11,135 -£10,563 -£11,899 -£10,059
G Change in NHS health care costs (£)  -£236 -£114 £24 £196 £81 £57 £26 £21 £38 £57
Incremental costeffectiveness ratios (E/QALY)
NHS (G/ D) -£706 -£1,608 -£1,149 £2355  -£1,868 -£180 -£458 £1,592 -£694 £3,360
Government (incl NHS+LA) (E+G)/ D £33873  £171,452  £592,955 £149,417 £277,131 £36,463  £215454 £969,315 £230,876 £718,808
Householer (F/ D) £27,555 -£138,836 -£436,308 -£126,959 -£203,376 £33,006 -£195205 -£810,785 -£217,692 -£596,977
Combined (E+F+G)/ D £6,318  £32,616  £156,646  £22,458  £73,755 £3,457 £20,249  £158,530 £13,184 £121,831
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The results demonstrate how important these ventilatedated outcomes may be (in particular over

the longer term) for bothhealth and the cosiffectiveness of energy efficiency measures. The
incrementalchange in QALYsremains positive because ofhe large impacts onCOPD due to
increa®d temperatures. However, the exact relationship between changes in indoor temperature and
COPD is highly uncertair(see 3.5 Interpretation of economic evidenc&Vithout the large COPD
impacts the change in QALYs over thperiod would belikely to be neative. Even under the
assumptions made here, for all target groups, the energy efficiency interventions becomes less cost
effective once ventilatiomelated changes are included.

Any change in ventilationis potentially important for healthHowever, the hlance between
potentially adverse and beneficial effects dependghmspecific characteristics dhe dwelling, its
location, and its occupantBor illustrative purposes, we have considered here an extreme scenario in
which no compensatory purpogeovided ventilation is installed in combination with the efficiency
measures. Although unrealistic, it has been used here to demonstrate the principle and the potential
issues. In reality, a level of additional ventilation is likely (though the exact levebmpensation is
uncertain).

Structural uncertainty 2:  Duration of CMD impacts

The base case results demonstrated that, under the assumptions used, the morbidity impacts make up
a substantial proportion of the total health impact. Hare alternativeassumptionhas beentested
regarding the persistence of CMD impacts over timkeen interventions are targeted at those with

CMD (that CMD impacts persist for the entire duration of the modelled time fraiited results
confirm, as expectedthat the interentionstargeted at CMDwould becomemore costeffective if
theseimpactsdid not diminishover time Table 28).
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Table 287 Resultsof interventions targeted atCMD

under different assumptions regarding persistence o€EMD impacts over 42 years

Home energy efficiency Fuel subsidy of £200 Home energy efficiency and

fuel subsidy of £200

42 yeartimehorizon (per household) Base cas€MD IncreasedCMD Base cas€MD IncreasedCMD Base cas€MD IncreasedCMD
A Number of pople 1.09 1.09 1.01 1.01 1.05 1.05
B Number of hterventions 1.84 1.84 0.99 0.99 2.49 2.49
C Change in energy deman(dWh/ yr) -6,345 -6,345 708 708 -4,658 -4,658
D Total QALYS/ 16 21.22 51.36 12.37 28.94 28.98 69.27
Cardiovascular (incl. heart attack + stroke) 4.78 4.78 2.58 2.58 6.36 6.36
Common mental disorders 11.82 41.95 6.50 23.07 15.80 56.08
COPD 4.41 4.41 3.11 3.11 6.58 6.58
Asthma (children) 0.21 0.21 0.17 0.17 0.25 0.25
E Intervention costs (£) £12,608 £12,608 £8,777 £8,777 £19,029 £19,029
F Change in energy costs (£) -£9,259 -£9,259 -£7,776 -£7,776 -£15,598 -£15,598
G Change in NH$iealth care costs (£) -£24 -£25 -£13 -£14 -£33 -£33
Incremental costeffectiveness ratios (E/QALY)
NHS (G/ D) -£1,149 -£A87 -£1,081 -£AT4 -£1,125 -£483
Government (incl NHS+LA) (E+G)/ D £592,955 £245,005 £708,765 £302,861 £655,412 £274,234
Householer (F/ D) -£436,308 -£180,289 -£628,833 -£268,716 -£538,142 -£225,176
Combined (E+F+G)/ D £156,646 £64,716 £79,931 £34,145 £117,270 £49,058
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Structural uncertainty 3: Loss of life expectancy for cold-related deaths

Analysis of modelled changes in lilxpectancyunder different assumptions about the concentration

of CVD risk in the populationvas presented earlier ifable 16, demonstrating howoncentrating

CVD risk in an increasingly small population subgroup wouktuce the life expectancy of those
people, relative to average life expectancy. We tested the sensitivity of the base case results to different
sizes of 't hi s to&dldirgabed caido\kasdcular deanfiigble 29to Table31). The overall

QALYs appear to be relatively insensitive to these assumptions.
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Table 297 Results of interventions with 10% of population assumedo be até h i g h

r i selatéd dardiovasculaddeathover 42 years

All energy efficiency interventions

Fuel subsidy of £200

COPD Heart CMD Age 65+ Low COPD Heart CMD Age 65+ Low
42 yeartime horizon(per household) disease income disease income
A Number of gople 2.20 1.53 1.09 1.49 1.81 1.97 1.39 1.01 1.40 1.59
B Number of hterventions 1.77 1.78 1.84 1.78 1.80 1.00 1.00 0.99 1.00 0.99
C Changein energy demand (kWh/ yr) -6,175 -6,398 -6,345 -6,890 -5,720 784 866 708 936 556
D Total QALYS/ 16 317.73 60.44 18.83 63.71 35.16 188.03 38.96 11.07 36.87 21.54
Cardiovascular (incl Ml + stroke) 16.76 10.73 2.39 19.69 8.04 9.73 5.77 1.29 10.23 4.43
Common mental disorders 24.11 5.93 11.82 9.96 12.58 11.02 4.19 6.50 4.94 6.49
COPD 275.99 43.72 4.41 33.95 14.07 166.74 28.95 3.11 21.67 10.30
Asthma (children) 0.87 0.07 0.21 0.11 0.47 0.54 0.05 0.17 0.03 0.32
E Intervention costs (£) £11,566 £12,316 £12,608 £12,658  £12,055 £8,804  £8,807  £8777  £8,806  £8,775
F  Change in energy costs (£) £9,217  -£9,881  -£9,259  -£10,588  -£8,787 £7,687  -£7,556  -£7,776  -£7,447  -£7,976
G Change in NHS healtbare costs (£) £156 -£63 £13 -£103 £42 £92 -£36 £7 -£55 -£24
Incremental costeffectiveness ratios (E/QALY)
NHS (G/ D) £491 £1,047  -£686 £1616  -£1,207 £491 -£912 -£649 £1,480  -£1,116
Government (incl NHS+LA) (E+G)/ D £35911 £202,723 £668,861 £197,049 £341,624 £46,333 £225137 £792,051 £237,363 £406,239
Householer (F/ D) -£20,008 -£163,473 -£491,714 -£166,186 -£249,905 -£40,882 -£193,943 -£702,231 -£201,977 -£370,243
Combined (E+F+G)/ D £6,003  £39,251 £177,147 £30,864  £91,719 £5451  £31,194 £89,820 £35386  £35,996
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Table 307 Results of interventions with 5% of population assumedo be até hi g h

r i selatéd dardiovasculaddeathover 42 years

All energy efficiency interventions

Fuel subsidy of £200

COPD Heart CMD Age 65+ Low COPD Heart CMD Age 65+ Low
42 yeartime horizon(per household) disease income disease income
A Number of gople 2.20 1.53 1.09 1.49 1.81 1.97 1.39 1.01 1.40 1.59
B Number of hterventions 1.77 1.78 1.84 1.78 1.80 1.00 1.00 0.99 1.00 0.99
C Changein energy demand (kWh/ yr) -6,175 -6,398 -6,345 -6,890 -5,720 784 866 708 936 556
D Total QALYS/ 16 313.71 57.87 18.26 58.99 33.23 185.69 37.58 10.76 34.41 20.48
Cardiovasculatincl MI + stroke) 12.74 8.15 1.82 14.96 6.11 7.39 4.38 0.98 7.77 3.37
Common mental disorders 24.11 5.93 11.82 9.96 12.58 11.02 4.19 6.50 4.94 6.49
COPD 275.99 43.72 4.41 33.95 14.07 166.74 28.95 3.11 21.67 10.30
Asthma (children) 0.87 0.07 0.21 0.11 0.47 0.54 0.05 0.17 0.03 0.32
E Intervention costs (£) £11,566 £12,316 £12,608 £12,658  £12,055 £8,804  £8,807  £8777  £8,806  £8,775
F  Change in energy costs (£) £9,217  -£9,881  -£9,259  -£10,588  -£8,787 £7,687  -£7,556  -£7,776  -£7,447  -£7,976
G Change in NHS health care costs (£) £137 £51 -£10 -£81 £33 £81 -£29 -£6 -£43 £19
Incremental costeffectiveness ratios (E/QALY)
NHS (G/ D) -£436 -£881 -£557 £1,365  -£1,000 -£437 £770 £529 £1,247  -£927
Government (incl NHS+LAJE+G)/ D £36,433 £211,953 £690,037 £213212 £361,748 £46,975 £233,607 £815017 £254,630 £427,575
Householer (F/ D) £29,380 -£170,745 -£507,171 -£179,496 -£264,424 -£41,396 -£201,088 -£722,470 -£216,382 -£389,463
Combined (E+F+G)/ D £7,053  £41,209 £182,866 £33,716  £97,324 £5579  £32,519 £92547 £38248  £38,111
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Table 317 Results of interventions with 1% of population assumedo be até hi g h r i selatéd cardiovasculaddeathover 42 years

All energy efficiencyinterventions Fuel subsidy of £200
COPD Heart CMD Age 65+ Low COPD Heart CMD Age 65+ Low
42 yeartime horizon(per household) disease income disease income
A Number of gople 2.20 1.53 1.09 1.49 1.81 1.97 1.39 1.01 1.40 1.59
B Number of interventions 1.77 1.78 1.84 1.78 1.80 1.00 1.00 0.99 1.00 0.99
C Changein energy demand (kWh/ yr) -6,175 -6,398 -6,345 -6,890 -5,720 784 866 708 936 556
D Total QALYS/ 16 308.01 54.22 17.44 52.30 30.50 182.38 35.61 10.32 30.94 18.97
Cardiovascular (incl MI + stroke) 7.04 4.50 1.00 8.27 3.38 4.09 2.42 0.54 4.30 1.86
Common mental disorders 24.11 5.93 11.82 9.96 12.58 11.02 4.19 6.50 4.94 6.49
COPD 275.99 43.72 4.41 33.95 14.07 166.74 28.95 3.11 21.67 10.30
Asthma (children) 0.87 0.07 0.21 0.11 0.47 0.54 0.05 0.17 0.03 0.32
E Intervention costs (£) £11,566 £12,316 £12,608 £12,658  £12,055 £8,804  £8,807  £8777  £8,806  £8,775
F  Change in energy costs (£) £9,217  -£9,881  -£9,259  -£10,588  -£8,787 £7,687  -£7,556  -£7,776  -£7,447  -£7,976
G Change in NHS health care costs (£) £110 -£34 £6 -£49 -£20 -£65 -£20 -£4 -£26 £12
Incremental costeffectiveness ratios (E/QALY)
NHS (G/ D) -£356 -£619 -£360 -£932 -£663 -£359 -£550 -£348 -£854 -£623
Government (incl NHS+LAJE+G)/ D £37,195 £226,529 £722,422 £241,108 £394,620 £47,914 £246,734 £849,913 £283,781 £461,894
Householer (F/ D) -£20,923 -£182,228 -£530,809 -£202,469 -£288,140 £42,147 -£212,162 -£753,223 -£240,701 -£420,379
Combined (E+F+G)/ D £7271  £44301 £191,613 £38,639 £106,480 £5767  £34,573 £96,690 £43,080 £41,514

63



3.2.2 Deterministic s ensitivity analys es

In the following sensitivity analyses, we do not tabulate all combinations of interventions, target
groups and time frames ipach case but show illustrative examples to demonstrate the general
patterns.

Deterministic s ensitivity 1: [Inclusion of solid wall insulation in home energy
efficiency intervention

Since solid wall insulation is relatively more expensive than the othedelled energy efficiency
measures, the base case energy efficiency intervention was repeated but with solid wall insulation
omitted. The results suggest that the intervention would indeed become marginally more cost
effective without this measur@dble32).
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Table 327 Base case home energy efficiency intervention results with and withotrtclusion of solid wallinsulation over 42 years

All energy efficiency interventions

Energy efficiency interventionsexcluding solid wall

insulation
COPD Heart CMD Age 65+ Low COPD Heart CMD Age 65+ Low
42 yeartime horizon(per household) disease income disease income
A Number of gople 2.20 1.53 1.09 1.49 1.81 2.27 1.46 1.09 1.46 1.74
B Number of hterventions 1.77 1.78 1.84 1.78 1.80 1.61 1.59 1.61 1.61 1.61
C Change in energy demand (kWh/ yr) 6,175 -6,398 -6,345 -6,890 5,720 -4,968 -4,976 -4,775 -5,432 -4,455
D Total QALYS/ 16 334.49 71.17 21.22 83.40 43.21 273.56 57.70 16.25 67.15 36.54
Cardiovascular (incl Ml + stroke) 33.52 21.45 4.78 39.37 16.09 27.28 16.77 3.73 31.20 13.15
Common mental disorders 24.11 5.93 11.82 9.96 12.58 15.41 5.03 9.02 7.33 10.29
COPD 275.99 43.72 4.41 33.95 14.07 229.95 35.82 3.34 28.50 12.64
Asthma (children) 0.87 0.07 0.21 0.11 0.47 0.92 0.08 0.15 0.12 0.46
E Intervention costs (£) £11,566 £12,316 £12,608 £12,658  £12,055 £0,234  £9,628  £9576  £10,029  £9,405
F  Change in energy costs (£) £9,217  -£9,881  -£9,259  -£10,588  -£8,787 £7,341  -£7,403  -£6,915  -£8,156  -£6,689
G Change in NHS health care costs (£) £236 £114 -£24 £196 -£81 -£193 -£90 £19 -£156 -£66
Incremental costeffectiveness ratios (E/QALY)
NHS (G/ D) £706 £1,608  -£1,149  -£2,355  -£1,868 -£707 £1558  -£1,168  -£2,324  -£1.814
Government (incl NHS+LA) (E+G)/ D £33,873 £171,452 £592,955 £149,417 £277,131 £33,048 £165,323 £588,044 £147,025 £255,556
Householer (F/ D) -£27,555 -£138,836 -£436,308 -£126,959 -£203,376 £26,836 -£128,319 -£425437 -£121,455 -£183,046
Combined (E+F+G)/ D £6,318  £32,616 £156,646 £22,458 £73,755 £6,211  £37,004 £162,607 £25570 £72,511
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Deterministic s ensitivity 2: Baseline energy efficiency (low SAP)

The base case analysis was repeated but targeted only at eneffigient dwellings, identified as
being in the lowest quartile of SARting. The results are presented Table 33 In general, the
modelled temperature increases achieved through energy efficiency interveifidionise energy
inefficient dwellings were greater than those for the genstatk (not tabulated)As such, the
interventions appear to be more cesfective when targeted at low energy efficiency dwellings.
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Table 337 Base case results targeted at low energy efficiency dwellin¢SAP < 30)over 42 years

All energy efficiency interventions

Fuel subsidy of £200

COPD

Heart

CMD

Age 65+ Low COPD Heart CMD Age 65+ Low
42 yeartime horizon(per household) disease income disease income
A Number of gople 1.81 1.42 1.38 1.39 1.61 1.70 1.19 1.18 1.29 1.30
B Number of hterventions 2.63 2.94 3.31 2.63 2.88 0.99 1.00 1.00 0.99 0.99
C Changein energy demand (kWh/ yr) -7,625 -9,843 -10,459 -10,049 -7,092 770 812 949 803 519
D Total QALYS/ 16 603.38  139.59 64.27 154.53 102.28 174.05 33.23 13.08 31.72 18.29
Cardiovascular (incl Ml + stroke) 61.36 46.06 19.57 74.88 39.44 17.38 8.15 3.12 13.43 6.87
Common mental disorders 23.30 0.00 43.09 29.07 51.57 4.63 0.00 9.08 3.55 8.03
COPD 518.72 93.54 1.60 50.58 11.26 152.05 25.08 0.88 14.75 3.39
Asthma (children) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
E Intervention costs (£) £20553  £25627 £24,133  £24,048  £22,347 £8,791  £8,807  £8816  £8,792  £8,773
F  Change in energy costs (£) -£18,074 -£24,280 -£18,847 -£23,483 -£18,011 £7,328  -£7,194  -£7274  -£7,152  -£7,749
G Change in NHS health care costs (£) -£436 -£245 -£96 -£370 £192 -£125 -£46 £15 -£68 -£34
Incremental costeffectiveness ratios (E/QALY)
NHS (G/ D) £722 £1,756  -£1,488  -£2,396  -£1,877 £717 £1,376  -£1,179  -£2,137  -£1,844
Government (incl NHS+LA) (E+G)/ D £33,340 £181,824 £374,027 £153,227 £216,618 £49,792  £263,706 £672,637 £275000 £477,924
Householer (F/ D) -£20,954 -£173,936 -£293,261 -£151,969 -£176,106 £42,102 -£216,522 -£555,998 -£225,444 -£423,760
Combined (E+F+G)/ D £3387  £7,888  £80,767 £1,258  £40,513 £7,6900  £47,184 £116,639 £49556  £54,163
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Deterministic s ensitivity 3: Level of subsidy in fuel subsidy  intervention

The base case fuel subsithtervention was repeated but with the amount of the subsidy decreased to
£100 and increased to £200aple 34). The QALYs increased and decreased approximately in
proportion to the amount of the subsidy and, hence, so did ICERs.
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Table 347 Base case fuel subsidy intervention results for £100 and £400 subsidoagr 42 years

Fuel subsidy of £100

Fuel subsidy of £400

m

COPD Heart CMD Age 65+ Low COPD Heart CMD Age 65+ Low

42 yeartime horizon(per household) disease income disease income

A Number of gople 2.02 1.43 1.05 1.44 1.66 1.85 1.36 0.96 1.36 1.48

B Number of hterventions 1.00 1.00 0.99 1.00 0.99 1.00 1.00 0.99 1.00 0.99

C Changein energy demand (kWh/ yr) 421 457 381 488 306 1,307 1,504 1,164 1,653 884

D Total QALYS/ 16 111.56 25.31 6.99 25.98 15.29 303.05 69.32 18.93 74.57 36.39
Cardiovascular (incl MI + stroke) 10.90 6.36 1.44 11.08 5.07 30.06 18.54 4.02 33.53 13.10
Common mental disorders 6.28 2.40 3.71 2.68 3.85 17.14 6.42 9.71 8.06 9.06
COPD 94.03 16.50 1.74 12.21 6.18 255.09 44.30 5.01 32.92 13.82
Asthma (children) 0.35 0.05 0.11 0.01 0.18 0.76 0.05 0.19 0.06 0.40

E Intervention costs (£) £4,402  £4,403  £4,389  £4,403  £4,387 £17,608 £17,614 £17,555 £17,612  £17,550
Change irenergy costs (£) £3,803  -£3,745  -£3,850  -£3,696  -£3,949 £15,737 -£15425 -£15898 -£15,195 -£16,268

G Change in NHS health care costs (£) -£78 £35 £7 -£56 -£26 -£214 -£101 £21 -£168 -£66
Incremental costeffectiveness ratios (E/QALY)
NHS (G/ D) -£698 £1,379  -£1,065  -£2,154  -£1,695 -£705 £1,453  -£1,099  -£2,257  -£1,823
Government (incl NHS+LA) (E+G)/ D £38,761 £172,588 £626,627 £167,332 £285,313 £57,398 £252,637 £926,032 £233,914 £480,452
Householer (F/ D) -£34,089 -£147,943 -£550,666 -£142,274 -£258,331 £51,928 -£222,524 -£839,645 -£203,756 -£447,060
Combined (E+F+G)/ D £4,671  £24,646 £75961 £25058  £26,982 £5470  £30,113 £86,387 £30,158  £33,391
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Deterministic s ensitivity 4. Discount rate of 3.5%

The base case scenarios were repeated with the discount rate for all costs and QALYs increased from
1.5% to 3.5%. Coseffectiveness is reduced considerably for the home energy efficiency intervention in
this alternative scenaridréble 35). However, the fuel subsidy remains relatively unchanged despite

the reduced intervention cost.
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Table 357 Base case results with discountte increased to 3.5% for all costs and benefitever 42 years

All energy efficiency interventions

Fuel subsidy of £200

COPD Heart CMD Age 65+ Low COPD Heart CMD Age 65+ Low
42 yeartime horizon (per household) disease income disease income
A Number of gople 2.20 1.53 1.09 1.49 1.81 1.97 1.39 1.01 1.40 1.59
B Number of hterventions 1.77 1.78 1.84 1.78 1.80 1.00 1.00 0.99 1.00 0.99
C Change in energy demar(iWh/ yr) -6,175 -6,398 -6,345 -6,890 -5,720 784 866 708 936 556
D Total QALYS/ 16 238.99 51.03 15.22 60.32 30.64 141.46 32.10 8.88 34.11 18.43
Cardiovascular (incl MI + stroke) 22.78 15.32 3.04 28.69 11.16 13.38 8.25 1.66 14.97 6.14
Common mentadlisorders 17.32 4.26 8.86 7.16 9.04 7.91 3.01 4.87 3.55 4.66
COPD 198.26 31.41 3.17 24.39 10.11 119.78 20.80 2.24 15.57 7.40
Asthma (children) 0.62 0.05 0.15 0.08 0.34 0.38 0.04 0.12 0.02 0.23
E Intervention costs (£) £14,499 £15491  £15970  £15936  £15264 £6,248  £6250  £6,230  £6,250  £6,228
F  Change in energy costs (£) £6,541  -£7,013  -£6,571 £7,515  -£6,237 £5456  -£5363  -£5519  -£5285  -£5,660
G Change in NHS health care costs (£) -£164 -£82 £16 £143 -£56 -£97 -£45 £9 -£75 £31
Incremental costeffectiveness ratios (E/QALY)
NHS (G/ D) -£684 £1,603  -£1,028  -£2373  -£1,831 -£685 £1,407  -£973 £2211  -£1,700
Government (incl NHS+LA) (E+G)/ D £50,981 £301,954 £1,048,328 £261,814 £496,273 £43487 £193,320 £700,213 £181,018 £336,237
Householer (F/ D) -£27,370 -£137,413 -£431,802 -£124,579 -£203,513 -£38,566 -£167,069 -£621,162 -£154,948 -£307,149
Combined (E+F+G)/ D £32,611 £164,540 £616,526 £137,235 £292,760 £4,921  £26250 £79,051 £26,070  £29,088
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3.2.3 Probabilistic sensitivity analysis

The results of the probabilistic sensitivity analyses are presented b&lsvanalyesfocused on a
single target group, chosen to be households with occupants aged >64 years. The intesvention
examined include all major energy efficiency retrofits (loft and wall insulation, double glazing
upgrade, condensing boiler and gas central heating installation), where eligible.

In each analysis, two plots are shown. The first shows the scatter ptheahcremental costs and
incremental benefits irthe costeffectiveness planeThe second plot shows the cedfectiveness
acceptability curve (CEAC) which is the probability that the intervention is-effettive at different
willingness to pay threshtils. In general, one expecthe boundary of the scatter plots to be
ellipsoidal and the axes of the ellipse not to be perpendicular to the axes of theffeosteness
plane. Howeverin situations where the uncertainty in the parameters in the Montle €ianulations

are represented by symmetrical distributiqgasch as normal and uniform distributigremd the cost

and costeffectiveness calculations are approximately linear in the range analysed, the boundaries of
the scatter plots tend to be nearigcalar.

NHS perspective

Here, there are no interventions costs, only reduced health care costs, so ICERs are all rregatie.
5 shows the results of the simulati and the willingness to pay and its probability of being cost
effective as both 1 (i.e. always being cost effective as the costs are negative).
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Figure 51 Incremental costeffectiveness scatterplots and costffectiveness acceptability curves for NHS
perspective

Govermment (including NHS andlocal authorities) perspective

Figure 6 shows that a willingness to pay o130,M0 offers a 50% probability of being cesffective,
with a tight range of +/ £15,000 within 5% and 95% probdlly of being costeffective. In this
situation, the costs are assumed to accrudedHS and bcalauthorities
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Figure 6 - Incremental costeffectiveness scatterplots and costffectiveness acceptability curves for
Govemment (including NHS and local authorities) perspective

Householder perspective

In this stuation,costs are assumed to accrughle householder in terms of energy savings but there is

no associated intervention cost, since the householder receives a complete subsidy for the cost of the

intervention. The coseffectiveness ratio is negativend the acceptability curve is always equal to 1

(Figure?).
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Figure 7 - Incremental costeffectiveness scatterplots and costffectiveness acceptability curves for

Householder perspective

Combined (Government + householderperspective

Figure 8 shows that a willingness to pay o1E£M0 offers a 50% probability of being cesffective,
with a tight range of +/ £15000 within 5% and 95% probability of being cesffective. In this
situation, thanterventioncosts are assumed to accreeatnumber of different parties (including local
government) and NHS cost savings and household energy savings are also included
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Figure 8 - Incremental costeffectiveness scatterplots and costffectiveness acceptability curve for Combined
(Govemment + householder) perspective

3.3 Validation

The outputs of the economic model have been validated in various whgsnodelled estimates for

the base case energy performance were compared against observed national and sample stock
distributions to check the accuracy of the model outputs, Tsede 36 (Hong et al., 2006, 2004;
Oreszczyn et al., 2006a, 2006b; Stephen, 1988 modelled average dwelling fabric heat loss is 274
W/ K and is greater than both &/m Front and national modelled estimates, 18% and 25%
respectively(DECC, 2012b; Hong et al., 2006Jhe modelled average heat system efficiency is 76%
compared to national estimates of 74%iley and Shorrock, 2008)

The modelled average English dwelling permeability is 1%m hr' compared to 17 Am2?hr?in

Warm Front and 14 Am=2hr? from an observed national survéiong et &, 2004; Stephen, 1998)

The modelled English dwelling exposure concentrations (ETS,;PMdon, temperature and mould)
were compared with relevant observed surveys and found to be very close or within a range in all
cases but mould, s€able 37 (Dimitroulopoulou et al., 2006; Gray et al., 2009; Hanninen et al., 2004;
ONS, 2008; OPDM, 1998; Oreszczyn et al., 2006a, 2086buy bsole et al., 2012)

Table 36- Comparison of modelled English housing stock building performance and values from Warm Front
and national estimates (DECC) andsurveys(Stephen, 2000)

Modelled Warm Front 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 n°m~2hr?) 13.8 17.2 Hong et al. 2006 13.9 Stephen2000

Note:®*Warm Front Study

Table 37 - Comparison of modelled English housing stock exposure concentrations and observed survey or

estimates of concentrations in houses

Exposures

Modelled

Comparison

Source

Temperature living room (°C)

18.6

17.9-19.1

Hong et al. 2006, OPDM 1998
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Temperature bedroom (°C) 171 15.9- 185 Hong et al. 2006, OPDM 1998
Hanninan et al. 2004, Dimitroupolot

Indoor PM, 2 (¢ gm?) 17 17-25 et al. 2006
Indoor PM,° 10.9 9.3* Shrubsole et al. 2012
Outdoor PM 4 6.1 6.1* Shrubsole et al. 2012
Radon (Bg/ m) 26.2 21 Gray et al. 2009
Mould (% with MSI >1) 115 14.6-21.2 OPDM 1998, Oreszczyn et al. 2006
% of homes with smoker 21.2 21 ONS 2008

Note: a) Weighted average values of kitchen (1d&)nge (45%) and bedroom (45%); b) Indoor source:
PM, . relate to cooking only with an emission rate ofd.§min; *Indicates modelled estimate.

The exposure pollutant mod€IONTAM has been validated throughout its developm@&m merich,
2001)for use in multizonal airflow and contaminant modelling. The stdekel exposures derived by
the modelare validated where possible against measurements of exposuresingligh stock. The
distribution of radon exposures is scaled by adjusting tfopprtion of the stock in regions with low,
medium, and high radon emission rates to matchdik&ibution evaluated byGray et al., 2009)The
proportion of the modelled stock with a mould severity index greater thas similar to that
measured in dwellings as part of the Warm Front St¢@dseszczyn et al., 2006land the modelled
stocklevel PM, concentration is in broad agreement with measured vgld@aninen et al., 2004)

3.4 Interpretation of economic evidence , including subgroup analysis

The modelling of the health impact of home energy efficiency measures and their economic
assessment relies on a chain mbdels eachof which has multiple assumptions and sources of
uncertainty. Results should therefore be interpreted as indicative only antbsh cases are more
interpretable with respect to the relative patterns of change than for the absolute estimates of impact
and cost.

3.4.1 Home energy efficiency
The key results of the home energy efficiency intervention are as follows:

0 With regard to targéng, households containing at least one person with COPD or at least
onepersonwith heart disease represent fairly small targepulations(1 million and 1.8
million dwellings respectively, while households containing someone with CMD
representaround 3.6 million homes Households containing at least one person aged 65
years or more and those in the bottom quintile of the household income distribution
represent appreciably larger targgtoups 4.9 and3.4million dwellings, respectively). It
is worth roting that these target groups are not fixed in relation to the dwelBagple
moving home, the aging of families within a givéiome and changes in health status
over time mean that interventions targeted at dwellings occupied by a household with
relevant characteristics over time will become mismatched to the original ta@yet.
modelling does not explicitly allow for the effect of people moving hoihee targeting of
homes occupied by someone wi@MD is likely to be especially problematic, as the
nature of CMD means that the affected population will change over tMogeover, it is
probably hardest to identify homes occupied by someone with CMD, especially given the
fluctuating nature of the disorder.
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(2) The cost of interventions, if applied to all @llings in the target groups, would represent
very large investments nationally, ranging from arowiid! billion for the upgradesef all
homes occupied by at least one person WitBPD, to almost £7.8illion for all homes
containing at least one persoarcently aged 65 years or more.

3 The specification here was the installation of all home energy efficiency measures in
eligible homes, meaning that all possible upgrades (loft insulation, double glazing, etc
were carried out in target dwellings where tBeglish Housing Survey indicated there
was potential to do so. Despite this, the model estimates of the increaskein
standardizd indoor temperature (SIT) were fairly modestanging from B3 °C (for
homes in the bottom quintile of the income distribution) t890C for homes occupied by
at least one household memhbaged 65 years or mor&ghese modest rises are predicted
from the empirical relationship between SIT and whole dwellingakie,which suggests
that at energy efficiency levels better than (i.e. below) around BOX, further
improvement in energy efficiency does nr@sult in an increase in SITn the 2010 EH S,
we estimatehatar ound 44% of dwel l i ngsobamdrfe thanino eady a
increase in temperature is estimatedh additional energy efficiency measuré®r other
households individual energy efficiency measures have relatively small impact on the SIT
(fractions of a degree Celsius), and few homes are deficiemultiple aspects of energy
efficiency. The net result is a limited impact on temperature increases (and
proportionately also on the mould index) with correspondingly modasgtaict on most
health outcomedzrom an equity point of view, it is interestj to note that the smallest
temperature rises are prieted for homes on low income.

4) The distribution of impacts on health show that the largest gains at@@&D and heart
disease, with generallymsallerimpacts on CMDand smallst of all on childhood sthma.
Although CMD has a high prevalence, the modest impact in the scenarios raffacty
high utility weighting(i.e. small deficit) and our assumptions to reflect thet that CMD
is not usually a lifelong conditiarThe changing pattern of illneover time (coupled with
the unmodelled effect opeople changindhomes) means that the protectibenefit of
energy efficiency should be lower, at least in the scenario which specifically targets people
with CMD. The small impact on childhood asthma lahgreflects that all of the target
populations, with the exception of low income households, are relatively old, and few of
their households cttain young childrenWe also assume that any adverse effect on
childhoodasthma reduces to zeathoveage 16 yars.

(5) Becausethe health impacts in these scenarigghere no ventilation change is assumed)
are all beneficial, the net change in healthcare costs, covering GP consultations and
hospital admissionsis alsonegative (e. cost saving The health care cost saving per
dwelling or person is smallest for the scenario that targets people with CMD, and
relatively larger for hose withCOPD, orheart disease gpersons aged 65+ yearbhey
are relativelymore modest for households in the ottt quintile of household income.

3.4.2 Fuel subsidy
The key results of the fuel subsidy intervention are as follows:

(6) The results for the £200 fuel price subsidy broadly mirror those for energy efficiency
investmentsin relative terms as the target groups areettsame but the temperature
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impacts are more modest (rangifrgm 0.13 °C for low incomehouseholdsto 0.24 °C for
households containing at least omember aged 65 years or moréhese changes atess
than those seen with the energy efficiency investritsge with corresponitigly small
impacts on healthThey would of course be greater witHaager subsidy.

@) The scenario we tested with a subsidy of £200 is an arbitrary figure, but the same as that
currently paid und e Wintérhuel PAyKerngcheneerfar soenaond s
born on or before 5 January 1982ing on their own.This would buy the equivalent of
around 4000 kw.hr of heating energy at £0.05 per ufn#ll were spent in improving
indoor heating.The improvements in temperature and health liemannot be directly
scaled by the level of subsidy, as temperature rises will be limited by theaplaffect at
around 18.4 °CHowever,as a first appoximation, doubling the subsidy nearly doubles
the health benefitin particular for the least engy efficiency dwellingqTable 34).

3.4.3 Cost-effectiveness

Summary estimates of input and output cqeshouseholdnd the associated cesffectiveness ratios

from different perspectivef®r the base case analysise summaried inTable24and Table25. Again,

it is import to emphasize that these ehtarge uncertaintiesand should bénterpreted as indicative

only. Note also that the main results based on temperature change alone do not include any effects of
ventilation change, which may have substantial impact even if the intention is to prewvifigent
purposeprovided ventilation (trickle vents and the like) to ensure no ovetainge(see sensitivity
analysey Moreover, no allowance has been made for the frequency with which people move home,
which will further downgrade the relative beitsfof interventions targeted at specific population
groups.

With regard to targeting, interventions aimed at adults wi®@PD appear to have the greatest
impact. However, these results are highly dependent on the assumed risk reduction of COPD
morbidity with a warmer homeWe found it difficult to identify a robust estimate of such risk
reduction.Intervention based studies in the URsman et al., 2008)rovide no clear evidence of
benefit, but evidence from New ZealantHowdenChapman et al., 2007 particular suggests
relatively large impacts, though New Zealand housim@ppreciablydifferent from that in the UK

Our eentral estimate of a relative risk of 0.9 for a ol&increase inSIT represents a compromise

between limited UK evidence and less relevant (to England) New Zealand TheeaCOPD results
should be treated very cautiouslgnd may not be nearlgs favourable as the tabulated figures
suggest

Interventions aimed at people witbMD are relatively modest despite the high prevalence of CMD.
This is partly explained byhe small quality of life impact and partly bygur assumption of a high
recovery rate in whais a naturally fluctuating disease which is often responsive to treatonaart
months The literature suggests that the majority of people with clinical symptoms of deprefsion
example,recover within 12 months or so, but may suffer recurrent bouth wimedian of around

four or five episodes over a lifetimgRichards, 2011)To allow for this, we assumed that the
prevalence of CMD in those initially targeted because they had CMD would fall to 50% after one year
and 25% after two years, and themmr&in at this underlying leveThese are not precise estimates, but
they are designed to lead to a high average prevalence rate among this targeted population, and to
reflect the fact that the benefits to symptom reduction will be reduced because ofitheafing
nature of the disease. The impact of targeting households on the basis of someone with CMD
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symptoms is correspondingly reduced, therefdlewever, this argument does not apply to other
population samples because, on average, those who recarernfrental illness will be balanced by
others who develop ifThere is an argument that all households benefit because of improvements in
mental wellbeing short of changes to recognized clinical symptoms (e.g. simple thermal comfort), but
the quantificatiom is based on estimates of changes to mild clinical disease.

The benefitsof interventions targeted at the households containing somaged 65 years or more
seem generally larger than interventions targeted at the bottom quintile of in€bmeén partreflects
the higher underlying rates of relevant clinical conditions at older ,aggether with slightly greater
temperature changes

The total costs of intervention are broadly similar for all energy efficiency interventions (including
solid wall insuldion) and fuel subsidy at £200 per household a y@dote that the fuel subsidy is
assumed to increase in proportion to fuel price inflation over time, which means the total cost over
five years is greater than £1000, for examplowever, it is importahto note that the costs of energy
efficiency intervention are based on the accumulation of annualized costs over the relevant time
horizon.Unless there is a suitable financing option, the reality is that householders or other funders
would have to covethe whole capital cost at the outset (recall that our scenarios assume immediate
implementation at time zero), and if the household moves away or household members die before the
end of theassessmentime horizon, the ratios of costs to benefits for thesitl be correspondingly
poorer.

Energy efficiency interventions reduce energy costs (and unquantified é@d@ssions) but fuel
subsidies increase them, though by less than the cost cfuthgidy The appreciable energy savings
with energy efficiency interentions make a substantial contribution to improving cost effectiveness
ratios.

Finally, the sensitivity analyses suggested that the interventions are likely to become more cost
effective when targeted at homes in the stock with poor energy efficienay S®P) and (to a lesser
extent) when solid wall insulation is not included as part of energy efficiency upgrades.

Incremental ¢ ost-effectiveness ratios

Incremental osteffectiveness ratos are generally better overy®ar timehorizons than over 42 year

time horizons for interventions targeted at households containing one or more member with a target
disease (COPD, CMD, heart diseasApain, this is primarily due to the fact that in this work
intervention costs have been annigall. Clearly if energy efficiency installation costs were
experienced o6up front 6, this would nterk.dHoveeuec, it i nt er
alsoin part reflectsghe fact that the number of people with those target diseases at the dedtees

over ti me as people di e or recover Hoaflpasehmldswe don
containing someone aged 65 years or more, theeffsttiveness ratios are generally better over the

longer time horizon, which may in part reflect an effeof further ageing over time, with
corresponding increases in underlying population mortality rafée pattern for low income
households is not consistently better or worse with the longer time horizon.

If the NHS does not contribute to the cost ofeintention, the coseffectiveness ratios from an NHS
perspective are all negative, as the NHS is a beneficiary from reduced health carelfctss.
Government (includindNHS and/ or locahuthoritieg do contribute to the intervention costs, the eost
effectiveness ratios(iptervention + health care co3€QALYs) are relatively high for all forms of
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interventions and targeting, with the exception of the highly uncertain COPD target group.

The results for the householder perspective (assuming here thatdindl householders are not
paying for energy efficiency interventions) demonstrate the large additional benefits gained by
reduced fuel bills. In the case of energy efficiency, the interventions reduce energy usbeand
resultingenergy cost savings largely offset the intervention cdosts. fuel subsidy, although more
energy is used overall, there is a net energy cost saving due to the £200 p al/ieerdtios seem not

so favourable for energy efficiency interventions targetedClttD (largely because of the assumed
recovery rate in clinical disease) or atM income households in general

Overall, the fuel subsidyat the starting level of £200 per household per year, gives slightly smaller
temperaturaelated impacts than energfficiency interventions because of the smaléssociated
average temperature improvemewlithout the saving in energy use, the ceffectiveness ratios for

fuel subsidy are poorer than for energy efficiency interventions, and generally are not faleoimrab
absolute terms with the possible exception of the scenario targeted at households containing at least
one person with COPDt can be concluded that energy efficiency intervention is generally better than
fuel subsidy if the costs of the interventi@amd energy use are countddowever, in circumstances
where a householder has comparatively short life expectancy or expects to move home soon, fuel
subsidy may be a preferable option than the investment of the cap#sl for that household (though
sulbsequent inhabitants would benefit from any energy efficiency intervention).

3.5 Limitations

As with all models, the economic modelling entails multiple assumptions and uncertainties related to
both the input parameters and the quantified estimates. Whilst gffeat has been employed to test

the model, given its complexity, some limitations around uncertainty remain.

3.5.1 Overview of limitations

There are uncertainties related to the data inputs and model estimates. The underlying data used in
the model is basednothe EHS, whichis statistically representative of the English housing stock. The
conversion process of the EHS into an input buildings physics dataset includes a number of
assumptions that increase the uncertainty of the modelling.ibigossible toprovide a detailed

survey of all aspects of such uncertainty, blu¢ table below lists each of the key components that
feed in to the impact calculation and summarizes, using a simple scoring system, the level of certainty
associated with each, withbaief explanationTable38).

Table 387 Summary of key limitations

Area of Parameter Certainty in  Comment
estimation response or
relationship
Population data Sample +++ Data are based on dwellings and their inhabitants in
representativenes English Housing Survey.
Building Changes in ++ Reasonably good for thermal characteristics, but the
characteristics  building relationship between energy efficiency interventions
performance and permeability/ ventilation characteristics is from

assumed functions based on expert judgement and
empirical datgHong et al., 2004)

Changes in Temperature + Thermal characteristics modelled from specified
environmental changes to building fabric. However, there is
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exposures

Exposurehealth
impact
relationships

Health impacts

Indoor air quality ++
Cold: mortality +
Cold: COPD +/ -
Cold: mental +
health

PMZ.S(outdour) +++
PMz.s(indoa) +
Radon 4+
Second hand ++

tobacco smoke

Mould ++
Method of ++
calculating

changes in years
of life and quality
adjusted life years

uncertainty over the impact of such changes on indo
temperatures because of behavioural factors/ choice
(e.g. the degree to which housétiers take improved
energy efficiency as warmer temperatures rather tha
lower fuel billsit he 6t ake backo6 fe
and operation of the heating system. Mainly based o
an empirical function derived from th&arm Front
study(Oreszczyn et al., 2006a)

Based on complex models that involve a range of
assumptions. Such assumptions include those relatit
to changes in dwelling permeability and ventilation
systems and hence air exchange that caafteeted by
behaviour. For example, these have been explored fc
PM, . (Shrubsole et al., 2012)

There is limited evidence relating health to measurec
indoor temperatures. Evidence used mainly based o
one English study of the degree to which housing
modifies the outdoor temperatuneortality

relationship (Wilkinson et al., 2001)

There is limited evidence relating COPD and
exacerbation of COPD symptomsitadoor
temperatures. There are large variations in reported
exposureresponse coefficients from different studies
and locations. At present, the evidence is uncertain &
caution is required in its interpretation.

There is direct evidence for the impact of cold on
thermal comfor{Green and Gilbertson, 2008)ut
mixed evidence on overall meadtwell-being(Liddell
and Morris, 2010; Thomson et a2013) although
suggestive of adverse impact. Duration of adverse
impact unclear, however. For the purposes of
evaluation, the model provides options for varying th
assumption about the persistence (time decay) of the
adverse mental health impactshich can have
appreciable bearing on the impact calculation.

Strong epidemiological base for adverse effects of P\
but nearly all based on studies of outdoor pollution
(Pope et al., 2004, 2002)

There is uncertainty about the relative toxicity of
particles generated from indoor sources compared w
those from outdoor sources. They might be as toxic c
even more toxic as PM derived from outdoor sources
but the single + rating indicates thack of clarity(Pope
et al., 2004, 2002)

Strong epidemiological evidence for adverse health
effects of indoor radon. Long time lag assumed for
development of disease from increased exposure an
for decay of risk with redu@n in exposurgDarby et
al., 2005)

Reasonably clear epidemiological evidence for the
selected health outcomes included in the model
(including from metaanalysis)Law et al., 1997; Lee
and Forey, 2006)

Repeated eports of link between mould and
respiratory and general health proble(Rsk et al.,
2007; HowderChapman et al., 200,7@specially in
children(HowdenChapman et al., 200/But
interpretation remains uncleardsse of uncertainty
over influence of confounding factors and causality. /
major uncertainty is what duration of effect there mig
be on respiratory/ asthmatic symptoms in children.

Based on established life table methods with assume
lag functions for the development of new risks and tf
decay of reduced risks. It is important to note that the
calculations of change in
cong ructsd that entail a n
expected future health experience over a long time
course (50+ years).

Calculations of COPD, mental health and asthma

80



impacts are based on direct application of relative ris
to study or surveybased datan disease prevalence.

Health state + Values assumed to represent average disease

utility values conditions. Based on values used in previous NICE
documents. However, studies show a wide range of
estimates depending on, for example, age and disea

severity.
KEY
+/ - Equivocal
+ Weak evidencetertainty
++ Moderate evidence/ certainty
+++ Strong evidence/ certainty

3.5.2 Key limitations of the building model
The key limitations of théuildingmodel include:

Energy performance of buildings

Structuraluncertainties relate to the model specificatiod.most relevance to the economic modelling
is the population sample used as inputs, the characterisation of the environmental conditions within
the residential building stock and assumptions around thesfuedidyrelationship.

The conversion of the English Housing Data relies on methods outlindDECC et al., 2012and

uses values drawmdm the reduced Standard Assessment Procedure (RdSAP) mé&daddwelling
component (e.g. wall, window, roof) is matched against measured values for heat loss values (i.e. u
values), the heat system seasonal efficiency, and the numberafaiges assiated with infiltration
across the fabricThese values are not altered withiremodel.

Further, the method for estimating the energy demand relies on the method se{tdamiiiton et al.,
2011) which uses a standard method of heating degree dagstBrmine the heat demand below a
given internal temperature that excludes solar and internal gaissassumed that all dwellings have
an average internal gain of 3.2 °C, followi(lgay et al., 2003)

Pollutant exposure model matching

The variationin the geometries of the EHSakllings is assumed to be adequately representediOby
archetypesThe matching othesearchetypedo the EHS dwellingselies on matching rules that use
survey dwelling features from the EHFhe matching process included using a set of rules to
determire which archetype is a suitable match in terms of its physical parameters and ventilation
characteristics.

The first rule applied to the EHS stock was to select an archetype that matches the surveyed dwelling
type (i.e. flats, terraced houses, bungalows atetached houses}his ensured that the geometric

form modelled inthe building modebroadly represented a given dwellinghe second rule used
gross floor area to match archetypes with multiple dwelling types (i.e. terraced houses), for example
thelarger dwellings were matched into the larger archetypes of the dwelling fdMatshing by size

and type will have an impact on the absolute levels of pollutants experienced within a dwelling.

Matching for flats was further subdivided into three groulpeslow first floor, first floor, and above
first floor, in order to allocate the correct radon concentration levdls.division allowed for flats on
the ground and below to receive the full concentration of radon (weighted for the stock), those on the
first floor receive 50% of the ground floor exposure, and those above the first floor and above had no
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exposure to radon.

All dwellings built after 1990and a random sample % of dwellings beforel990 are assumed to
have trickle vents. A difference in thstribution of trickle vents across the English housing stock will
affect theexposures experiences by occupants to the various pollutants.

Occupant behaviour in the building models

The building models of ventilation and pollutant concentrations reqgaggumptions to be made
aboutthe behaviour of occupants, with regards to their interaction with wind@wsduction of

pollutants, and the removal of pollutants. For example, windows can be opehed mdoor
temperatures become high to either enableeamwair from outdoors to ingress, or to allow the cooling

effects of crosaentilation. Uncertainty around the pradtion of pollutants could relate tcooking
(which produces particulate matter and moisture) aathing (which produces moisturgatterns

Occupants themselves also produce moisture and therefore production rates in each room of the

dwelling is related to the movement of the occupants. Occupants can also actively remove pollutants
through the use of extract famsd windowsduring cooking tines

Larger dwellings are assumed to have more occupantsthaecefore more istances of window
openingand use of thébathroom However no variation is assumed across the housing stock for

dwellings of the same number of occupants, therefore potentiallierastimating the spread in air
change rates and pollutant concentrations in the EHS dwellings.

3.5.3 Key limitations of the health model

The key limitations of the health modelinclude:

1

The primary health impact calculations in the model are performed using commonly used life

table methods. However, for each modelled health outcome, the baseline mortality risks used
in these life table were based on population average mortality rate©iwhited only by age

and sex, taking no account of other factors which may affect underlying health (i.e. assuming
average life expectancy according to age and sex). However, we did reduce life expectancy for
those identified as suffering from COPD and heagisease in line with published estimates of

life shortening associated with those conditions.

The morbidity estimates presented here make the assumption that there is a constant
relationship between the burdens of mortality and morbidity for each ec€learly this is
relatively crude but is likely to be reasonable at the population level. Similarly, the NHS
health care costs have been estimated using the assumption that changes in health outcomes
will lead to proportional changes in health care @mi$. In particular, assuming a
proportional change in total GP consultations which is driven by the total change in hospital
admissions is likely to underestimate GP consultations for conditions which do not require
regular hospitalisation.

The morbidityimpacts on COPD, CMD and asthma assume that changes to SIT and mould
affect the prevalence of these conditions but the model does not account for improvement (or
worsening) of symptoms and associated changes to the applied utility welightso does

not account for variations in utility weights by age.

As described previously, the model results presented in this report make no allowance for the
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potential effect of people moving home. In reality, such movements would tend over time to
reduce the match bhween houses with the energy efficiency intervention and the population
originally targeted by the intervention because each year a proportion of the target group will
move out of their original homes and others (most of whom are not part of the origigat t
group) will move into them. To illustrate, we estimate below the effect of such movement on
the proportion of the original COPD target group remaining in intervention dwellings as a
function of time after intervention. The estimates are made usingr feimplifying
assumptions:

1. There is no correlation between target group and the probability of moving home
(which is therefore assumed to be the same as that in the population as a whole);

2. The probability of moving in future years is not affected by mayiim previous years;

3. The number of dwellings with the original energy efficiency intervention remains
fixed and does not change by year,;

4. No new cases of COPD are added to those in the original target population.

The starting proportion of people with CORihe original target groupiy 0.0582 5.82%) and

the probability of moving home in any one ye&a 0.11 (11%). This value for the UK was
estimated using data from the  Office for National statistics
(http:/ / www.ons.gov.uk/ ons/ rel/ socitlendsrd/ sociattrends/ sociatrends

41/ index.htm). We estimate the proportion of the original target group remiaig in the

original intervention homes in year i to be:

o0 the proportion of COPD patients in intervention homes in yehreduced bythe
fraction (0.11x(20.0582))

plus

o0 the proportion of COPD patients in namtervention homes in yearli multiplied by
(0.11x(%0.0582))

The second quantity reflects the small proportion of the original target group that moves back
into intervention homes after having movedtdtwom nonintervention homesrigure9 below
indicates the evolution over time of the proportion tbe COPD group in the original
intervention homes and the proportion of the target COPD group inimenvention homes

by year. As can be seen, the proportion bé toriginal target group remaining in the
intervention homes declines exponentially such that the proportion is reduced by around 35%
by five years after intervention and by 93% after 42 years. The time averaged proportions over
5 years and 42 yearse respectively, 23% and 74%which therefore indicate the expected
dilution of the targeted benedibver these periods of follow up.
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