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Executive Summary
Between 2003 and March 2009, residents of Strabane District Council  (SDC) participated in a Heating Conversion Programme, in which solid fuel heating systems were replaced with oil-fired central heating systems. These replacements took place in 2,501 homes. The Programme aimed to :  

1. Improve the air quality of the SDC area by significantly reducing domestic heating emissions. 

2. Alleviate fuel poverty through making homes more energy efficient. 

This report evaluates the likely health benefits associated with the Heating Conversion Programme, and sets these alongside the total spend. The report assesses benefits based on the levels of air quality improvement demonstrated by SDC’s rigorous air quality monitoring programme, and based also on the current evidence base concerning likely health impacts. 

The report indicates that population-wide impacts from improved outdoor air quality are likely to have been widespread and highly significant. The health gains accruing to household occupants following improvements to energy efficiency are also likely to have been substantial, and particular mention is made of the likely gains in the respiratory health of children, who will no longer inhale high concentrations of indoor pollutants. 

Other likely impacts beyond those pertaining to human health are also considered, for example predicted carbon offsets and impacts on local employment. The report concludes that, when all of these are taken into consideration alongside health impacts, the gains far outweigh the initial cost of the scheme. A return of at least £2 in positive benefits, for every £1 spent in the conversions, is a high probability. 

Introduction

Between 2003 and March 2009, residents of Strabane District Council  (SDC) participated in an extensive home improvement programme. It was administered by a collective of organisations including the Department of Social Development, Eaga, Northern Ireland Electricity, Northern Ireland Housing Executive, the Western Health Action Zone, the Foyle Regional Energy Association and the Council itself. As part of this programme, solid fuel heating systems were replaced with oil-fired central heating systems in 2,501 homes. For the purposes of this report, the work completed on these 2,501 homes will be referred to as the Heating Conversion Programme or HCP. A number of houses were also given increased insulation measures, such as loft and cavity wall insulation. The HCP fulfilled two interlocking goals : 

3. To improve the air quality of the SDC area by significantly reducing domestic heating emissions. Prior to HCP, two-thirds of PM10 emissions originated from domestic coal fires. 

4. To alleviate fuel poverty in the SDC area by ensuring that homes attained higher standards of energy efficiency. 

The average cost of HCP per home was £4,500, with a total estimated spend being £11,254,500 (NIHE, pers. comm.). 

The purpose of this report is to evaluate the likely health benefits associated with HCP, and set these alongside the total spend. This is in line with the Government’s Investing for Health Strategy (2002), and in particular reference to objective 1 on tackling poverty and objective 4 in respect of living conditions.  The research is funded by Western Investing for Health Partnership who, through the Health Action Zone, have initiated a number of fuel poverty projects.

There are 2 routes by which health benefits are likely to accrue from HCP. The first stems from direct impacts on households whose homes were retrofitted. These include health gains accruing to all household occupants following improvements in the home’s thermal comfort. Also included are gains to the respiratory health of children when they no longer inhale high concentrations of indoor pollutants. 

The second route by which health benefits accrue is through population-wide impacts from improved outdoor air quality. This impact, though weaker, is more widespread since outdoor pollutants are known to disperse and homogenise over large geographical areas (Gehrig & Buchmann, 2003). 

In this report, the two impacts are treated separately, and then collated to yield an integrated assessment of  HCP’s health impact.  In addition, other likely impacts – for example on carbon offsets and local employment – are also considered, as a means of producing a more rounded analysis of the potential benefits of a scheme like HCP. 

Salient demographics  

Characteristics of the SDC area

Strabane District Council serves an estimated 14,200 households and an estimated 39,430 people (NISRA, 2007). Population density is relatively low at 0.44 persons per hectare (the NI average being 1.19). This is explained by the fact that the area has a relatively small urban core, with approximately two-thirds of the population living in more dispersed rural areas.  

People’s lives and wellbeing

Using the NI Multiple Deprivation Measure 2005, which assesses deprivation on the basis of 7 domains, Strabane District is ranked as the most deprived Council area in Northern Ireland. At UK level too, it appears amongst the 10 most deprived District Councils. Baseline health is relatively poor. When compared with Northern Ireland as a whole, SDC has a relatively large proportion of residents who are registered with a limiting long-term illness (24%, compared with the NI average of 20%). Only 67% of residents rate their health as good (NI average = 70%), with 13% rating their health as poor (NI average = 11%). 

In addition, there is a higher than average unemployment rate (6% compared with NI average of 4%), a higher proportion of people who look after a home or family permanently (9% compared with NI average of 7%), and more people at home all day because they are permanently sick or disabled (14% compared with NI average of 9%). Taken together, these statistics indicate that a greater than average proportion of SDC residents are likely to live for long periods in or very near their home. For people who fit this profile, the value of a warm and comfortable home is difficult to over-estimate.  

Homes

In Northern Ireland, the typical demographic of a home which is likely to be energy inefficient is :

- rural location

- detached

- owned outright

- heated by electricity or solid fuel (NIHE, 2006). 

Strabane District Council area has a preponderance of homes which meet all of these criteria. For example, the 2006 Northern Ireland House Condition Survey indicates that a substantially greater proportion of homes are detached in SDC (51%) than the NI average (37%). A larger proportion of homes are owned outright in SDC  (33%, compared with an NI average of 29%). In addition, 8% of homes in SDC were without central heating (NI average is 5%). Taking these factors together, the housing stock in the SDC area is energy inefficient compared with NI standards.   

Compared with the NI average, significantly more households in SDC also contain dependent children (42% compared with an NI average of 37%). Households with children are at greatest risk of being in fuel poverty in Northern Ireland (Liddell, 2008).  

Taken together, these demographic data suggest that the impacts of retrofitting in the SDC area are likely to be somewhat greater than the NI average, owing to poor energy efficiency in the housing stock, relatively high levels of deprivation, and a greater  number of households rearing children.

Conclusions for the Health Impact Assessment

There are a number of factors emerging from this profile which suggest that levels of vulnerability to the effects of cold and damp housing are significantly greater in  the SDC area than is the case for NI as a whole. These include :  

· high levels of deprivation 

· more homes in remote rural areas than the NI average

· more homes owner-occupied

· more detached homes

· more homes containing children

· poor levels of adult health and high levels of health inequality

· more people at home all day long

· poor baseline levels of heating and housing quality

· high concentrations of air pollutants associated with coal fires.

Methodological Notes

Choice of cost-benefit model

“Action in one sector pays dividends in other sectors, and this is probably most evident in the field of housing, which has a big influence on many aspects of individual people’s lives as well as on the wellbeing of the communities in which they live”

(Gilbertson et al., 2008).

HCP aimed to provide cleaner air for Strabane’s residents, and improve the energy efficiency of dwellings. It is not a health intervention per se. The type of cost-benefit model most appropriate in cases such as these is a cost-offset model, in which the costs of an intervention can be offset against benefits which do not accrue directly from the intervention itself (Sefton, 2003). A cost-offset approach is therefore implemented here. 

Estimating the lifespan of  HCP
Estimates of cost-effectiveness in  similar cost-offset models, such as those applied to the Warm Front and Decent Homes schemes in England, assumed a 15-year lifetime for each retrofit. The same lifespan is imputed here.

Health impacts of lowering fuel poverty risk

Being unable to afford a warm home (or fuel poverty) is now a well-established human health risk (WHO, 2006). At least 30 peer-reviewed publications on the health impacts of fuel poverty in the UK have emerged in the last 2 years. They contribute to a large-scale body of scientific evidence that a lack of affordable warmth is a primary contributor to health inequalities (Liddell, 2009). 

For many years, these health impacts were thought to be largely confined to senior citizens. However, it is becoming increasingly clear that the health impacts of fuel poverty extend throughout the lifespan, from effects on newborns (Frank et al., 2006) through to effects on people in their last months of life (Morris, 2007).  These health effects influence both mortality rates (deaths) and morbidity rates (illnesses). Health effects (and therefore health costs) are also equally apparent in both mental and physical domains (Green & Gilbertson, 2008), incurring a double burden. 

A household’s risk of being in fuel poverty is determined by the combination of  three elements, namely income, house energy efficiency, and domestic fuel cost. During the period in which HCP was being carried out, income levels stayed relatively stable in the SDC area whilst the cost of fuel rose disproportionately. Improvements in the third element (namely energy efficiency) needed to be extensive and wide-ranging in order to have any chance of lowering fuel poverty prevalence rates. As a consequence, some of the smaller retrofits undertaken in the SDC area at the same time as HCP (such as installing loft insulation alone, installing cavity wall insulation alone, or draughtproofing doors and windows), were unlikely to have impacted on fuel poverty rates. Only more substantial retrofits could have achieved an impact during this period. HCP was a substantial retrofit, which provided homes with a minimum of 20% improvement in energy efficiency levels (NIHE, pers. comm.).  

Hence, in calculating the impact of HCP on fuel poverty risk, it is assumed that this risk was significantly reduced in all 2,501 homes involved in the scheme. To illustrate the validity of this assumption,  Table 1 provides fuel poverty prevalence rates for all 26 District Council areas in Northern Ireland 2001 and 2006.  

Table 1 : Fuel Poverty prevalence by District Council Area, 2001 and 2006.

Table 1 : Fuel Poverty prevalence by District Council Area, 2001 and 2006.

	District Council
	% households in fuel poverty @2001 Survey
	% households in fuel poverty @2006 Survey
	% change in 5 years

	Moyle
	38%
	45%
	+ 7%

	Larne
	36%
	43%
	+ 7%

	Cookstown
	35%
	41%
	+ 6%

	Strabane
	46%
	41%
	- 5%

	Limavady
	41%
	40%
	- 1%

	Ards 
	28%
	40%
	+ 12%

	Newry & Mourne
	23%
	39%
	+16%

	Belfast 
	39%
	39%
	0%

	Dungannon
	23%
	38%
	+15%

	Armagh
	29%
	37%
	+ 8%

	Fermanagh
	34%
	36%
	+ 2%

	Ballymoney
	46%
	35%
	-11%

	Ballymena
	40%
	35%
	-5%

	Magherafelt
	47%
	34%
	-13%

	Omagh
	34%
	34%
	0%

	North Down
	25%
	34%
	+ 9%

	Craigavon
	45%
	32%
	-13%

	Bannbridge
	31%
	31%
	0%

	Carrickfergus
	23%
	31%
	+ 8%

	Coleraine
	29%
	31%
	+ 2%

	Down
	27%
	31%
	+ 4%

	Derry
	37%
	30%
	- 7%

	Lisburn
	27%
	29%
	+ 2%

	Castlereagh
	21%
	27%
	+ 6%

	Newtownabbey 
	33%
	26%
	- 7%

	Antrim 
	41%
	24%
	-17%

	
	
	
	

	NI Average
	33%
	34%
	1%


Key : 




Very severe





Severe


Moderately severe


Of significant concern


Good

Although SDC has a high incidence of fuel poverty, this has declined significantly over time : from 46% of homes in fuel poverty at 2001, to 41% at 2006. SDC is one of very few Councils to have achieved a reduction in fuel poverty levels during a period of high energy costs, and much of this is likely to be attributable to the effects of HCP, whose penetration was substantial : given an estimated 14,200 households in the SDC area (NISRA, 2007), and HCP implemented in 2,501 homes, the scheme reached 18% of all households in the SDC area. 

Hence, the number of households likely to have experienced positive health impacts as a result of reduced risk of fuel poverty is set at the number of households who received comprehensive energy efficiency upgrades through conversion to oil-fitted central heating systems (i.e. 2,501 households). 

Estimating the number of  people  affected by improved energy efficiency.

In a 15-year lifetime of treatment, a home is unlikely to be inhabited continuously by the same occupants. Over the course of a 15-year treatment, the estimates made here assume that every retrofitted household will be occupied throughout, and will be lived in by :

· a single pensioner for 5 years

· a pensioner couple for 5 years

· a family of 1.5 adults and 1.5 children for 5 years

This approach permits a more representative assessment of health impacts. Some effects, for example,  are more likely to be found among senior citizens (e.g. fewer falls and accidents), and other effects among children (e.g. improved respiratory health). Both feature in the impact assessment when it is approached in this way. Since more than 97% of Strabane homes were permanently occupied at last census, and since an estimated one-third of the population lived alone in a home, these assumptions about occupancy patterns seem reasonably accurate. 

Between 2003/4 and February 2009 HCP converted 2,501 households from solid fuel heating to oil-fired central heating systems. Table 2  illustrates how estimates were calculated for the number of people who will live in an HCP home. 

Table 2  :  Estimated number of people who will live in an HCP home  

	Inhabitants
	Duration in years
	Number of homes treated

in the HCP program

= 2,501
	Total inhabitant years

	1 elderly person
	5 years
	
	12,505

	2 elderly people
	5 years
	
	25,010

	1.5 younger adults
	5 years
	
	18,758

	1.5 children
	5 years
	
	18,758

	
	
	
	

	Total elderly person years
	
	
	37,515

	Total younger adult years
	
	
	18,758

	Total child  years
	
	
	18,758

	All human years
	
	
	75,031


Estimating health impacts and costs.

Health impact assessments related to UK housing customarily use the HHSRS calculator (2006) to impute health impacts and their associated cost offsets. The calculator was designed by the Building Research Establishment and is founded on the UK’s Housing Health and Safety Rating System. The calculator estimates :  

a) risks within homes before treatment, based on known HHSRS housing risks to health (e.g. cold indoor temperatures, damp, mould and condensation, etc.);

b) risk after treatment, based on known HHSRS effects of treatment. 

The difference between estimates a) and b) quantifies the likely effects of a retrofit. Risk estimates from the HHSRS are based on likelihood of “harm requiring medical attention”, and are therefore impacts ranging from moderate to catastrophic.

The HHSRS defines 29 potential hazards, and notes 6 of these as  relevant to an intervention like HCP. Table 3 gives details of these hazards. 

Table 3 : HHSRS hazards relevant to energy efficiency and who they impact, 

	Hazard
	Whose health affected?

	Excess cold
	Seniors



	Damp and mould growth


	Children

	Falls 


	Seniors

	Fires


	Seniors

	Flames and hot surfaces


	Children

	Crowding and spacing
	All inhabitants




HHSRS hazards cause different levels of harm, from a scratch to death. The HHSRS defines 4 Classes of harm and estimates likelihood and spread of each Class of Harm. These likelihood and spread estimates  are applied here.  

Each level of accident will, in turn, generate different costs to the householder and the health service. To calculate these costs, HHSRS uses the QALY system, an acronym which stands for “quality adjusted life-year”. It is a measure of health which takes into account quantity and quality of life costs that are incurred from an accident or premature death. QALYs are widely used  in the assessment of health effects of interventions (Mason, et al., 2005), not least of all because they provide adjusted estimates based on the severity of accident and the age of the person who has been harmed. A QALY has a unit value of  £50,000 in the current HHSRS calculator. This reflects the overall value (to an individual, their family, and society) of a year of life saved. 

QALYs offer a rounded measure of improvement, representing physical and mental well-being as well as monetary costs to a health organisation such as the NHS. This seems appropriate given that housing improvements aim to protect human health and mental well-being. Furthermore, linking QALYs to improvements in the hazard rating of a house  provides a supplementary combination of “human” and “house” which further reflects the nature of  HCP -  in other words, the model applied here is suited to the goals of this particular intervention programme. Consequently, QALY’s are used in HCP analyses here.  

Table 4 provides details of the health savings which the HHSRS calculator estimates are likely from HCP in 2,501 homes over the lifetime of a 15-year retrofit. Details of how the data contained in the Table were derived can be found in the Appendix.

Table 4  : Summary data : Energy efficiency improvements 

	Harm
	Who?
	N 
	QALY

estimates

	Excess cold


	Seniors
	37,515
	£1,992,500

	Damp and mould growth
	Children
	18,758
	£7,500

	Falls + fires
	Seniors


	37,515
	£827,000

	Flames and hot surfaces
	Children 
	18,758
	£58,974

	Crowding and spacing
	All
	75,031
	£126,500

	TOTAL


	
	
	£3,012,474


HCP, in reducing the risks associated with excess cold, damp, open fires, and crowding, provides estimated health savings of more than £3M. 

Health impacts of improved outdoor air quality

The first case description showing a relationship between air pollution and increased risk of death is now almost 70 years old. Published in 1931, it was based on inhabitants of a valley in Belgium in which there was a high concentration of industrial activity (in Goncalves, et al., 2007). Since then the field has published more than 500 high-quality scientific studies concerned with the health impacts of cleaner outdoor air. For the purposes of this HCP evaluation, calculations of the effects of improving air quality are made using the collated evidence provided by these studies.

The studies consistently demonstrate that ambient air pollutants including sulphur dioxide, black smoke, create ultrafine particles called PM10’s that can penetrate lung linings and increase blood viscosity and clotting. This results in higher risks of thrombi, and affects heart rates leading to more dysrhythmias. Given these effects, and that pre-existing heart conditions are more common than lung conditions, more people die from cardiovascular episodes as a result of air pollution than die from lung-related episodes (Highwood & Kinnersley, 2006). These air pollutants also generate inflammatory reactions in the respiratory system, and hence an increased risk of illnesses such as chest infections, bronchitis, asthma, etc. All of these significantly increase attendance rates at hospitals and GP’s surgeries (Gilliland, et al., 2001). 

Health effects are dependent on both exposure and pollutant concentrations, with longer term exposure (such as SDC residents will have experienced for generations)  having consistently more significant effects (WHO, 2004). 

In undertaking health impact assessments such as this one, decisions have to be made about which studies to use as comparators. The World Health Organisation (WHO, 2002)  recommends that care is taken to ensure that : 

a) the evidentiary and target populations are as alike as possible, 

and 

b) the interventions compared are as alike as possible.

These recommendations are followed here. 

Estimating the number of people who will benefit from cleaner ambient air 

As already indicated, Strabane is inhabited by an estimated 39,430 people. Only one-third of them live in or near the town  centre. Although improvements in ambient outdoor air quality will have widespread effects on residents, there will be foci of air quality improvement near the town centre and surrounding villages i.e. where more homes were retrofitted, and where population densities are highest. To ensure that estimates of health impacts are conservative rather than exaggerated, it is assumed for the purposes of this report that the effects of cleaner air quality will impact upon half of SDC’s resident population – this proportion would include all residents living in or near the town centre and larger villages, but will exclude residents who live in more remote and low-density areas where fossil fuels such as coal and peat may still be used as a primary source of heating fuel. Hence, a total of 19,715 inhabitants will be assumed to have significant exposure to cleaner air in the SDC area (i.e. 39,430/2)

Changes in Air Quality associated with HCP

Table 5 provides details of black smoke concentrations in the SDC area between 1999 and 2007. Table 6 provides similar information for PM10 levels. 

Table 5 : Black smoke concentrations in Strabane 1999-2007

	Year


	(g/m3

	Pre-intervention
	

	1999
	32

	2000
	27

	2001
	34

	2002
	27

	2003
	21

	2004
	21

	Average pre-intervention


	27.0 ug/m3

	Post-intervention
	

	2005
	12

	2006
	8

	2007
	6

	Average post-intervention


	8.7 ug/m3

	Percentage change 


	68% reduction


Table 6 : PM10 concentrations 2002-2008

	Year


	(g/m3

	Pre-intervention
	

	2002
	32.38

	2003
	35.75

	2004
	35.36

	Average pre-intervention


	34.50

	Post-intervention
	

	2005
	20.73

	2006
	17.20

	2007
	16.67

	2008
	16.55

	Average post-intervention


	17.79

	Percentage change


	48% reduction


Source : Strabane District Council
These tables indicate that HCP was associated with a reduction by a half or more in the concentrations of pollutants such as black smoke and PM10’s. By way of comparison, the PM10 levels in London were compared before and after the introduction of a Congestion Charge. The average PM10 level before the Congestion Charge was 54.7. During 5 years’ of post-intervention monitoring, it averaged 54.0, a reduction of about 1% (Tonne, et al,. 2008). Reviews of air pollution studies occasionally classify impacts in terms of their intensity, usually based on changes in PM10 (g/m3 . Applying their criteria to the effects found in Strabane would classify HCP as being in the highest impact category (Hurley, 2004).   

Estimated health impacts of  reductions  in ambient air pollutants.

Impacts on Mortality

By far the most frequently studied health impact associated with improved outdoor air quality is human mortality. It is now relatively easy to provide accurate estimates of the number of lives saved as a result of  improving air quality. 

The most suitable comparator for HCP was Clancy et al.’s (2002) evaluation of the Dublin City’s coal ban. Many features of this study make it the most appropriate for comparative purposes, not least of which is that it was a similar intervention study. Controlled intervention studies are relatively rare in the field of air quality and health impact assessment, particularly in the industrialised world (Hurley, 2004), so it is opportune to find one which can be used for comparative purposes.   In addition, the Dublin City coal ban shared a similar goal to HCP, namely to reduce local concentrations of black smoke through the burning of fewer and/or cleaner fossil fuels. Relevant comparative data are contained on Table 7. 

Table 7 : Black smoke concentration levels : Dublin City and SDC

	Place
	Before ug/m3
	After ug/m3
	Absolute change
	% Change

	Dublin City
	50.2
	14.6
	35.6
	71%

	
	
	
	
	

	SDC
	27.0
	8.7
	18.3
	68%


The absolute change in ug/m3 levels in SDC was (18ug/m3)  was roughly half that found in Dublin City (36 ug/m3). Changes in absolute levels are recommended for impact calculations in air pollution studies of this kind, since the effects of reducing pollutants appear to be more linear than exponential (Pope & Dockery, 2006). Consequently, the impact of SDC’s programme is estimated here at half that of Dublin City. 

Analyses of the Dublin City data indicated a 5.7% age-standardised decline in non-traumatic deaths post-intervention (Clancy, et al., 2002). As a consequence, the estimated impact for SDC is imputed as 2.85%.  

Between 1974 and 2007 there was an average of 323 deaths per annum in Strabane (NISRA, 2008). Only an estimated half (i.e. 162) of these will have taken place in the area where changes in black smoke concentration were of a magnitude to yield Dublin-like impacts on mortality. Hence a 2.85% decrease per annum on 162 deaths would be 4.62 fewer deaths per year in the SDC area as a result of a lower concentration of PM10’s. Over a 15 year lifetime of retrofit, this scales up to 69 fewer deaths for the areas in and around HCP intervention localities.  

To establish the “cost” of a death, a variety of methods can be used. For most health impact assessments, a value of one quality-adjusted life year (or QALY) is imputed and used in calculating gains from saving a life or saving a person from an illness (See previous section on impacts of reducing fuel poverty, and also the Appendix). Currently, the QALY unit most often used is £50,000, and this is used here.  If the 69 people whose lives were saved went on to live a further six months before dying of something else (a highly pessimistic or conservative estimate of life saved), this generates a QALY gain of £1,725,000, or £1.73M. 

Impacts on Morbidity 

Premature deaths associated with exposure to air pollution are only one element of the risk profile. Amongst children, for example, although deaths caused by exposure to air pollution are extremely rare, their risk of contracting a respiratory infection or asthma increases by a quarter if they are exposed to poor air quality for a long period of time. Amongst adults too, increased risks of respiratory infection, cardiovascular disease, and chronic bronchitis are associated with long-term exposure to air pollution (Pope & Dockery, 2006).  

Unfortunately, there are far fewer studies which estimate morbidity effects than deaths, which makes these impacts more difficult to estimate. However, wide-ranging reviews of the evidence (e.g. Chau, et al., 2008; Hurley, 2004) indicate that reductions in illness and disease incur health gains of a consistent magnitude. For conservative estimates, these can be reasonably imputed at one-third (0.33) of the  local mortality QALY gain. Using this estimate, the savings made from reduced illness risk are £569,250. 

In addition, consideration must be given to the effects of improved indoor air quality in the homes of children where coal fires have been removed. This effect is relatively substantial. Because of their smaller size and higher metabolic rate, children inhale more contaminants than adults, and lung function has been found to be permanently compromised as a result of long-term exposure to indoor air pollution from coal smoke (Curtis, et al., 2006). To assess this specific effect, results from a recent study undertaken in Northern Ireland are used. 

Children living in Belfast, whose homes were heated with oil-, gas-, or electricity-fired central  heating were compared with children living in homes with solid-fuel heating. The solid fuel fires were all glass-fronted fires (GFF’s), yielding a relatively conservative estimate of impacts ( Bothwell, et al,. 2003). In a pilot environmental study of 19 homes, Bothwell and colleagues found that PM10 levels were higher in homes with GFFs when heating was switched on, compared with when it was off. After taking into account exposure to tobacco smoke, crowding and socio-economic status, children who lived in homes with GFF heating were nearly 3 times more likely to have had a cough or wheeze within the past 12 months, and almost twice as likely to have been diagnosed with asthma. Turning on GFF was 6 times more likely to be reported as triggering symptoms as was turning on oil. 

Extrapolating to HCP, the most recent prevalence estimates for asthma are 55 per 1,000 in the Western Board area (DHSSPS, 2008). There are 2,501 households retrofitted for a lifetime of 15 years per retrofit. An average of 1.5 children will live in each of these houses for an estimated 5 years. This amounts to 18,758 child years. At a rate of 55 per 1,000 having asthma pre-intervention, 341 child years can be estimated to be asthmatic. Post-retrofit, a 25% reduction in prevalence is assumed here (a conservative estimate, given Bothwell et al.’s results). Using a QALY loading of 0.33 (which ranks asthma as between serious and considerable harm), this would mean 85 fewer child years of asthma at a QALY saving of £1,433,362. 

Impacts beyond health

There is considerable evidence that the impacts of home improvement schemes such as HCP extend far beyond the health of residents. Improvements in neighbourhood social cohesion, reduced levels of crime and vandalism, and more local job and training opportunities, are among many additional impacts. Since there are, as yet, no studies which have costed the returns from these impacts, they have not been factored into this evaluation of HCP. 

However, returns from savings on energy bills are more easily calculated, and these could legitimately be included in a more broad-based cost-offset analysis that extends beyond health). 

Savings on energy bills

HCP has replaced coal as a heating fuel with oil. Given powerful fluctuations in the relative prices of oil and coal over different quarters, it could be argued that the higher cost of oil as a heating source will entirely offset the energy efficiency gains of having replaced coal-fired systems, at least in terms of householder bills. Over a 15-year retrofit, however, this seems unlikely. Figure 1 compares fluctuations in coal and oil prices in the last quarters of  each year between 2002 and 2008. Taking this longer view, the costs of purchasing coal and oil have not been notably different. In addition, projections to 2015 indicate that broad parity between oil and coal is likely to continue throughout the remaining period of the retrofit lifetimes (BERR, 2008). 
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Whilst dramatic increases in the  price of heating oil may feel to some as if they are at  the heart of fuel poverty, Table 8 provides useful recent data, which  indicate the profound extent to which improving the energy efficiency of a house reduces risk of fuel poverty, even in the face of dramatic increases in the cost of heating a home. 

Table 8 : Fuel poverty risk and demographic profile, 2007

	Living in

income-poverty?
	Highly energy efficient  build?
	Lives alone?
	% risk of being in fuel poverty

	Yes
	No
	Yes
	97%

	Yes
	Yes
	Yes
	60%

	No 
	No
	Yes
	30%

	No
	Yes
	Yes
	3%


Source : Palmer,  MacInnes & Kenway, 2008


Among lone occupiers in income poverty and who live in poorly insulated and heated homes, almost all (97%) are likely to be in fuel poverty. For similar income-poor lone occupiers, but who live in a warm, dry and energy efficient home,  the risk of fuel poverty falls by more than a third (60%) Even among better-off lone occupiers, a third are likely to be fuel poor if their homes are not insulated and energy efficient. By contrast, if they live in an energy efficient home, their risks of being in fuel poverty fall to almost zero (3%). Providing decent homes which are easier to heat because of insulation and efficient heating constitutes probably the best strategy for containing fuel poverty rates during periods of unstable or rising energy prices, such as are currently being experienced in Northern Ireland. 

The estimates of savings on energy bills that was made as part of the Warm Front Evaluation in England suggests annual savings of £300 per annum (NAO, 2009). However, many of the retrofits undertaken in England were from coal to gas, which remains a more cost-effective conversion than from coal to oil (where it can be achieved). Hence, for the purposes of the present evaluation, a more modest saving of £100 per annum is imputed per household. In total over 2,501 homes saving £100 a year for 15 years, energy bill savings of  £3,751,500 are estimated. 

Summary of costs and offsets

	Item
	Cost
	Offset

	2,501 retrofitted homes

@ £4,500 each
	£11,254,500
	

	Health gains from reduced risk of fuel poverty
	
	£3,012,474

	Mortality savings from improved outdoor air quality
	
	£1,725,000

	Morbidity savings from improved outdoor air quality
	
	£569,250

	Morbidity savings from improved indoor air quality
	
	£1,433,362

	Total health-related offset
	
	£6,740,086

	
	
	

	Savings in energy bills


	
	£3,751,500

	Total estimated offset
	
	£10,491,586


In summary, therefore, for every £1 spent on HCP,  more than half can be offset in health benefits (60p). If household energy savings to residents are also included in the offset, 93p per £1 can be offset. 

Comparison with other health impact assessments. 

In 2001, Clinch and  Healy modelled the potential costs and benefits of a putative energy efficiency program for Ireland. The installations they modelled were very similar to those of HCP. Impact assessments were based on Irish hospital and mortality data, making their source for harm estimates very similar to the source of HHSRS estimates. However, Healy and Clinch calculated a 30-year lifetime for installations, and did not include the effects of improved outdoor air quality. Converting to a 15-year lifetime yielded a cost offset to health of 39%. In the present evaluation, if outdoor air quality gains are excluded to match the Clinch and Healy model, the equivalent offset is 39.50% - a very close match. 

Imputing further from  Clinch and Healy’s Irish model, factoring in other benefits would create the following estimated offsets : 

Health – outdoor and indoor air quality effects : 60% offset;

Energy bill savings : 33%

Employment  (job creation, lost days from sickness and disability) : 70% offset; 

Carbon reduction and energy savings 100% offset;

Other (e.g. education benefits, social cohesion and crime reduction) : 10% offset

Altogether this suggests that incorporating all the major benefits of a scheme such as HCP could yield a 273% offset, indicating more than  a 2.1 return on investment. 
Conclusions

Given that HCP was only indirectly a health intervention (i.e. it was not a new drug),  a minimum 60% offset is highly satisfactory. Factoring in a more rounded range of offsets – including benefits accruing from employment, fewer days off school for children. energy bill savings, and carbon reduction – suggests a doubling or trebling of the return on initial investment from a scheme such as HCP. For every £1 spent in HCP, more than £2.50 comes back in gains to health and human wellbeing over the 15 year lifetime of a retrofit.   

Returning to the first section of this report, SDC serves a vulnerable population. It features among the 10 most deprived District Council areas in the UK. A scheme such as HCP offers vital opportunities to address the health inequalities which inevitably arise from high levels of deprivation and limited access to resources. If this evaluation had concluded that no costs at all could be offset from HCP, it would still be considered a scheme on which money had been well spent, given the profound and proven benefits it has yielded for human wellbeing. That it will return almost all of the investment - in health benefits and energy savings alone - is testimony to a scheme which was both targeted and timely in its delivery. 
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Appendix 

Combining HHSRS and QALYs : A worked example using falls on the stairs

Assume a sample of 100,000 homes, each lived in by a single pensioner. Using hospital admission and other medical records for England, the HHSRS estimates that, each year, a fall on the stairs is likely to happen in  312 of these homes. 

Also from hospital data, HHSRS estimates that 2.2% of these falls result in death or severe injury. 4.6% result in considerable harm. 21.5% in harm, and 71.7% in a few cuts and bruises.  Of the 321 people who have fallen, this means that  : 

7 people will die (2.2% of 312);

14 will come to considerable harm;

67 will be less seriously hurt;

224 will have cuts and bruises. 

These % likelihood estimates are different for each type of hazard which can be found in a house – virtually no one dies of crowding and spacing, for example. 

Applying a QALY weighting : 

The value of a QALY is set at the value of a year of human life (currently £50,000). HHSRS  has a standard formula for calculating the QALY value of each type of harm. A death is calculated as costing  1 QALY, considerable harm at .400 of a QALY, etc. Hence, allowing for minor rounding error  :  

QALY score for deaths 

7 deaths * 1 QALY 


= 7

QALY  for considerable harm  
14 considerable harm * 0.400 
= 5.60

QALY for less seriously hurt   
67 less seriously hurt * 0.030
 
= 2.01

QALY for minor hurt                        224  cuts and bruises * 0.002 

= 0.45

TOTAL QALY SCORE                   




= 15.06

A QALY is set at £50,000. The total annual cost of falls from stairs in the homes of 100,000 pensioners living alone is, therefore, £753,000a (50,000 *15.06). This is represented in the HHSRS calculator as follows : 

	 
	 
	Number of  dwellings   
	                     100,000 
	 

	 
	 
	 
	
	 

	 
	 
	 
	 
	affected group

	Hazard    
	Stair falls
	over 60

	 
	 
	 
	 
	 

	 
	likelihood 1 in …
	%
	expected number
	Annual cost to NHS

	Class I harms
	14545
	2.2%
	7
	 £              350,000 

	Class II harms
	6957
	4.6%
	14
	 £              280,000 

	Class III harms
	1488
	21.5%
	67
	 £              100,500 

	Class IV harms
	446
	71.7%
	224
	 £                22,400 

	Total all harms
	320
	100.0%
	313
	 £              752,900b 

	 
	 
	 
	 
	 


(The difference of £100 between calculationa and calculationb is attributable to minor rounding error). 

Over 15 years, the cost would be £752,900 multiplied by 15, that is £11,293,500.

Calculator outcomes  using Strabane District Council data

1. Excess Cold

	 
	 
	Number of  dwellings   
	                       37,515 
	 

	 
	 
	 
	
	 

	 
	 
	 
	 
	affected group

	Hazard    
	Excess cold
	over 65

	 
	 
	 
	 
	 

	 
	likelihood 1 in …
	%
	expected number
	Annual cost to NHS

	Class I harms
	1013
	31.6%
	37
	 £           1,850,000 

	Class II harms
	6957
	4.6%
	5
	 £              100,000 

	Class III harms
	1488
	21.5%
	25
	 £                37,500 

	Class IV harms
	757
	42.3%
	50
	 £   

    5,000 

	Total all harms
	320
	100.0%
	117
	 £           1,992,500 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 


2. Damp and Mould growth

	 
	 
	Number of  dwellings   
	                       18,758 
	 

	 
	 
	 
	
	 

	 
	 
	 
	 
	affected group

	Hazard    
	Damp
	under 14

	 
	 
	 
	 
	 

	 
	likelihood 1 in …
	%
	expected number
	Annual cost to NHS

	Class I harms


	less than 1 in sample
	0.0%
	0
	 £                      -   

	Class II harms


	less than 1 in sample
	1.0%
	0
	 £                      -   

	Class III harms


	5600
	10.0%
	3
	 £                 4,500 

	Class IV harms


	629
	89.0%
	30
	 £                 3,000 

	Total all harms
	560
	100.0%
	33
	 £                 7,500 


3. Falls and Fires

	 
	 
	Number of  dwellings   
	                       37,515 
	 

	 
	 
	 
	
	 

	 
	 
	 
	 
	affected group

	Hazard    
	Level falls
	over 60

	 
	 
	 
	 
	 

	 
	likelihood 1 in …
	%
	expected number
	Annual cost to NHS

	Class I harms


	less than 1 in sample
	0.2%
	0
	 £                      -   

	Class II harms


	1800
	10.0%
	21
	 £              420,000 

	Class III harms
	570
	31.6%
	66
	 £                99,000 

	Class IV harms
	309
	58.2%
	121
	 £                12,100 

	Total all harms
	180
	100.0%
	208
	 £              531,100 

	 
	 
	 
	 
	 


	 
	 
	 
	 
	 

	 
	likelihood 1 in …
	%
	expected number
	Annual cost to NHS

	Class I harms
	14545
	2.2%
	3
	 £              150,000 

	Class II harms
	6957
	4.6%
	5
	 £              100,000 

	Class III harms
	1488
	21.5%
	25
	 £                37,500 

	Class IV harms


	446
	71.7%
	84
	 £                 8,400 

	Total all harms
	320
	100.0%
	117
	 £              295,900 

	 
	 
	 
	 
	 


Falls and fires combined : 







£
                         






     


      827,000


4. Flames and hot surfaces – HHSRS calculator does not compute this, therefore computed by hand from the HHSRS incidence tables. £58,974.

5. Crowding and Spacing

	 
	 
	Number of  dwellings   
	                       75,031 
	 

	 
	 
	 
	
	 

	 
	 
	 
	 
	affected group

	Hazard    
	Crowding and Spacing
	all ages

	 
	 
	 
	 
	 

	 
	likelihood 1 in …
	%
	expected number
	Annual cost to NHS

	Class I harms
	31111
	18.0%
	2
	 £              100,000 

	Class II harms
	56000
	10.0%
	1
	 £                20,000 

	Class III harms


	17722
	31.6%
	4
	 £                 6,000 

	Class IV harms


	13861
	40.4%
	5
	 £                    500 

	Total all harms
	5600
	100.0%
	13
	 £              126,500 

	 
	 
	 
	 
	 


Summarising these outcomes yields Table 4  of the main report :  

	Harm
	Who?
	N 
	QALY

estimates

	Excess cold


	Seniors
	37,515
	£1,992,500

	Damp and mould growth
	Children
	18,758
	£7,500

	Falls + fires
	Seniors


	37,515
	£827,000

	Flames and hot surfaces
	Children 
	18,758
	£58,974

	Crowding and spacing
	All
	75,031
	£126,500

	TOTAL


	
	
	£3,012,474
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