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Executive summary 

The primary aim of this study was to analyse the significance of household temperature in 
determining the amount of potential energy savings taken back in the form of an increase 
in the comfort temperature following energy efficiency improvements. If the dual goals of 
energy conservation and affordable warmth for low income households are to be attained, 
the nature of takeback must be more thoroughly understood so that the full benefit of 
energy efficiency measures can be assessed along with the carbon/energy savings. 
However, very little analysis has been carried out to quantify the benefit taken as warmth. 
This research examines the results of a number of monitored energy efficiency projects 
undertaken in Britain over the past 20 years to try to determine the most important 
influences on temperature takeback. 

The main findings are: 
• the internal temperature is the main determinant on the amount of benefit from energy 

efficiency measures that will be taken as an increase in comfort rather than as an energy 
saving; 

• at 16.5°C, the current average temperature of housing in Great Britain, about 30% of 
the benefit of an energy efficiency improvement would be taken as a temperature 
increase and the rest as an energy saving; 

• at temperatures as low as 14°C - still frequently found in low-income households - only 
half of the energy saving will be achieved and the remainder would be taken as a 
temperature increase; 

• 20°C is the most likely whole house comfort temperature in an energy efficient house 
and it is only in these circumstances that further improvements will achieve the full 
energy saving; 

• there has been a narrowing of the gap in average indoor winter temperatures of the 
different tenure types and tenure alone is no longer a definitive indicator of household 
temperature; 

• living room temperature is not a good indicator in the UK of whole house average 
temperature, as a warm living room may be found in an otherwise cold house, 
particularly in low-income households without central heating; 

• as there is now little difference between the average temperatures of local authority and 
owner occupied households, there should be little difference in the overall degree of 
takeback between these two tenures; 

• energy efficiency measures which increase radiant temperature, such as double glazing, 
enable the occupants to be comfortable at a lower air temperature and thus reduce the 
degree of takeback by up to 20%; 
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• there is a lack of suitably monitored and analysed projects to enable a rigorous 
assessment of takeback, particularly for higher income households; 

• the present low levels of warmth and slow rate of improvement in average temperatures 
will mean that investment in the energy efficiency of the UK housing stock will fail to 
achieve the predicted energy savings for at least another 15 years. 
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1. Introduction 
In most cases of domestic energy efficiency retrofits, there are varying degrees of 
difference between the predicted energy savings, based on the calculated heat loss 
reduction, and the actual energy savings achieved in practice. Many of the early projects 
were considered disappointing when they did not realise the expected theoretical energy 
savings. This shortfall was as a result of an increase in the average indoor temperature of 
the houses following the upgrade, due to the physical processes involved and because the 
occupants deliberately took back some of the potential energy savings as improved 
comfort. The degree of this `takeback' effect is dependent on a number of factors, but as 
will be shown here, the most important is the average internal temperature of the house 
before the improvement. Low-income households generally have lower average indoor 
temperatures than wealthier households. They are responsible for a smaller proportion of 
total carbon dioxide emissions, with the 30% of households with the lowest incomes 
emitting only 24% of UK carbon dioxide (CO2) (Boardman 1990). There is, therefore, a 
danger that energy efficiency schemes will be targeted on the rich rather than the poor in 
order to guarantee substantial carbon savings under the Government's CO2 emission 
reduction programme. 

In addition to the direct financial and environmental rewards, there are other benefits 
resulting from energy efficiency upgrades to be considered. An increase in the indoor 
temperature may be desirable because it: 
• improves the health of the occupants; 
• reduces the adverse affects of condensation on the building fabric, resulting in lower 

redecoration and repair costs; 
• makes the property more lettable, resulting in fewer voids for the landlord. 

If the socially desirable goals of, on the one hand, energy conservation and carbon dioxide 
emission reductions and, on the other hand, affordable warmth for low-income households 
are to be attained, the nature of takeback must be more thoroughly understood. Then, the 
benefit of energy efficiency measures in improving the living conditions of low-income 
households can be assessed along with environmental benefits of carbon dioxide and 
energysavings. 
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2. Background 
The UK domestic sector is expected to be the major contributor to the Government's 
carbon emission reduction programme, as agreed at the Rio summit, which pledges a 
return to 1990 emission levels by the year 2000 (DoE 1994). Overall, the domestic sector 
is expected to save 4 million tonnes of carbon (MtC), 1.5MtC through the imposition of 
VAT for the first time on domestic fuel, and 2.5MtC through direct energy efficiency 
improvements. 

The Energy Saving Trust (EST) was established by the Government, in conjunction with 
British Gas and the public electricity supply companies, to develop and propose schemes 
for the efficient use of energy by domestic and small business consumers which would 
result in this savings target of 2.5MtC being attained. However, uncertainty about the 
EST's funding means that this target is unlikely to be achievable. 

Although the first phase of VAT at 8% was successfully introduced in April 1994, the 
second tranche to raise it to the full 17.5% failed to pass through Parliament following the 
November 1994 Budget. This may well increase pressure on the EST to ensure that all 
schemes which it backs will return significant and 'guaranteed' carbon dioxide savings to 
ensure that the Government's commitment can be achieved. To date, the projects approved 
by the EST appear to provide lower-income households with an adequate, but not 
generous, proportion of the benefits. 

With around seven million households in the UK suffering fuel poverty to an extent which 
affects their health and well being (Boardman and Hunt 1994), and the inequality gap 
between rich and poor increasing (Rowntree 1995), it is important to ensure that these 
households are not further disadvantaged by policies aimed at reducing CO2 emissions and 
energy consumption. 
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3. The mechanism of temperature takeback 
There are two separate but interactive processes which cause indoor temperatures to rise 
after the installation of energy efficiency measures — physical and behavioural. 

3.1 Physical factors 
The reduction of dwelling heat loss due to energy efficiency measures such as insulation, 
draught proofing or double glazing has three main effects: 
• it reduces the amount of energy required to maintain a given indoor/outdoor 

temperature differential; 
• it results in a more even distribution of warmth throughout the house; 
• in the case of an intermittent heating system, it reduces the rate at which a house will 

cool down when the heating is off and delays the time at which it needs to be switched 
back on. 

As a consequence of the last two of these effects, the average 24 hour temperature of the 
house will increase and the uniformity of temperatures throughout the house will improve, 
even if the heating control thermostat is kept at the same setting as before the 
improvement. The lack of an adequate control system may mean that in some instances 
there will be an unwanted temperature increase, either throughout the house or in some 
parts of it. 

Insulation and double glazing will also increase the radiant temperature of the internal 
surfaces and may alter the conditions for comfort (see section 3.3). 

3.2 Behavioural factors 
Most households in the UK are not warm enough, so, if the price of warmth falls, they will 
tend to use more. As a result, some intentional increase in temperatures will result 
following energy efficiency improvements. This is usually most noticeable in previously 
energy inefficient houses occupied by low-income households as their initial temperatures 
are often very low due to financial constraints. They therefore have the most to gain in 
comfort terms from efficiency improvements which reduce the marginal cost of extra 
warmth. The Institute of Fiscal Studies has estimated that the poorest 20% of households 
is ten times more sensitive to energy prices than the richest 20% (Crawford et al 1993). 

Many low-income households are able to maintain at least their living room at a reasonable 
temperature for comfort within their budgetary constraints. Even this minimal level of 
warmth may not be possible for very poor households without access to cheap fuel. A 
national temperature survey conducted in 1978 (Hunt and Gidman 1980) and the 1986 
English House Condition Survey (DoE 1991) found that, on average, the living rooms in 
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local authority housing, which are generally occupied by low-income households, were 
warmer than those of owner occupied houses. So even if they choose not to heat their 
living room to a higher temperature, low-income households may be able to heat more of 
their house if reduced heat losses allow them to do this within their budget. In most of the 
projects examined here this was the case, with average living room temperatures rising 
only a small amount compared to average whole house temperatures. 

The interaction between these physical and behavioural processes is complex and will 
produce a range of outcomes between, on the one hand, nearly all the benefit taken as an 
energy saving and, on the other hand, nearly all taken as extra warmth. The reduction in 
heat loss may mean that some people are prepared to pay for more energy than was 
previously the case once they realise that they can now get better value for their 
expenditure on heating. The investment may have resulted in a switch to a cheaper fuel 
source, such as off-peak rather than on-peak electricity, or a more efficient heating system 
enabling them to spend the same amount of money, or perhaps even less, but obtain more 
energy services. This was the case in three projects which were examined. More generally, 
the outcome is some combination of reduced energy consumption and increased household 
temperature. 

However, as mentioned above, the physical processes involved will mean that even a 
previously well-heated house will experience some degree of average temperature increase 
unless the thermostat setting is lowered or the heating period is shortened. An increase in 
temperature above that desired may also occur if the occupants do not adequately 
understand the operation of the heating controls. However, for the purpose of the analysis 
undertaken in this report, any temperature rise is assumed to be voluntary and, therefore, a 
benefit. 

3.3 Energy efficiency and comfort 
Human perception of thermal comfort is a mixture of the physiological and psychological. 
Fanger has derived an equation to express comfort in terms of a complex inter-relationship 
of a large number of physical factors, the most important being air temperature, air 
velocity, relative humidity and, last but not least, the mean radiant temperature of 
surrounding surfaces (Fanger 1970). While this ignores the psychological aspect, it does 
indicate the most important physical parameters. In UK housing, humidity is rarely an 
important influence on comfort in winter, although it is of great significance for problems 
such as condensation. 

The different energy efficiency measures will have different effects on thermal comfort, as 
they affect different aspects of physiology. A measure such as cavity wall insulation, even 
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though it might have about the same effect on overall heat loss as loft insulation, may 
result in greater improvement in the level of comfort in a cold house as the radiant 
temperature of the walls will be substantially increased. The same may also be true for 
double glazing. The project in Birmingham examined in this report (see Appendix A), 
where loft insulation and double glazing were installed in the test houses but wall 
insulation was not, supports this to some extent. Here the occupants attributed little benefit 
to the loft insulation, which was installed in both the test and control houses, and 
temperatures in the test houses were actually lower than in the control houses, possibly due 
to the presence of double glazing - ...the double glazing was particularly liked. The 
majority of occupants said it had reduced condensation and made rooms more 
comfortable...'. However the issue is clouded somewhat by the fact that draught proofing 
was also carried out as part of the energy efficiency upgrade in this project; this could also 
result in comfort being attained at lower air temperatures due to reduced air movement. 
This has implications for the way in which people use their heating appliances following 
the installation of measures such as wall insulation and double glazing and hence the 
extent of takeback. For example, they may turn down the thermostat or adapt to the new 
conditions by wearing lighter weight clothing. 

It has generally been considered that the winter temperature for comfort in a living room is 
210C. However, recent research by the Building Research Establishment (BRE) on a large 
number of recently built owner-occupied houses found the average living room 
temperature to be 19.30C, which the occupants rated as neutral to warm on a standard scale 
(Oseland 1994b). Most of the houses had cavity wall insulation and double glazing, as 
well as the required standard of loft insulation. The resulting higher radiant surface 
temperatures mean that the same level of comfort can be provided at a lower air 
temperature than in houses without these measures. It is possible, therefore, that the 
average household temperature of a much more energy efficient UK housing stock may not 
rise much above 200C. 

3.4 Experience in the USA 
There has been a similar concern with the discrepancy between the predicted and actual 
outcome of energy conservation measures in the USA. Some research has been conducted 
to determine if this is due to 'deliberate' behaviour on the part of the occupants in taking 
part of the benefit as a higher level of comfort by turning up thermostats, or because of 
inadequacies in energy modelling or the weatherisation' techniques themselves. As a 
result, the analysis has concentrated on whether there have been voluntary changes to 
thermostat settings and heating appliance usage patterns following the upgrades (see for 
example Wiehl et al 1989). 
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It has generally been found that thermostat settings in living rooms increased by only about 
a small amount, typically about 0.5°C, and concluded that conscious takeback is not a 
significant factor (Nadel 1994) even though household occupants have reported being 
more comfortable. However, such an approach is not necessarily a good indicator of the 
degree of takeback, because, as mentioned above, some of the warmth benefit is as a result 
of the physical processes involved, and not always a voluntary decision to increase the 
temperature. Also, the living room temperature is not a good indicator of whole house 
average temperature, at least in the UK, where a warm living room may be found in an 
otherwise cold house. In addition, the average household temperatures in the US, 
measured across all income groups, are generally significantly higher (Boardman 1991), so 
a smaller amount of takeback would be expected in the UK. 

The US debate concentrates on whether takeback exists rather than accepting that there 
will be some degree of takeback and trying to quantify it. Consequently, the conclusions 
of this US research are not very useful in the UK context. There is more to assessing the 
benefit of energy efficiency upgrades than simply whether people choose to have a warmer 
living room. 

An extensive literature search has not revealed any studies of takeback in other countries. 

9 



-  

•  

__ -.__ . H 

10 

0 • 
1976  1978  1980  1982  1984  1986  1988  1990  1992 

90 

80 

70 

ko.  60 r 
In 

50 • 
0 

I40 

1 —•—  owner occupied 
—0—  local authority 
—private rent 

0 
U 
O 30 

20 

4. The energy efficiency of the British housing stock 
Substantial changes have taken place in energy efficiency levels across all tenures of the 
housing stock in Great Britain over the past 15 years. The main trends for the different 
tenures are outlined below from figures published by the Building Research Establishment 
(BRE 1995). The indicated ownership levels for local authority and privately rented 
housing fluctuate due to the smaller number of these types of tenure in the annual sample 
of 10,000 households from which these figures are derived. There is no similar effect on 
temperatures as these are calculated, not measured. 

4.1 Central heating ownership 
Ownership levels of central heating across all tenures have risen significantly (Figure 1). 
Local authority housing, although still at a lower level, is now very similar to that of owner 
occupied, whereas the privately rented sector still lags behind. 

Figure 1. Ownership of central heating by tenure, GB 
Source: BRE 1995 

4.2 Insulation levels 
Figure 2 shows the ownership levels of loft and cavity wall insulation and double glazing 
across the housing tenures. These are total figures for any level of ownership, and do not 
reflect the depth of loft insulation. Owner occupied houses have both a greater depth of loft 
insulation and more of the house double glazed than the other tenures, in addition to higher 
ownership levels of these measures. 
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Figure 2: Ownership of insulation measures, GB 
Source: BRE 1995 
Note: these are percentages of the potential, with a cavity/loft 
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4.3 Internal temperatures 
As will be shown in the analysis below, the degree of takeback is related to the average 
internal temperature of the house before the energy efficiency improvements. BRE have 
calculated average winter indoor temperatures using their BREHOMES model (BRE 
1995). The change over the period 1977-91 for local authority, owner occupied and 
privately rented houses is shown in Figure 3. The peak in 1990 is due to an unusually mild 
winter reducing the overall heat loss. 

Internal temperatures have risen significantly over the period across all tenures. It can be 
seen that although in 1978 there was a range of 0.750C between local authority and owner 
occupied houses and 10C between privately rented and owner occupied houses, all tenures 
have become much closer in recent years. The differences found in the national 
temperature survey in 1978 (Hunt and Gidman 1980) were used as the basis for the BRE 
calculations for the main tenure groups. However, both the temperature survey and the 
survey of insulation measures used by BRE in their calculations include only a small 
number of privately rented houses, so some degree of error is possible. 

This decrease in temperature difference across tenures is largely attributable to the spread 
of central heating to local authority and privately rented housing. Although averages can 
hide extremes, tenure alone is no longer a reliable indicator of average internal household 
temperatures. 

1976  1978  1980  1982  1984  1986  1988  1990  1992 

Figure 3: Average domestic indoor winter temperatures, GB 
Source: BRE 1995 
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Although averages, of course, hide extremes, they are a guide as to the general effect of 
takeback on a tenure group, since major energy efficiency refurbishment programmes will 
usually be applied to a large number of houses and the overall temperature will therefore 
be closer to the average. This is the case for projects examined here, with average 
temperatures corresponding quite well with the calculated local authority averages for the 
years concerned. 
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5. Methodology and analysis 
The benefit of an energy efficiency improvement can be measured in a variety of ways as 
there is a before and after: 

energy efficiency; 
temperature; 

-  cost of a unit of fuel, where there has been fuel switching. 
Each of these parameters would normally be measured differently: degrees Centigrade for 
warmth, kilowatthours for energy and money for fuels. Unfortunately, there is no common 
or agreed procedure for assessing energy efficient measures. The analysis here is 
undertaken in energy units, as that is the most common measurement method and gives 
access to the maximum number of studies. 

The amount of energy saved in practice (B-C in Figure 4) is uncontroversial and is 
common to all of the analysis. 

The debate, in this report, is about the value of the temperature rise to the occupants, so the 
results of the energy efficiency improvements are examined in two ways. The energy value 
of the additional warmth obtained by the occupants is examined as if the higher, final 
temperature had occurred: 
• in the original, unimproved house (A-B in Figure 4); or 
• in the new, improved dwelling (C-D in Figure 4). 

It will be shown that both approaches yield similar results. 

Calculations of the benefit of an energy efficiency improvement could be obtained by: 
• using a domestic energy model and limited monitoring data, such as temperatures or 

fuel consumption before and after alterations, and calculating benefits based on 
theoretical heat losses. This was the method used by BRE to assess the benefits from 
HEES work, based only on fuel consumption figures with no temperature recording 
(Oseland 1994a); 

• using fully monitored data from projects which recorded full details of indoor and 
outdoor temperatures and space heating energy consumption before and after the 
upgrade. 

Although the first approach allows a greater number of projects to be assessed, the 
influence of behavioural factors on energy consumption may reduce its validity. For 
example, if windows were opened more before the upgrade than after, to combat 
condensation, this will alter the relationship between energy and indoor temperature and 
make it very difficult to estimate initial consumption or temperatures. As a result, it was 
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decided to restrict the analysis in this research to fully monitored projects which recorded 
all the necessary parameters before and after the modifications. 

5.1 Assessing the energy value of extra warmth 
The method used in this report for assessing temperature takeback compares measured 
energy consumption and temperatures before the energy efficiency improvements — the 
control houses — with those afterwards — the test houses. It is assumed that the achieved 
temperature in the test houses following energy efficiency improvements is the one 
preferred by the occupants, given their budgetary constraints. By calculating how much 
extra energy it would have taken to heat the original houses to the same temperature, the 
actual energy saving can be expressed as a fraction of this figure. This is illustrated in 
Figure 4. 

35 

30  Before upgrade 

25 
A 

20 
B 

15  After upgrade 
D  

10 

5 

0 
13  14 T'15  16 T2 17  18  19  20 

Indoor temperature (°C) 

Figure 4: The assessment of temperature takeback 
Note: For the purpose of explanation the average internal temperature is shown. 
As energy consumption for space heating is proportional to the internal/external 
difference for a given heat loss and not just to the internal temperature, the 
differential has been used in the calculations in this report. 

In this example, a house which was heated to temperature T (14.5°C) before the 
upgrading used B units of heating energy. After the upgrade, the temperature rises to T2 
(16.50C) and only C units of energy are consumed. To heat the original house to 16.50C 
would have required A units of energy. 
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The energy actually saved, B-C, is expressed as a percentage of the energy used before the 
upgrade (B). These data are shown in the first results column of Table 1. 

A-B represents the energy value of the additional warmth as if it had occurred in the 
original property. This can be expressed as a percentage of the total benefit, A-C. It is 
important to use a percentage benefit figure to allow a comparison across schemes of 
different factors, such as the measures carried out and the initial temperature, which would 
not be possible by simply comparing energy savings. For example, there may be a smaller 
degree of temperature takeback following cavity wall insulation than from loft insulation. 
Although the heat loss reduction due to these measures may be similar, the higher radiant 
temperature of the walls resulting from cavity fill may allow a lower air temperature to be 
maintained for the same level of comfort. 

The second results column in Table 1 gives the value of the additional warmth, as if the 
temperature rise had occurred in the property before improvements, that is A-B/A-C. 

The final calculation is the value of the additional warmth in the improved property. This 
is often described as takeback, because the consumer has effectively 'taken back' some of 
the energy that was saved by the energy efficiency improvement and decided to use it for 
extra warmth. Takeback is defined as the amount of energy taken as extra warmth 
following an energy efficiency improvement, expressed as a percentage of the energy 
which could have been saved if there had been no temperature increase. 

Temperature takeback is assessed in the following way (referring to Figure 4). B is the 
original energy consumption at temperature T 1, D would have been the consumption if the 
house had been kept at the same temperature following the upgrade, and C is the actual 
energy consumption at the final temperature T2. Then temperature takeback is C-D/B-D. 

This is a somewhat unrealistic assessment because, as outlined in section 4.1, some degree 
of temperature rise is almost inevitable due to the physical processes involved. The 
temperature takeback - the value of the additional warmth in the improved property - is the 
third results column in Table 1. 

5.2 Available data 
The analysis of monitored data is a very time consuming task, especially when there has 
been no consistency in the recording techniques, and is outside the bounds of this research 
project. Analysis could take days or even weeks, depending on the amount of filtering 
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required to ensure that only valid data is used. Consequently, it was necessary to rely 
largely upon projects where the necessary analysis had already been undertaken. 

Unfortunately, there have been very few projects which have been monitored and analysed 
to the required degree and, even within those that have, there are some problems which 
limit the usefulness of the data collected. For example: 
• monitoring during the first heating season after the work when building works were 

still drying out and therefore needing more heating and ventilation to control 
condensation; 

• a change of occupants before and after the upgrade; 
• problems with heating controls. 

As a result, some projects had to be excluded. In addition, almost all of the adequate 
monitoring that has been conducted has involved social or low-income housing and so it is 
difficult to generalise to all housing types. Another limitation is that most of the projects 
comprise multiple changes to the houses and almost all involved the installation of some 

• form of wall insulation. This makes a comparison of the different measures difficult. • • • • • • • • • 

Most of the projects analysed here were part of the Department of the Environment's 
(DoE) Better Insulated House Programme (Campbell 1984) and the Energy Efficiency 
Office's Energy Efficiency Demonstration Scheme and Best Practice Programme, ranging 
from the mid 1970s to the late 1980s. The relevance of some of the earlier projects is 
limited given the changes to the housing stock characteristics outlined above. A number of 
more recent flagship projects from the DoE's Green House Programme have been 
monitored over the past several years, but unfortunately the data will not be made available 
until the reports are published in the near future. The results from an independently 
monitored scheme conducted by the London Borough of Croydon were available and have 
been included. A full listing of the projects analysed is included in Appendix I. 

• Heatwise in Glasgow have the results of monitoring undertaken as part of their affordable 
warmth programme on the Easterhouse Estate (Heatwise 1995). However, the data have 

• 
not been analysed on the basis required here, as they are primarily interested in the overall 

• fuel costs rather than heating energy specifically, and the energy usage breakdown is not 

• available without a large amount of further analysis. 

• 
Where the required data are available, as in the projects listed, a consistent approach to the 

• analysis has been applied, as the original analyses tended to differ somewhat in their 
approaches. However, complete consistency is not possible, as the monitoring programmes 

• themselves varied between projects. In some cases, monitoring was conducted over a 

• 
• 17 
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shorter period than a full heating season and the results extrapolated. In others, 
temperatures in three or four rooms were used to calculate a whole house average, whereas 
some took the hall temperature to represent the household average. For these reasons it 
would be necessary for a proper analysis to re-analyse the raw data which were collected. 
It is doubtful whether this would be worthwhile for projects as old as the Better Insulated 
House Programme, since insulation techniques and social factors, such as people's 
expectations, have changed significantly since the mid 1970s. 
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cwi, >li 
cwi, >li 
cwi, >li 
cwi, dg 
cwi, >li 
cwi, >li, dg 
cwi 
ewi, dp 

35  39  30  13  1.5 
31  37  26  15  1.6 
15  66  56  15  2 
22  41  32  15.5  1.9 
17  37  31  17.8  1.2 
14  25  22  17.8  0.6 
9  69  63  15.8  1.4 
2  88  82  13  1 

Results of the analysis 
Table 1 shows the energy efficiency measures installed for the various projects, the 
relevant temperature figures, the actual percentage of heating energy saved (1st results 
column), the percentage of benefit taken as increased comfort, as if it had occurred in the 
original house (2nd results column) and in the improved house (the temperature takeback -
3rd results column). 

Table 1. Summary of results 

Project 
(..) = point 
Figure 5 

Measures 
on installed 

% energy 
actually 
saved 

% of benefit 
as warmth, 
original 
house 

of 
benefit as 
warmth, 
improved 
house 
(takeback) 

Tcontrol 
(°C) 

Trise 
(°C) 

• • • • • • • • • • • • • • • • • • • • • • • • • • • 
f 

• • • • • 

Whitburn (whi) 
Hamilton (ham) 
Plymouth (ply) 
Darlington (dar) 
Coventry 1 (covl ) 
Coventry 2 (cov2) 
Bourneville (bou) 
Tewkesbury  1 
(tew 1) 
Tewkesbury 
(tew2) 
Manchester (man) 
Merseyside (mer) 
Birmingham (bir) 
Croydon (cro) 
Sandwell (san) 
Knowsley (kno) 

cwi, >li, dg  45 
iwi, dg, dp  33 

dg, dp  23 
ewi, dg, my  65 
iwi, dp, ch  na 
ewi,dg,dp,ch, na 

29 
 

16 
 

18 
 

2.3 
19 
 

12 
 

15.8 
 

0.5 
51 
 

34 
 

13.5 
 

1.6 
44 
 

21 
 

17 
 

2.8 
75 
 

50 
 

13.9 
 

3.5 
40 
 

35 
 

16 
 

6 

2 ewi, dp, ch 18  67  54  13  2.8 

my 
HEES (hees) 
 

dp, some li  2  77  15  
Key to measures: > - extra if some already in place, cwi - cavity wall insulation, li - loft 
insulation, ewi - external wall insulation, iwi - internal wall insulation, dp - draught 
proofing, dg - double glazing, ch - central heating, my - mechanical ventilation with heat 
recovery 
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This summary of results indicates that: 
• the majority of projects found initial temperatures below 16°C, the minimum level for 

health (Boardman 1991); 
• even as recently as 1987, the Sandwell project found an average, whole-house 24-hour 

temperature of 13.9°C throughout the sample; 
• even after improvements, the final temperature was still below 16°C in four projects 

(Whitburn, Tewkesbury 1 and 2, Birmingham); 
• the amount of energy saved ranged from 2 - 65%; 
• 19-88% of the energy benefit of the improvement would have been used by the 

householders to provide additional warmth in the original house, whereas this was 
reduced slightly to 12-82% in the improved houses; 

• therefore, the energy benefit of the warmth is similar with both methods. 

There have been two examples of monitored projects, Sandwell and Knowsley Heights -
both high rise 1960s blocks, where energy consumption after the energy efficiency 
improvements actually rose, but, because of changes in the heating system, the 
householder's energy costs fell. In cases such as these, the only way to assess the benefit 
is on the basis of cost. In essence, this means replacing energy on the vertical axis in Figure 
4 with £s. Although this is not directly comparable to the other projects analysed here, it is 
possible to calculate the monetary rather than the energy value of the warmth benefit. 
These projects have been included with this proviso. 

In the case of Sandwell, the measures included installation of off-peak night storage 
heaters to replace off-peak under-floor electric heating, in addition to fabric improvements, 
such as internal wall insulation. Because the under-floor heating was so expensive to 
operate, the tenants had previously chosen to heat only one or two rooms with electric 
radiant heaters. Following the upgrade, they were able substantially to increase their 
comfort level by 3.5°C while reducing their spending on heating energy by 38%. However, 
space heating energy consumption increased by about 50%. 

At Knowsley Heights in Liverpool, the poor level of thermal insulation of the walls once 
again meant that the tenants could not afford to heat the whole flat and they generally used 
on-peak electric heating instead of the existing night storage heating system. Following the 
upgrade, they too were able to purchase more energy for less money. In this case, 
temperatures rose by an average of 6°C, spending again fell by 38%, and space heating 
energy use increased by 55%. This temperature rise, taking the average internal 
temperature to 220C, indicates a lack of heating control, as it is in excess of what would 
normally be expected. A lack of understanding of the heating system and controls on the 
part of a number of the tenants became apparent during the monitoring. A smaller 
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• • 
• temperature rise would reduce the amount of takeback, but, in the absence of information 

• 
to the contrary, it is assumed that all of the rise is a benefit. 

• Also included in the data is the result of the HEES survey conducted by BRE in 1991 
(Ward 1994). Although this is based on a modelling approach and is not directly 

• 
comparable to the technique used for the rest of the projects analysed in this report, it has 
been included for comparison, as there are few other analysed examples of large scale 

• surveys of the more minor energy efficiency measures, such as draught proofing. It has not 

• been included in the numerical analysis. 

• 
Unfortunately the HEES survey did not incorporate any actual temperature measurements. 
An estimate of an average initial temperature of 15°C for the houses in the survey was 

• used, based on the reported ownership level of central heating. Ownership was relatively 

• 
low at 53% since the households needed to be on one of the means-tested passport 
benefits, and therefore low-income, to receive the HEES grant. The great majority of 

• households in the survey (75%) only had the draught-proofing element of HEES installed. 

• Based on BREDEM analysis, the survey concluded that the energy saved represented 23% 

• of the total benefit with 77% taken as increased warmth. However, this assumed a final 
average temperature of 18°C, which would almost certainly represent a large increase over 

• the initial temperature. This seems unlikely given the tenure and income of the households 
and the nature of the energy efficiency measures undertaken. A more realistic lower final 

• temperature would mean a smaller degree of takeback. 

Comfort surveys were included in the HEES assessment and these indicated an increase of 
0.7 in the comfort vote after the improvements (see Appendix B), which corresponds to a 
temperature rise of about 20C. However, this relied on the respondents' memories of 
conditions before the HEES work rather than actual surveys at the time, which limits the 
usefulness of the findings. 

• • • 
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6. Discussion 

6.1 Effect of initial temperature 

6.1.1 The effect on the percentage of the benefit taken as warmth 
Figure 5 plots the temperature takeback as a function of the average internal temperature of 
the control house, that is, the temperature before improvement. It can be seen that there is a 
reasonable correlation (R = -0.62) between the temperature of a house before upgrading 
and the percentage of the benefit taken as temperature takeback. The line AB is the line of 
best fit for all projects and suggests that, for housing at the present estimated average 
temperature of local authority housing of 16.50C, the temperature benefit will be 
approximately 40% of the total benefit. 

11.00  12.00  13.00  14.00  15.00  16.00  17.00  18.00  19.00 

Initial tem pe rature (°C) 

Figure 5: The relationship between efficiency improvements, initial indoor 
temperature and takeback, as if it had occurred in the original house 

As would be expected, there is a wider range of values for colder houses. This is because 
occupants of houses which are already at a high average temperature are able to afford to 
heat their homes to a comfortable level. They will therefore take most of the benefit as an 
energy/money saving and the rest as a small, possibly involuntary, temperature rise, 
generally leading to a more predictable outcome. Occupants of cold houses, on the other 
hand, may choose to save the energy/money because of financial constraints, or take more 
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benefit as an increase in comfort level if their budgets are not as restricted, leading to wider 
range of outcomes. 

A problem with this analysis is that, in many instances, the occupants of the houses 
changed before and after the energy efficiency works, or the control group comprised 
houses which had not been upgraded. The initial temperature assumed here for the trial 
group, therefore, may not be the same as for the previous occupants or the occupants of the 
control group. In some studies, the initial temperatures of the two groups were checked for 
compatibility, but this was not done in all cases and hence could be an additional source of 
error. 

6.1.2 The effect on takeback 
Figure 6 shows the amount of takeback as a function of the initial temperature. It can be 
seen that the result is very similar to Figure 5, with the line of best fit displaced downwards 
by about 10% (R= -0.68). This means that at the current average temperature of the UK 
housing stock (16.5°C), energy efficiency improvements will result in achieving 
approximately 70% of the theoretical energy saving, and 30% will be taken as additional 
warmth. 

Figure 6: The relationship between efficiency measure, initial indoor temperature 
and temperature takeback, in the improved house 
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As takeback is a fraction of the potential energy saving, the percentage of the potential 
saving which will be achieved by an energy efficiency upgrade can be estimated from the 
initial temperature by subtracting the percentage of takeback from 100, as shown in Table 
2. 

Table 2 Initial temperature and energy savings 

Initial temperature (°C) % of theoretical energy saving achieved 
14 54 
15 60 
16 66 
17 72 
18 78 
19 84 
20 90 

It is not until internal temperatures are around 19-20°C that 80-90% of the potential saving 
will be achieved. Other than this difference, the discussion in the following sections 
applies equally to both methods of assessment. 

6.2 Effect of different efficiency measures 
Overall, those projects which had double glazing installed also had lower levels of 
temperature takeback than those fitted with single glazing. As outlined in section 4.3, this 
may be due to a higher radiant temperature resulting in a lower air temperature to attain a 
certain comfort level. This would appear to be the case in the Coventry and Birmingham 
projects, where the test houses with double glazing were slightly cooler than those with 
single glazing. Figure 5 also shows separate best fit lines for those projects which 
incorporated double glazing and those with single glazing. This indicates that the inclusion 
of double glazing may reduce the amount of takeback by about 20%, and implies a lower 
air temperature than if single glazing had been installed. 

One possible reason for this lower air temperature is a higher radiant temperature, as 
outlined in Section 3.3. However, the issue is complicated by two other factors: 
• double glazing almost always includes draught proofing, which may also mean that 

comfort can be achieved at lower air temperatures due to reduced air movement; 
• double glazing may result in windows being opened less often to combat condensation 

on the glass, which will also reduce energy consumption. 
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• • 
• As occupant actions, such as window opening, were not recorded in the monitoring, it is 

• 
difficult to draw a definite conclusion as to which of these is the more important element. 

• The small number of samples in each category reduces the significance of this finding, as 

• does the fact that the houses which had double glazing fitted were at the warmer end of the 

• 
sample to begin with, which would reduce the degree of takeback. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

It was clearly considered that behaviour patterns were more important than household type 
in determining energy usage. Hunt and Gidman in their 1978 survey also found that 
household composition was only a minor factor in determining household temperatures 
compared to others such as household income. Households with children under 16 were 
about 0.70C wanner than those containing only adults, due to more of the house being 
heated. This is borne out by the Merseyside project which found that  highest 
temperatures tend to be found in family households', and the Coventry project (see 
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6.3 Social factors 
Many of the projects included various forms of social surveys of the participating 
households. It was hoped to be able to cross reference these with the monitored results to 
enable some correlation of the energy savings with household composition, income and 
fuel spending patterns. This did not prove to be possible for several reasons: 
• although the fuel and temperature data collected from many of the projects is stored in 

the BRE Domestic Energy Archive, the results of the social surveys are not. It would be 
very difficult and time consuming, if at all possible, to reconnect the two; 

• even if it were possible to obtain the necessary results, there would be problems with 
breaching confidentiality by passing on information which could be connected to a 
particular household. 

Consequently, it has not been possible to assess properly the effect of these social factors 
on the results. This is probably not a great problem, as it is likely that major energy 
efficiency programmes would be aimed at particular types of housing rather than types of 
households. It is unfortunate from the point of view of trying to understand the responses 
of different types of households, which may be useful for other policy measures. Even so, 
the Merseyside project (see Appendix A) emphasises the difficulty of drawing meaningful 
conclusions from specific household types, even when a major social survey is conducted: 

It is not possible from the results to predict likely energy 
consumption for specific types of household.... Energy 
consumption varies widely and reflects the differing behaviour of 
households. 



Appendix A) where `.... a large proportion consists of households with small children... 
(which) contributes to a high energy need, especially in relation to income'. Households 
containing elderly people were about 0.6°C cooler than those without. 

Household income was a significant factor in determining household temperatures, largely 
because of the relationship between income and central heating ownership. At the time of 
the 1978 survey (Hunt and Gidman 1980), only 45% of local authority households had 
some form of central heating compared to 78% in 1992, of which over 70% were gas fired. 
Hence many more low-income households have access to more affordable heating. This 
change is reflected in the closing gap in temperatures between local authority and owner 
occupied households mentioned above (Figure 3). Central heating ownership is still, 
however, strongly skewed towards higher income groups. In 1986, only 60% of households 
with an income of less than £3000 had central heating compared to about 80% of 
households with an income of more than £6500 (Boardman 1994). 

The households in the project in Merseyside, which included an extensive energy advice 
campaign, took the greatest proportion of the benefit as an energy saving. These houses 
had an already relatively high average temperature of 15.8°C, so a lesser degree of 
temperature takeback would have been expected, but not to the extent achieved. It was 
considered that the advice campaign had been highly successful in raising occupant 
awareness of energy issues. Unfortunately, it is not clear whether this was due to a concern 
for energy conservation or a better understanding of how to control energy in the home. 
The results - a temperature rise of only 0.5°C and an energy saving of 33% - make a strong 
case for the benefits of energy advice, especially when accompanying improvements. 

6.4 Carbon dioxide emissions 
In all the projects examined here, with the exception of Tewkesbury, Sandwell and 
Knowsley Heights, no changes were made to the heating systems as part of the energy 
efficiency upgrade. In some projects there was a degree of fuel switching from general 
tariff to off-peak electricity which would have altered the CO2 emissions to a small extent. 
Emissions from off-peak electricity are about 10% lower than general tariff electricity as 
the least efficient coal-fired power stations, which emit the highest levels of CO2, are used 
to provide peak electricity supplies, whereas nuclear and lower emission gas stations 
provide more of off-peak supplies. However, in most of the projects the degree of fuel 
switching has not been included in the published results. Consequently, any reduction in 
the CO2 emissions due to the measures undertaken has been taken to be directly 
proportional to the actual energy saving. In the case of Tewkesbury, a number of the test 
houses were fitted with gas-fired warm-air central heating in place of open fireplaces or 
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• 
• 
• gas room heaters, and for these an assessment of the affect on overall CO2 emissions has 

been undertaken. 

• As mentioned, for Sandwell, the change from peak to off-peak electricity resulted in a rise 
in consumption, and therefore a rise in CO2 emissions (Table 3). Space heating energy 

• 
rose by 50%, but switched from general tariff to about 90% off-peak. In 1990, the CO2 
emissions from off-peak electricity were approximately 10% lower than for general tariff, 

41  so that total emissions due to space heating would have risen by about 37%. It is evident 
that, to combine the dual goals of reduced heating costs and lower CO2 emissions, 

• 
consideration must be given to utilising, where possible, gas rather than switching to off-
peak electricity. 

• 

• 

41  Table 3 CO2 emissions 

Project % change in energy usage % change in cost % CO2 change 
Tewkesbury 2 (tew2) -18 -31 - 42 
Sandwell (i) electric +50 -36 +37 

(ii) gas +100 - 46 - 45 

• Table 3 also demonstrates, for the Sandwell project, the effect on cost and CO2 emissions 

• of using gas heating rather than night storage heaters to supply the same amount of useful 
energy, based on a gas heating efficiency of 65% and 1989 emission rates and fuel costs. 
Although energy use would have doubled, heating costs would have been reduced further, 

• and CO2 emissions reduced rather than increased. If there is no alternative but to utilise 

• off-peak electricity in order to achieve affordable warmth, then greater insulation is 

• 
required to avoid increased energy consumption. The installation of double glazing at 
Sandwell would have reduced energy consumption, cost and CO2 emissions. It is unlikely 

• that a similar refurbishment undertaken now would not include double glazing as part of 
• the efficiency package. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 27 



7. Conclusions 

The analysis in this report shows a clear link between the average indoor temperature of a 
house before the installation of energy efficiency measures and the amount of the potential 
benefit taken as extra warmth. There is also some evidence that different measures result in 
varying levels of takeback. 

Based on the results of monitored projects in low-income households, at the current 
estimated temperature of housing in Great Britain of about 16.5°C, 30% of the potential 
energy saving will be taken as an increase in the comfort temperature. 30% is the figure 
used by the Energy Saving Trust in its calculations for energy efficiency improvements, 
across all sectors. This work confirms that this is the correct percentage for mixed-income 
group projects; a higher percentage - up to half - will be required in low-income schemes. 

It is not until temperatures are around 19°C that 80% is taken as an energy saving. At the 
present rate of increase in average household temperatures, this level will not be reached 
until close to 2010. It could therefore be 15 years before energy efficiency programmes 
approach maximum savings in terms of energy use and CO2 emissions. In the meantime, 
lower levels of savings must be accepted unless the rate of heat loss of the average 
dwelling is increased significantly. This rate of improvement has fallen from around 2% 
per annum in the early 1980s to less than 1% in the early 1990s (BRE 1995). 

This research indicated that there is no reason why local authority households, which 
generally have lower incomes, should not achieve the same energy savings as owner 
occupied households, as the average temperatures of local authority and owner occupied 
housing are now very similar. There is no reason to target owner occupiers as a group 
rather than local authority tenants to ensure CO2 emission and energy savings. To achieve 
`guaranteed' results in energy and CO2 savings, policy measures would need to be aimed 
at the higher income groups who will usually have houses at higher than average 
temperatures - such a policy should be unacceptable. It is important to ensure that low-
income households are provided with affordable warmth at the same time as achieving 
environmental objectives. 

This study has found that there are a limited number of projects which have been 
monitored and analysed to the extent necessary to undertake the type of analysis attempted. 
There is also a trend for such energy analysis to be based on energy modelling techniques 
rather than actual measurements, which will limit the number of suitable future projects to 
add to those examined here, and over-estimate the energy benefits of the measures 
installed. Fully monitored projects, which include in-depth studies of the behavioural 
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• 

• 
• factors involved, are required if a full understanding of the outcome of energy efficiency 

•  programmes is to be achieved. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
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Appendix A Details of the projects analysed 

The following projects were part of the Energy Efficiency Demonstration Scheme: 

Project Date Heating system BRECSU Report Number 

Bourneville 1987 Mostly gas central heating ED 281/319 
Tewkesbury 1 & 2 1981 Control and test 1: gas radiant 

and open coal fires 
F/27/83/88 

Test 2: gas warm air central 
heating 

Manchester 1980 Gas central heating F/37/84/89 
Merseyside 1985 Gas central heating ED 227/209 
Birmingham 1983 Mostly gas central heating ED 255/147 
Sandwell 1987 Control: electric under floor ED 275/297 

Test: night storage 
Knowsley Heights  1989 Electric night storage New Practice Final Report 22 

The following were part of the Better Insulated House Programme and full details can be 
found in the BIHP report (Campbell 1984): 

Project  Date  Heating system  
Whitburn  1974  Electric under floor or storage and electric radiant 

heaters 
Hamilton  1974 Gas central heating and gas radiant in living room 
Plymouth  1974 Mostly gas warm air central heating 
Darlington  1975  Electric ceiling (rarely used) and electric radiant 
Coventry 1 & 2  1974 Gas central heating  

Details of the following scheme had not been published at the time of analysis and so this 
was undertaken from the raw data: 

Project 
Croydon 

Date Heating system 
1992  Electric storage 

The assistance of Tony Rose of the London Borough of Croydon in providing these data is 
greatly appreciated. 
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Appendix B Thermal comfort surveys 
• Thermal comfort surveys are usually conducted by asking participants to rate their comfort 

level at a particular time on a 7 point scale with thermal neutrality represented by 4, as 
• shown below. This is as specified in the international thermal comfort standard ISO 7730 

• (ISO 1993). The neutral or comfort temperature of a group is that temperature at which the 
• mean of the comfort votes of the group is zero. 

• Table B1 A thermal comfort survey scale 

COLD COOL SLIGHTLY NEUTRAL SLIGHTLY WARM HOT 
WARM 

• COOL 

1  2  3  4  5  6  7 

• 
• One unit on the scale corresponds to approximately a 3°C change in the average comfort 

• of a group. 

• 

• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
41 
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