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Summary 
The Billsavers project is measuring the benefits to 
the consumer and the environment resulting from 
the use of energy efficient lighting and energy 
efficient domestic appliances. 

The project has initially focused on low-income 
households where fuel poverty increases the need 
to use energy efficiently but lack of money reduces 
ability to invest in energy efficiency measures. 

The project's objective is to show that it is 
feasible for low-income households to finance the 
purchase of energy efficient appliances and lights 
from the savings and running costs that these yield. 

The first stage of the project established the 
amount and value of electricity used by the 
existing appliances and lighting in a representative 
sample of low-income households. This was done 
by individual metering of appliances and lighting in 
100 households over twelve months. This data 
was then analysed to provide an answer to an 
initial question; was there room to make sufficient 
savings to fund investment in energy efficiency? 
That is, do appliances in low-income households 
use enough electricity that the savings from 
possible energy efficiency measures are likely 
to be large enough to fund the capital costs of 
those measures. 

The results of this analysis were given in the 
previous project report, 'Counting the Cost'. 
They showed that there was sufficient potential 
for energy savings to allow economic replacement 
of lighting and appliances in target households. 
The next logical stage was to carry out a 
replacement programme in participating 
households and then continue metering for 
another year for comparison with the base-line 
consumption measured in the first year. This 
would then establish if these potential savings 
could be achieved in practice. 

This report gives the results of this second year of 
work. They show that substantial and cost-
effective savings were achieved for lights, fridges 
and freezers. Other measures had no significant 
effect or produced savings that were not cost-
effective. The results also suggest that there is a 
strong behavioural influence on savings achieved 
for certain measures, particularly for lighting. 

It appears that there is considerable scope for 
replacement of lighting and certain appliances in 
low-income households where the savings made 
would finance the capital costs involved. If suitable 
financial instruments can be developed, such 
replacements could be a useful instrument in 
simultaneously reducing fuel poverty and reducing 
energy consumption and hence CO2  emissions. 
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Lothian and Edinburgh 
Environmental Partnership 

The Lothian and Edinburgh Environmental 
Partnership (LEEP) was created to develop 
environmentally sustainable economic activity in 
Edinburgh and the Lothians. It is a charity with a 
Board of Directors including representatives from 
the City of Edinburgh Council and Edinburgh 
University. 

LEEP supports initiatives to supply or promote 
environmental products and services (including 
new green businesses) with the potential to create 
wealth and jobs. We also establish demonstration 
projects for environmental technologies and their 
applications. 

LEEP runs various energy efficiency projects. The 
Home Energy Advice Team (HEAT) advise clients 
in Edinburgh's peripheral housing estates on energy 
efficiency and fuel debt. The Lothian and Edinburgh 
Energy Advice Centre provide an energy advice 
service aimed at owner-occupiers throughout 
Edinburgh. We also work with local community-
based credit unions to provide loans for the 
purchase of energy-efficient light-bulbs to people 
on low incomes. As a result of the community-
orientated services provided by these teams LEEP 
has very good contacts with both the formal and 
informal community networks in the city. 

The initial project 

The Billsavers project was conceived in October 
1992, drawing its inspiration from the report 
`Energy Efficiency in Domestic Electric Appliances' 
(I) prepared by March Consulting Group in 1990. 
This report suggested that there was potential for 
significant energy savings if consumers could be 
persuaded to switch to more efficient domestic 
appliances (including lighting). 

LEEP development staff saw such savings, if they 
could be achieved in situ, as an opportunity for 
combining environmentally beneficial energy-
efficiency measures with a means of combating 
fuel poverty. Many low income households in 
Edinburgh and the Lothians suffer from fuel debt 
and fuel poverty, (i.e. they cannot afford the 
energy to maintain reasonable comfort levels in 

their homes). At the same time, their general 
poverty means that they are likely to have 
relatively old, inefficient appliances and inefficient 
lighting and, crucially, to lack the capital to invest 
in the replacement of these appliances even if this 
would cut their electricity bills. Such households 
are thus caught in a double bind. Due to the age 
of their appliances and lights, they probably 
represent the group who could make the greatest 
potential cash and energy savings by getting more 
efficient replacements but they are the least likely 
to be able to afford the necessary investment, 
precisely because of their low income and their 
high electricity bills which are partly due to 
inefficient appliances. 

What is needed is a means of providing the 
necessary investment funds to such households, 
the money invested in efficient appliances and 
lighting being repaid out of the savings made in 
fuel bills. Once these capital costs are repaid, the 
household would see a significant reduction in fuel 
bills and hence in fuel poverty. Such work could 
form the basis of a new type of energy efficiency 
business servicing an as yet untapped market in 
the low-income sector. 

LEEP is interested in the possibility of such a 
business. However, for such a mechanism to 
attract initial investment funds it must be based on 
proven, accurate data concerning energy use by 
lighting and appliances in the home. It is necessary 
to know: 

• How much electricity the typical household 
uses for appliances and lighting if no energy 
efficiency measures have been implemented. 
That is, such an approach is feasible only if the 
current installed base of appliances and lighting 
in low-income households use enough 
electricity that the savings from possible energy 
efficiency measures can produce sufficient cash-
flow to fund the capital employed. 

• What savings can actually be made in practice 
and at what cost. That is, demonstrating 
potential is not sufficient, it is also necessary to 
be sure that sufficient potential savings can 
actually be made by costed energy efficiency 
measures. 

a 
a 
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Unfortunately, when we first became interested in 
this idea such information was not available: 

Most measurements of the energy used by lights 
and by fridges, cookers etc, are based on 
laboratory simulations of their use, involving a test 
cycle based on a number of assumptions about 
actual use. It was not clear whether or not these 
were valid. For instance, behavioural factors might 
be important, e.g. ignorance of the best way to 
use an appliance, demands of particular life-styles 
such as working at night etc. This seemed 
particularly likely where low-income households 
are concerned, because here fuel poverty results 
in different patterns of use of devices in an effort 
to be economical. In addition, appliances in the 
home may not be in good condition, in contrast to 
those used in laboratory simulations. Again this is 
particularly likely in low-income households who 
cannot necessarily afford repairs or replacement. 
Similarly, calculations of possible savings were 
largely based on comparing the laboratory 
consumption of one type appliance or lighting with 
possible replacements and thus were vulnerable to 
the same possible errors. 

The Billsavers project was therefore conceived as 
a way of gathering data on electricity 
consumption by appliances and lighting by 
measurements of real usage by real people using 
real appliances, both before and after a series of 
intervention measures including appliance 
replacement. This would provide a definitive 
measure of the scope for efficiency savings in the 
home; the extent to which these could be realised 
and the cost-effectiveness of the different 
measures tested. 

The project started in January 1993 with an initial 
survey of 302 low-income households. This survey 
covered relevant data about each household's 
social and physical characteristics, including the 
age, condition, type and number of appliances and 
lights present. A representative sample of 100 
households was then selected for full participation 
and twelve months of monitoring of base-line 
electricity consumption started in August 1993. 
This looked at consumption by lighting and by the 
large appliances (fridges, freezers, washing 
machines and cookers) responsible for the 
majority of appliance energy use. The results 
showed that the answer to the first of the above 
questions was positive, i.e. that in many 
households consumption by appliances and lighting 

was high and provided sufficient scope for 
potential savings to suggest that energy efficiency 
measures could be cost-effective. A full analysis of 
the results of this first phase of monitoring has 
been published by the project as a report, 
'Counting the Cost' (2). 

Billsavers publicity material 

As a result of these encouraging initial findings, we 
carried out an intervention programme. Various 
energy saving measures were implemented in 
different sub-sets of the participating households 
and monitoring continued for a further twelve 
months to establish the savings made. 

This second monitoring period is now complete. 
This report discusses the energy savings identified 
and their cost-effectiveness. The information it 
contains is, so far as we are aware, the only 
detailed study in the UK of the possible energy 
savings for domestic appliances and lighting that is 
based on actually carrying out measures in the 
home. 

LIFE funding and further work 

The second phase of post-intervention monitoring 
was made possible by funding from the European 
Commission's LIFE fund. We also received LIFE 
funding to extend the project by applying the same 
methods of surveying, monitoring and intervention 
to a further sample of 100 middle-income 
households. This work will allow us to establish 
the similarities and differences between the two 
income groups with respect to appliance and 
lighting efficiency and potential energy savings. 
This too will be unique information. 

The middle-income work began in January 1995 
and is now halfway through the first period of 
monitoring. There will be additional reports on 
the results of this work. 



Billsavers - Securing the Savings Oa   tAvers 

Methodology 
The methodology of the initial survey and the first 
year of monitoring have been fully covered in the 
previous report, Counting the Cost. Only a brief 
outline will be included here. Full details of the 
intervention programme and subsequent 
monitoring are given. 

Initial Survey 

302 households from low income areas were 
surveyed with the aim of identifying a 
representative sample of households to participate 
in the full project. The survey covered: 

• the physical characteristics of the dwelling 

• numbers and ages of people in the household 

• patterns of occupancy 

• numbers and types of domestic appliances 
present 

Recruitment for the survey was targeted at three 
areas within Edinburgh: 

Craigmillar/Niddrie 

Wester Hailes/Sighthill 

Pilton/Muirhouse 

These areas were selected as being typical of 
many urban concentrations of low-income 
households in Scotland. 

Out of the initial 302 households surveyed, 100 
were chosen to participate in the two year 
Billsavers Project. Those chosen were selected to 
give a representative sample of each of the three 
local communities in terms of size, type, age and 
ownership of property, household composition. 

The first year of monitoring 

Metering of consumption 
by lights and appliances 

Individual meters were installed on the major 
white goods appliances in all participating 

households, i.e. on washing machines, fridges, 
freezers and fridge/freezers. The lighting and 
cooking circuits were also metered at the fuse 
box using meters wired directly into each circuit. 

Every meter in every participating household was 
read once a fortnight by a project staff member, 
giving very complete records of energy 
consumption. 

Taking the fortnightly meter reading 

Energy diaries 

Each householder also kept an energy diary 
recording the use of appliances on a week by 
week basis. This allowed the metered 
consumption for an appliance to be related to the 
patterns and levels of use. Energy diaries can help 
determine whether excessive consumption is due 
to heavy or inappropriate use rather than basic 
inefficiency. 

Householders kept regular energy diaries 

O 
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Participation levels 

At the end of the first year of monitoring, 94 of 
the original 100 households were still participating 
in the project; those who had dropped out had 
not lost enthusiasm, they had moved. Participants 
proved remarkably amenable to keeping energy 
diaries, with completion rates averaging 85%. 

Data storage 

Both meter reading and energy diary data was 
entered on a database constructed using Claris 
Filemaker Pro, running on an Apple Macintosh. 

The intervention programme 

After twelve months of monitoring, the following 
intervention measures were carried out to 
increase energy efficiency of appliances and 
lighting: 

• replacement of selected incandescent light-
bulbs with energy-efficient compact 
fluorescent lights (CFLs)in all households 

• provision of appliance-specific energy advice 
to all households 

• replacement of inefficient appliances with 
more efficient models (49 households) 

Replacement of selected 
incandescent light-bulbs 
with energy-efficient CFLs 

In considering this intervention measure it is 
important to remember that we monitored 
consumption for the whole lighting circuit. 

The need is to identify within this overall lighting 
consumption the contribution of individual lights 
in order to determine where replacement of 
incandescent bulbs with CFLs is economic. 

The need to take this approach is clearly 
illustrated by imagining two contrasting scenarios. 
In one a household uses a lot of electricity 
through the lighting circuit but occupies a large 
house with lots of rooms, many of which are in 
active use during different parts of the evening and 
night. Lots of lights are used but none are used 

very intensively. In this case, few if any may be 
worth replacing. In contrast, in a household using 
much less electricity through the lighting circuit 
and occupying a smaller house or flat with few 
rooms, only one or two rooms are lit throughout 
the evening and into the night. In effect all the 
consumption by lighting is concentrated at one or 
two fittings and these would be economic to 
replace, despite the relatively low consumption on 
the overall circuit. 

Since it was not practicable to meter individual 
lights, the only way to break down consumption 
to the level of the individual light is by attempting 
to use the householder's knowledge of their 
pattern of use. Selection of bulbs for replacement 
was carried out by identifying heavily used and 
hence economically replaceable light bulbs within 
each household by means of an additional survey 
carried out by the Billsavers staff member reading 
the meters. In this survey information was 
gathered on the wattages of all the light bulbs in 
the house and the householder was asked to 
estimate the average number of hours the light 
was used each day. 

'Economically replaceable' is a term which 
depends on the assumptions that are made about 
required paybacks, costs of investment etc. and 
hence we needed to draw up some criteria to 
define it in this case. This was done as part of the 
analysis of data from the first year of monitoring 
and is described in detail in the report Counting 
the Cost. We took the fairly rigorous view that 
the definition should be a bulb using enough 
electricity that the predicted savings by 
substituting a CFL would repay the cost of the 
CFL within one year. The average cost of a light 
bulb was taken as LI 0 (given a range of types and 
a discount for quantity) and it was conservatively 
assumed that CFLs would give 75% savings 
compared to incandescents. 

A simple multiplication of bulb wattage x daily hours 
used then identified which bulbs were predicted to 
use more than {13.33 of electricity. On 75% savings 
these would then yield LI 0 or more of savings and 
could economically be replaced. 

0 
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Examples of compact fluorescent light bulbs 
(with the traditional bulb for comparison) 

On this basis 319 light bulbs on the lighting circuit 
in 93 households were identified as replaceable. A 
wide range of wattages were found to be 
replaceable. Substitution of CFLs for 
incandescents was on a basis of equivalent light 
output and the different replacements installed are 
shown in the table below. 

TABLE I Numbers of CFLs of different 
wattages used as replacements in lights 
on the lighting circuit 

power of CFL (Watts) number installed 

II 12 

13 59 

15 79 

16 9 

18 91 

20 61 

25 2 

32 6 

OVERALL 319 

Provision of appliance-specific 
energy advice 

This measure has a very low cost and was 
potentially relevant to all households, accordingly 
all 94 remaining participants received energy 
advice. Project staff produced energy advice 
leaflets for cold appliances, washing machines and 
cookers (see Appendix I for examples) and these 
were distributed to all Billsavers clients. Billsavers 
staff also reinforced the message with individual 
advice sessions with each household when visiting 
to read their meters. These sessions were based 
on the energy advice leaflets and gave an 
opportunity for Billsavers staff to run through the 
sheets with participants, checking their 

understanding of the information given, answering 
any questions that they had and relating the advice 
given to their own individual circumstances. Each 
session took about an hour. This was not the end 
of our energy advice input. Participants were also 
encouraged to raise any further energy advice 
issues at any time during the fortnightly visits by 
Billsavers staff to read their meters. 

Replacement of inefficient appliances 
with more efficient models 

Obviously the first year of monitoring showed 
that there was a range of consumption across the 
sample for each type of appliance monitored. The 
project did not have the budget to replace all 
monitored appliances and in any case for low-
consuming appliances there would be no point 
since replacement could not be economic. Our 
strategy in selecting appliances for replacement 
was similar to that for light bulbs; to identify those 
individual appliances whose consumption was 
sufficiently high that replacement was likely to be 
cost-effective. Again we had to make certain 
assumptions in order to develop criteria for 
selection and again this was done as part of the 
analysis described in Counting the Cost. A brief 
description is given below but more details are 
available in the original report. 

Cold appliances — fridges, fridge-freezers 

and freezers 

The threshold for replacement was based on 
twice the consumption of the most efficient 
appliance of each type available on the UK market, 
the 'UK Best' as quoted in the EEO report on 
energy efficiency in domestic appliances (2). A 
small adjustment to this figure was made to allow 
for the fact that in selecting an efficient fridge the 
participant's size and other requirements may not 
always allow the very best to be purchased. 

The rationale for this approach was that in judging 
the potential for efficiency replacements it is 
necessary to consider various factors. Firstly the 
technical possibilities, i.e. how efficient a 
replacement can be found, this was taken as the 
UK Best figure. Secondly, the consumption of the 
appliance being replaced, which must be 
sufficiently high that the savings possible from a 
given replacement can at least pay off the capital 
cost of replacement within the expected lifetime 
of the appliance. This threshold can be derived 
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from the capital cost of replacement. Finally, since 
the possible savings referred to above are largely 
based on test data there is no guarantee they will 
be fully realised in situ. We were only interested in 
the possibilities for economic replacement, not 
the full range of possible savings. It was thus 
prudent to build in a conservative bias, i.e. to set 
the replacement threshold above the theoretical 
point at which savings will pay off the capital cost 
over the lifetime of the appliance to maximise the 
chance that the actual savings measured would be 
in the economic range. 

It turned out that an figure of twice the adjusted 
UK Best figure results in payback well within the 
lifetime of the cold appliances. It was thus a 
conservative figure and was adopted as the 
threshold for replacement; all appliances 
consuming more than this figure were selected for 
replacement. 

Washing machines 

Here the situation was more complicated. In the 
above discussion it has been assumed that high 
consumption is correlated with inefficiency. This 
is a reasonable working assumption for cold 
appliances but for washing machines there are 
many more aspects of consumer behaviour which 
can affect consumption, for example wash 
temperature selected, temperature of incoming 
hot water, spin speed selected etc. 

This was allowed for in the selection method 
adopted. As for cold appliances, the threshold was 
set at twice the UK best but in this case this was 
merely a first pass for defining potentially 
inefficient machines. Energy diaries were then 
consulted for all those households whose washing 
machines used more than this amount of 
electricity. if the diaries suggested intensive use 
then an attempt was made to apply a correction 
factor based on indicated intensity of use. Only if 
the machine's consumption was greater than the 
corrected threshold was it selected for 
replacement. 

Cookers 

Cookers are similar to washing machines in that 
consumption is very much affected by behavioural 
factors. Indeed, there is even more scope for 
variation of this type, roasting versus grilling 
versus boiling, type of pans used and even 
preference or otherwise for salads can all have an 
effect. Our energy diary data does not give the 
level of detail necessary to allow for all, or even 
most of these factors and it was difficult to 
proceed as for washing machines. We therefore 
decided to go for a very conservative approach. 
Instead of using the UK Best figure we based the 
threshold on the value given by the EEO for 
consumption of the average cooker in the UK 
installed base. All cookers using more than this 
amount of electricity were regarded as potentially 
replaceable. Energy diary data was then used to 
check for high usage, frequent use of high 
consuming cooker components (e.g. grill) etc. If 
no behavioural factors were found which might 
account for high consumption then the appliance 
was identified as a candidate for replacement. 

It will be clear from these brief descriptions that 
there were many assumptions and some arbitrary 
decisions in setting replacement thresholds for 
appliances and that it was not possible to take a 
consistent approach for all types of appliance. 
However, the replacement threshold was only 
intended as a way of making a first attempt at 
identifying economically replaceable appliances. Its 
main virtue was that it eliminated the (majority) 
group of appliances which were clearly not 
economically replaceable. This reduced the 
numbers of replacements to affordable numbers 
without losing valuable data. The data from 
subsequent monitoring of replacements would 
then help establish more accurate estimates of the 
true economic replacement level. 

Appliances selected for replacement according to 
the above criteria were all replaced except in 
cases where constraints such as size or client 
preference meant that no acceptable and 
sufficiently efficient replacement could be found. 
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Table 2 Appliances used as replacements 

appliance make and model number 
installed 

fridge Hotpoint delux 8132 

Tricity Bendix RF4OW 

Snowcap 150DL 

Snowcap 150 LA 

I 

I 

7 

2 

fridge 

freezer 

AEG Santo 3510KG 

Bosch KKU3200GB/01 

Candy CCM20/10 

Electrolux ER2344 

Electrolux ER2344B 

Eurotech 4005RF 

Eurotech Freezone NF90002 

Frigidair FR34 

Indesit CS 1265WG 

Kelvinator KC I 6/10 

LEC 945W 

LEC T944AG 

Tricity Bendix ECD028 

Tricity Bendix FD104W 

Zanussi Freezone L/En 

Zanussi ZF56/46 

2 

1 

2 

3 

I 

2 

I 

I 

I 

I 

2 

I 

I 

2 

I 

1 

freezer Eurotech UF3004E 

Hotpoint 8764 

LEC F425WG 

LEC U367/387P 

Philips Whirlpool AFB740 

Philips Whirlpool AFG027 

I 

I 

2 

I 

I 

1 

cooker Belling 303 

Belling 305 

Creda Trimline 49321 

Philips Whirlpool Bella ACH815 

2 

1 

2 

2 

washing 

machine 

Indesit Ecosense 1296 

Tricity Bendix AW4 I 0 

7 

I 

• 
• 
• 
• 
• 
• 
• 
• 
• 
0 

Selection of replacement appliances 

In selecting substitute appliances no attempt was 
made to select absolutely the most efficient 
appliance on the market. This might appear to be 
rather contradictory, given that our replacement 
criteria had in some cases been set using the UK 
Best figure from the March report. However, we 
were aware that this figure was for the best on 
the market in 1990 and that efficiency of 
appliances would have improved over the 
intervening period. We were also aware that in 
many cases the price premium of the most 
efficient appliance in the 1995 market was such 
that it could never be as cost effective as one only 
slightly less efficient but costing considerably less. 
We decided to take the approach that most 
closely mimicked what a typical customer could 
realistically be expected to do in a real situation 
and looked for the most efficient appliance on the 
market at a reasonable cost which would fit the 
space available. 

No rigorous attempt was made to choose 
substitute appliances with the same working 
volume as that being replaced. This is an 
important point because, other factors being 
equal, an appliance of smaller internal volume will 
consume less electricity than a large one, without 
there necessarily being any intrinsic difference in 
efficiency of operation. However, all appliances 
had to fit spaces in kitchens occupied by their 
predecessor and this means that external 
dimensions had to be similar. This will have meant 
a rough correspondence between working 
volumes, minimising this factor. 

All appliances selected were bought new with the 
exception of certain ex-test models purchased 
from the Consumers Association. 

34 fridges and fridge-freezers, 7 freezers, 7 
cookers and 8 washing machines were replaced in 
a total of 49 households. A list of appliances used 
as replacements is given in Table 2. 

a 

a. 

4 
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Repair of appliances 

It was originally intended to apply a fourth 
measure, the repair of inefficient appliances in 
poor condition. It was felt that where 
consumption data indicated that replacement of a 
appliance would not be economical, repairs to 
raise efficiency might be. 

However, of 12 appliances assessed for repair on 
this basis none were found to be cost-effectively 
repairable to an acceptable level of energy 
efficiency. In some cases this was due to 
obsolescence and the lack of spare parts; in others 
to the high cost involved. 

No icebox door, damaged casing and 
decaying seals. All these make an inefficient 
fridge for a Billsavers household 

Timescales 

Following selection of bulbs and appliances for 
replacement, a rolling program of installation of 
CFLs was carried out by Billsavers staff in 
November 1994. A similar programme for 
appliances was carried out in December 1994. 
Energy advice was also given to all households in 
this month. Fortnightly meter reading and energy 
diaries continued throughout this period and on 
until January 1996, giving twelve months of post-
intervention readings. 

Data storage 

Following the intervention programme, both 
meter reading and energy diary data continued to 
be entered on the same database used for the 
pre-intervention data. 

Additional monitoring 
and intervention measures 

Monitoring small appliances 

The Billsavers project structure lent itself to 
additional monitoring over and above that 
described above, the project worker making 
fortnightly visits to read the lighting and appliance 
meters could also read other meters if required. 
There had always been the possibility of adding 
further meters to other, smaller appliances. 
However, willing though participants were, there 
was a limit to their tolerance of the relatively 
large meter assemblies originally used. In 
particular, although they accepted them behind 
large appliances in their kitchens and in their 
meter cupboards they were not so receptive to 
having them in full view on kitchen surfaces or in 
their dining rooms or living rooms, the areas 
where small appliances are generally found. 

This situation altered after the project was 
underway with the introduction of a new 
unobtrusive meter not much bigger than an 
electric plug at a relatively low price. This was the 
Econometer and it provided new opportunities to 
extend monitoring by providing a meter to use 
with small appliances which would be accepted by 
Billsavers households. 

Funding for the purchase of Econometers was 
generously supplied by ScottishPower through 
Energy Action Scotland and by the Eaga Charitable 
Trust. As a result, between March and May 1995 
Econometers were fitted to the following types 
and numbers of small appliances. 

TABLE 3 Types and numbers of small 
appliances fitted with Econometers 

small appliance type number of econometers fitted 

kettle 45 

microwave 35 

television 35 

video 14 

ring mains lamp 91 

• 
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These Econometers were then read on the same 
fortnightly cycle as the main meters, with the 
readings being entered onto the main project 
database. Readings ceased in January 1996 as the 
main part of the project was then complete, 
detailed data for these small appliances is 
therefore only available for less than a full year. 
The exact duration of the monitoring period 
varies as different types of appliances received 
Econometers at different times in a rolling 
programme. The table below gives the different 
monitoring periods by appliance. 

TABLE 4 Monitoring periods for 
small appliances 

small appliance type month monitoring started 

kettle 

microwave 

television 

video 

ring mains lamp 

april 95 

march 95 

april 95 

may 95 

march 95 

Energy diaries already included all the small 
appliances metered except videos, no extension 
was undertaken so no diary data is available for 
videos. Intervention measures were not 
undertaken for small appliances, the purpose of 
metering was to take the opportunity available to 
extend knowledge of the pattern of energy 
consumption in low-income households. 

Additional CFL substitution 
in ring main lamps 

We were obviously aware that many Billsavers 
households had lamps plugged into the ring main 
whose consumption was not recorded by the 
meter on the lighting circuit. During the survey of 
lighting use carried out as part of the main lighting 
intervention programme it became clear that in 
many households a significant proportion of total 
lighting use was accounted for by these lamps. 
Although data as gathered on the number, wattage 
and hours of use of lamps in just the same way as 
for ceiling and wall lights they did not seem 
appropriate targets for CFL replacement even 
where they met the qualifying criteria. The problem 
was again one of metering, there was no way of 
monitoring consumption post-intervention as it 
would not be acceptable to clients to use standard 
large meter assemblies in their living rooms. 

The advent of Econometers changed this situation, 
in that it permitted us to use unobtrusive meters 
that clients would accept. One remaining problem 
was that we had no data on the previous 
consumption of these lamps. However, the 
technical energy savings of CFLs relative to 
incandescents are very well established in the 
sense that when a light is on the ratio of 
consumption by a CFL relative to an incandescent 
bulb is known; a CFL uses 20% of the electricity 
used by an equivalent incandescent bulb. It is thus 
possible in theory to work out energy savings 
without directly knowing the consumption before 
replacement. There is another factor which is not 
well understood but which could affect savings in 

situ, whether people change their behaviour when 
they fit CFLs, perhaps switching their lights on for 
different periods. It is thought that the most likely 
such change in low income households would be 
to leave CFLs on longer than before because of 
their perceived cheapness. This is the reason that 
we used a slightly more conservative figure of 75% 
saving in establishing replacement criteria for 
lightbulbs. The Energy Savings Trust and OFFER 
have estimated that replacement by CFLs results 
in an increase in lighting use of 10% and we use 
this figure here. (3) 

We decided to replace incandescent bulbs in 
lamps with CFLs using the same criteria as used 
for mains lights and to calculate the savings made 
from the consumption recorded after replacement 
using the 20% rule and the 10% correction figure 
suggested by the Energy Savings Trust. 
Accordingly, in March 1995, 136 incandescent 
bulbs were replaced by CFLs in 71 households on 
a basis of equivalent light output, the replacements 
are being listed in the table below. 

TABLE 5 Numbers of CFLs of different 
wattages used as replacements in lamps 

power of CFL (Watts) number installed 

11 

13 

15 

16 

18 

20 

II 

57 

47 

3 

II 

7 

OVERALL 136 

• 
• • 
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• 
Econometers were then used to monitor 
consumption of 91 of these CFLs in 54  • 

households, with the meters being read on the 
• 

same fortnightly cycle as all the other meters and 
entered onto the main database. The remaining 45 • 
lamps could not be monitored because of various 
unforeseen physical impediments to reading the  • 
meters or residual objections from householders 
once they saw the meter in place. In these cases  • 
the CFLs were nevertheless left in place as 
incentives to clients to continue participation in 
the project. 

As for small appliances, detailed monitoring was 
discontinued in January 1996 as the main meter 
reading programme ended. Detailed Econometer 
readings on lamp CFLs are thus only available 
from March 1995 to January 1996.   

OD 
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Results 
Time periods 

All analysis of results takes the twelve months 
subsequent to intervention measures as the 
period of post-intervention monitoring. 

CFL replacement in lighting circuit lights took 
place in November 1994, so for CFLs the post-
intervention monitoring is taken as December 
1994 until November 1995 inclusive. This period 
of post-intervention monitoring must then be 
compared to the equivalent pre-intervention 
period. This was taken as the twelve months 
immediately prior to the start of the intervention 
programme, as the period of the actual 
programme must be excluded as it will contain 
hybrid data, some households having had 
intervention measures and others not. The period 
of pre-intervention monitoring with which data 
was compared was therefore November 1993 to 
October 1994 inclusive. 

Adopting the same protocol, for large appliances 
replacement took place in December 1994 and so 
the post-intervention monitoring period was 
January 1995 to December 1995 inclusive. The 
comparable pre-intervention monitoring period 
runs from December 1993 to November 1994 
inclusive. Because of the Christmas period a few 
appliances were late in installation and did not go 
in until early January 1995. In these cases to avoid 
hybrid data the individual readings from these 
appliances in the part of January 1995 prior to 
installation have been excluded from the post-
intervention data set used in analysis. 

For small appliances and ring main lamps there 
was no pre-intervention period of monitoring and 
the installation period for Econometers on these 
appliances started after the main intervention 
programmes were over. Time periods for 
monitoring of these devices have already been 
given above. 

Participation levels 

By January 1996 81 of the original 100 households 
were still having their meters read. Most of the 
remainder had moved house and thus could no 
longer generate useful data, only a very few had 
actually asked to leave the project. Even where 

meter reading had ceased, in many cases we have 
data for at least part of the post-intervention 
monitoring period. As a result, we anticipate 
that we have still collected 90% of the possible 
meter data. 

Valid data 

Where participants dropped out of the project or 
moved house after intervention they have been 
excluded from the results presented below. A few 
exceptions have been made in cases where 
participants left more than six months into the 
year of post-intervention monitoring. In these 
cases a valid projection of annual consumption 
was possible, after making allowance for seasonal 
factors. 

A few participants remained with the project but 
bought themselves new or second-hand appliances 
during the course of the project, either before or 
after intervention. Similar rules have been applied, 
if they had a given appliance long enough that a 
valid projection of annual consumption was 
possible after allowing for seasonal factors (again 
taken as more than six months of data), these 
appliances have been included in the results, 
otherwise they have been excluded. 

Energy and financial savings as a 
result of intervention measures 

The basic questions are straightforward: 

Did we record significantly lower consumption of 
electricity as a result of the different energy saving 
measures implemented in participating 
households? A simple before and after 
comparison is all that is required. 

If we did show a significant reduction in electricity 
use, are the financial savings sufficient to give a 
reasonable pay-back of the capital cost of the 
measure? Costing of any savings recorded can be 
done using standard electricity tariffs and with the 
costs of intervention measures being known pay-
back analysis is straightforward. We have elected to 
cost electricity at the normal domestic tariff of 7.7p 
per unit including VAT at 8%. Payback has been 
calculated on the basis of linear monetary savings, 
with no discount being applied to future savings. 



Table 7 Maximum and minimum household 
savings from lighting circuit CFLs 

household 
energy saving 
(kWh/year) 

annual cost 
saving per 
household 

maximum 

minimum 

standard deviation 

684 

-109 

137 

£52.67 

-£8.39 

Energy saving per household from CFLs 
on the lighting circuit (kWh/year) 
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saving (kWh/year) 

mean saving per household = 149 kWh/year 

Savings per household clearly vary a great deal and 
some households actually increased their 
consumption slightly after CFL installation, 
reducing the mean savings per household. 

Savings per household are not very revealing, a 
large saving could be because that particular 
household had a large number of CFLs installed 
rather than because it made larger than average 

Lothian and Edinburgh Environmental Partnership 

There is also the related question of defining 
significance: if we find differences between pre 
and post-intervention consumption, are these 
statistically significant? Throughout this section 
the test has been to establish whether there is a 
significant difference in average consumption 
before and after intervention. This has been done 
using the standard error of the mean and 
Student's t test where applicable. Significance is 
taken as the 95% confidence level in all cases. 

On this basis the results for each intervention 
measure are given below: 

Savings from CFL substitution 
on the main lighting circuit 

Originally 319 bulbs were installed in 93 
households. After moves and other losses valid 
data is available for: 

78 households pre-intervention 

73 households containing 244 CFLs after 
intervention, an average of 3.34 bulbs per 
household 

The average consumption before and after 
intervention and mean savings from ,_FL 
installation are shown in Table 6 below. 

Installation of CFLs reduced electricity 
consumption on the lighting circuit but savings are 
rather less than might be expected; from the 
average number of CFLs installed an average 
saving of £33.40 would be expected if the savings 
were in line with the criteria for bulb selection. 
The mean values do not give the full picture. The 
maximum, minimum and standard deviations for 
savings are given in Table 7, whilst the graph 
shows the distribution of energy savings between 
households. 

Table 6 Household savings from lighting circuit CFLs 

average household 
consumption of original 

incandescent bulbs 
kWh/year 

(78 households) 

average consumption 
of lighting including 

replacement 
CFLs kWh/year 
(72 households) 

statistically significant 
difference at the 95% 

confidence level? 

average household 
energy saving 
(kWh/year) 

average annual cost 
saving per household 

377 228 Yes 149 £11.45 
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savings per CFL. It is better to calculate the 
savings and hence payback per installed CFL for 
each household, by dividing total household 
annual savings by the number of CFLs installed in 
a household. The following graphs show savings 
and payback on this basis. 

Yearly savings per CFL (kWh) in the lighting circuit 
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Average savings per CFL and payback periods, 
although quite respectable, are clearly much less 
than expected from the criteria on which CFL 
replacement was determined. 

Savings from energy advice 

All households received appliance-specific energy 
advice. The effects can be assessed by a comparison 
between the consumption before and after 
intervention of appliances that were not replaced. 
The results are shown in Table 8. 

There is no significant difference in consumption 
as a result of the energy advice programme. 
Examination of energy diaries did not reveal any 
significant behavioural changes following 
intervention. 

Savings from replacement 
of large appliances 

Fridges 

After moves, appliance changes by the participant 
and other losses, valid data is available for 22 
households, 7 where the fridge was replaced and 
15 where the original fridge remained. 

The mean consumption before and after 
intervention for the two groups is given in 
Table 9, together with energy and financial savings. 
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Table 8 Savings from appliance-specific energy advice 

appliance type average kWh used 
in 12 months 

before intervention 

average kWh used 
in 12 months 

after intervention 

sample size statistically significant 
difference at the 95% 

confidence level? 

fridge 262 269 15 no 

fridge/freezer 491 505 18 no 

freezer 

automatic 
washing machine 

398 

153 

436 

148 

10 

31 

no 

no 

cooker 519 525 17 no 

TOTAL 1823 1889 
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Table 9 Savings from fridge replacements 

average consumption average consumption statistically average household average annual 
of fridges in of fridges including significant difference energy saving cost saving 

twelve months 
before monitoring 

kWh/year 

replacements 
kWh/year 

at the 95% confidence 
level? 

(kWh/year) per household 

fridge 
not replaced 262 269 no -7 - 

fridge 
replaced 534 209 yes 325 £25.03 

There are very considerable reductions of 
electricity use as a result of replacement. 

Energy savings and payback periods are shown in 
the graphs below. Payback in this analysis and in all 
those for other appliances that follow is based on 
the price actually paid for the replacement 
appliances. In a very few cases for certain types of 
appliance, current prices are not available for a 
particular replacement appliance and this has 
therefore been excluded from the payback data. 

As stated above, selection of replacements was on 
the basis of reasonably efficient appliances at a 
reasonable cost rather than the most efficient at a 
considerable premium. With discounts available to 
the project for buying in bulk, this meant that 
prices could be kept quite low at an average of 

1 12. It is clear that payback is with one 
exception, well within the lifetime of the appliance, 
generally taken to be 12 years for a fridge. 

Energy savings for replacement fridges 

saving (kWh/year) 

mean savings per fridge = 325 kWh/year 

Payback on replacement fridges 
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Cold storage is essential in every home 

Fridge-Freezers 

After moves, appliance changes by the participants 
and other losses valid data is available for 34 
households, 16 where the appliance was replaced 
and 18 where the original remained. 

The mean consumption before and after 
intervention for the two groups is given in Table 
10, together with energy and financial savings. 
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Table I0 Savings from fridge-freezer replacement 

average consumption average consumption statistically significant average household average annual 
of fridge/freezers of fridge/freezers difference at the 95% energy saving cost saving 

in 12 months 
before monitoring 

kWh/year 

including 
replacements 

kWh/year 

confidence level? (kWh/year) per household 

fridge/freezer 
not replaced 491 505 no -14 - 

fridge/freezer 
replaced 758 550 yes 208 £16.01 
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There are significant reductions of electricity use 
as a result of replacement. These are not, 
however, as great as for fridges and not all those 
households with replacements made savings, a few 
showed slight increases in electricity use. In 
addition, given the much higher cost of fridge-
freezers ( the average price paid for replacement 
appliances was £323) the payback picture is bound 
to be less rosy even where savings were made. In 
general payback is not within the 12 year likely 
lifetime of the appliance. 

Energy savings and payback periods are shown in 
the graphs below. 

Energy savings for replacement fridges 
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so they are not included here 

Freezers 

Valid data is available for 16 households, 6 where 
the appliance was replaced and 10 where the 
original remained. 

The mean consumption before and after 
intervention for the two groups is given in Table 
I I, together with energy and financial savings. 

The situation is complicated by the fact that there 
are two basic types of freezers, chest freezers and 
upright freezers which have a vertical door like a 
fridge. The former retains cold air better when 
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Table I I Savings from freezer replacement 

average average statistically average household average annual 
consumption consumption of significant energy saving cost saving 
of freezers in 

twelve months 
before monitoring 

kWh/year 

freezers including 
replacements 

kWh/year 

difference at the 
95% confidence 

level? 

(kWh/year) per household 

freezer not replaced 398 436 no -38 - 

freezer replaced 780 402 yes 378 E29.I 0 
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the door is opened and thus tends to be more 
efficient. Our sample of six contained equal 
numbers of both types and we have examined the 
data for each separately. Obviously this results in 
very small sample sizes but there are still 
significant savings for both types. Given the 
sample sizes it is not possible to go further and 
establish if one type or the other offers greater 
scope for savings. 

We have therefore taken the data for both types 
together and this shows very large reductions of 
electricity use as a result of replacement, even 
larger than for fridges. 

Once again the generally higher cost of freezers 
(average price paid £227) means the payback 
picture is not as good as for fridges. However, 
payback for most appliances is within the 1 2 year 
appliance lifetime. Energy savings and payback 
periods are shown in the graphs below. 

Payback on replacement freezers 
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Note: current price not available on one freezer model so this is not included 

Washing Machines 

Valid data is available for 34 households. Only a 
few machines met the criteria for replacement, of 
these households 3 had had replacement washing 
machines whilst in 31 the original remained. 

This data (Table 12) indicates no statistically 
significant savings resulted from replacement. 

0 
3 
•• 

*4 
4 

Cookers 

Not all households cook by electricity and few 
cookers met the criteria for replacement. As a 
result, sample sizes are low for this appliance. 
Valid data is available for 22 households. Cookers 
were replaced in 5 of these households whilst in 
17 the original remained. 

The data (Table 13) does indicate minor but 
statistically significant savings resulted from the 
replacement programme. However, cookers are 
expensive, the average price paid was £380, and this 
combined with the limited savings means that payback 
is very poor indeed, as the graph below shows. The 
payback period is longer than the lifetime of the 
appliances, taken at the standard 12 years. 

• 

• 



9,  
O 
CD 

co 

O 

saving (kWh/year) 

mean saving per cooker = 115kWh/year 

00 N 

nu
m

be
r  o

f  
co

ok
er

s  

Billsavers — Securing the Savings (il? 

Table 12 Savings from washing machine replacement 

average average statistically average average annual 
consumption of w/m consumption of significant household cost saving 

in twelve months w/m including difference energy saving per household (£) 
before monitoring 

kWh/year 
replacements 

kWh/year 
at the 95% 

confidence level? 
(kWh/year) 

washing machine 
not replaced 153 148 no 5 0.39 

washing machine 
replaced 527 505 no 12 0.92 

Table 13 Savings from cooker replacement 

average average statistically average average annual 
consumption of w/m consumption of significant household cost saving 

in twelve months w/m including difference energy saving per household (£) 
before monitoring 

kWh/year 
replacements 

kWh/year 
at the 95% 

confidence level? 
(kWh/year) 

cooker 
not replaced 519 525 no -6 -0.46 

cooker 
replaced 1195 1080 yes 115 £8.85 

Energy savings from cooker replacement  Savings from CFL substitution 
in lamps 

Valid data is available for 55 CFLs in 33 
households, an average of 1.7 CFLs per household. 
There are two issues in analysing this data. First of 
all we do not have a full year of data. Secondly, we 
do not have a 'before intervention' figure from 
which to calculate savings, since these lights were 
not metered prior to the fitting of CFLs. 

The approach adopted to deal with these 
problems is as follows: 

Projection of data to a full year 
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Lighting use shows strong seasonality as it changes 
with day length. It is therefore not appropriate to 
simply make a linear projection based on the data 
that we have. However, there is a full year of data 
for lights on the lighting circuit. If it is assumed 
that the pattern of lighting use over the seasons is 
broadly the same both for main lights and for 
lamps this main light data can be used to produce 
a projection of the lamp data corrected for 
seasonal effects. The exact algorithm used is 
described in Appendix I. 
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Calculating the savings 

As discussed previously, here we can make use of 
the well-established figures for the energy 
consumption of CFLs and incandescent bulbs. 
Appendix I covers this calculation in more detail. 

The average household consumption after CFL 
installation and estimated savings are shown in 
the table below: 

Table 14 Household savings from lamp CFLs 

average household 
consumption 
of lamp CFLs 
(kWh/year) 

average estimated 
annual savings 
per household 

(kWh/year) 

average annual 
cost saving 

per household 

27 99 £7.62 

Installation of CFLs in lamps produced some 
savings but these are much less than might be 
expected from the replacement criteria and the 
average number of CFLs installed. 

The maximum, minimum and standard deviations 
for savings are given in the next table, whilst the 
graph shows the distribution of energy savings 
between households. 

Table I S Maximum and minimum household 
savings from lamp CFLs 

household 
energy saving 
(kWh/year) 

annual cost 
saving 

per household 

maximum 

minimum 

standard deviation 

568 

7 

103 

£43.74 

£0.54 

Energy savings per household from CFLs 
in lamps (kWh/year) 
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mean saving per household = 99 kWh/year 

Savings per household clearly vary a great deal, as 
they do for CFLs on the lighting circuit. 

On the more useful level of savings per bulb, 
savings and payback are shown in the graphs 
below: 

Savings per CFL from lamp CFLs (kWh/year) 

Projected payback for lamp CFLs 
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Average savings per CFL at £4.55 appear 
somewhat better than for CFLs on the main 
lighting circuit. The average payback at 5.27 years 
is apparently somewhat worse. However, these 
apparent differences between the two populations 
of CFLs are not statistically significant. 

As for CFLs on the main lighting circuit, savings 
are significant and payback reasonable but they do 
not meet the criteria on which CFL replacement 
was predicated. 
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• As small appliances were all monitored using 
Econometers there is less than a full twelve 

• months data in all cases (see Table 4). It is thus 
necessary to use projections to estimate annual 

• consumption. There is not a long enough period 

• 
of monitoring to make any accurate assessment of 
seasonality so no allowance has been made for 

• this in making projections, which have been done 
on a simple pro rata basis. • 
Kettles 

The projected annual consumption and costs 
based on 36 households yielding valid readings (i.e. 
with more than 6 months readings) are shown in 
the table and graphs below: 

Table 16 Annual electricity usage 
and cost for kettles 

projected annual projected annual 
consumption cost of kettle 

of kettle (kWh) (0 

minimum 60 4.64 

maximum 768 59.15 

mean 283 21.78 

standard deviation 155 1 I.93 
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Microwaves are a cheap way to cook 

Valid readings are available for 23 households; 
projected annual consumption and costs are on 
shown in the table and graphs below: 

Table 17 Annual electricity usage 
and cost for microwaves 

projected annual projected annual 
consumption of cost of 

microwave (kWh) microwave (£) 

minimum 9 0.67 

maximum 116 8.95 

mean 38 2.91 

standard deviation 29 2.18 
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Projected annual consumption for microwaves  Projected annual consumption for televisions 
(kWh/year) 
 (kWh/year) 

consumption (kWh/year)  consumption (kWh/year) 

Projected annual electricity cost for microwaves 
(f/year) 

cost (£/year) 
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Projected annual consumption and costs from the  Valid readings are available for 12 households; 
24 households with valid readings are on shown  projected annual consumption and costs are 
below:  shown below: 

Table 18 Annual electricity usage 
and cost for televisions 

projected annual 
consumption of TV 

(kWh) 

projected annual 
cost of TV 

(1) 

minimum 6 0.48 

maximum 500 38.52 

mean 193 14.83 

standard deviation 136 10.48 

Table 19 Annual electricity usage 
and cost for videos 

projected annual projected 
consumption annual cost 

of video (kWh) of video (f) 

minimum 14 1.08 

maximum 131 10.08 

mean 79 6.10 

standard deviation 41 3.14 
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Overall pattern of findings 

Most of the small appliances monitored use only 
modest amounts of electricity, although there are 
a few individuals with very high-consuming 
television sets. The notable exception to this 
pattern involves kettles, the average kettle uses 
more than £20 of electricity a year and the upper 
tail of the distribution includes kettles using more 
than £50 annually. 

Seasonality 

the main appliances over the combined pre and 
post-intervention periods of monitoring appear 
below. 

The average monthly consumption for 
replacement appliances and the equivalent data for 
unreplaced appliances are shown as separate lines. 
For CFLs there is no separation of data in this way 
as readings were taken on the circuit level and 
combine replaced and unreplaced bulbs. 

Monthly electricity consumption 
for lights on the lighting circuit 
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The last graph shows charging hours for 
Scottish Power Weathercall storage heating over 
the same period. The algorithm determining these 
hours is based on degree day data with allowance 

O 
for wind-chill and gives a good measure of 
seasonality for these factors for comparison with 
the appliance graphs. 

For lights on the lighting circuit and for the larger 
appliances there is sufficient data to allow 

0 
assessment of the influence of the seasons on 
their electricity consumption. Graphs showing the 

• 
variation of consumption over time for lights and 
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Monthly electricity consumption for fridge freezers  Monthly electricity consumption for cookers 
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Cold appliances (fridges, fridge/freezers, freezers) 
and lights all show some evidence of fluctuations 
in average energy consumption in phase with the 
seasons. Cookers and washing machines do not. 

The significance of these apparent trends was 
tested statistically by comparing the average 
consumption over the summer months (April to 
September) and the winter months (October to 
March) over the period of each graph for unreplaced 
appliances. Unreplaced appliances were used 
because here there should be no variation due to 
intervention so comparison should provide a good 
first order indicator of seasonality. The results, 
shown in Table 20, confirmed seasonal differences 
for cold appliances and lights. 

0   • 
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It also noticeable that these graphs clearly show 
the effects of intervention for lights and cold 
appliances, in that after January 1995 seasonal 
variation persists but consumption drops overall. 

Table 20 Differences between summer and 
winter consumption 

Appliance Summer 
average 

(kWh/year) 

Winter 
average 

(kWh/year) 

Is there a 
significant 
difference 
between 

summer and 
winter? 

cooker 528 507 no 

fridge 312 246 yes 

fridge freezer 543 460 yes 

freezer 468 418 yes 

automatic 
washing machine 153 153 no 

lights (after 
intervention) 175 290 yes 

Appliance electricity 
consumption as a proportion 
of total household consumption 

We have good data on the annual consumption of 
individual appliances and lighting in participating 
households. A further interesting question is the 
proportion of total household electricity use that 
these are responsible for. 

Project participants signed authorisation papers 
allowing ScottishPower to provide Billsavers staff 
with meter readings taken by their employees, 
allowing us to work out the total consumption of 
electricity in each household. For the sake of 
simplicity, this has been done for the pre-
intervention year only, in 36 households where 
valid data is available (in some households 
ScottishPower have only estimated readings for 
part of the period of interest). Average household 
consumption was 4831 kWh in this period. The 
proportions of this total accounted for by each 
metered appliance are shown in the graph below. 

The average contribution by individual appliances 
to the average household electricity bill 

Total proportion of household consumption accounted 
for by all metered appliances and lights = 43% 

Note: 

• Full data on ring main lamps is not available, as 
only some of the lamps in a household were 
monitored using Econometers. As a result, 
this data is not used here. 

• Our aim in presenting this data is to show the 
average contribution that metered appliances 
make, individually and in aggregate, to average 
total household electricity use in the low 
income sector. As a result: 

- Data has been used from all households with 
valid data, irrespective of the fuel used for 
space/water heating. 

- The proportion of average total electricity 
use due to each type of appliance has been 
weighted by the average number of 
appliances of that type per household in the 
Billsavers sample. This gives the average 
situation in an average household. 
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Discussion 
The basic aim of the Billsavers project is to test 
the cost-effectiveness of energy efficiency 
measures for appliances and lighting. What do the 
above results tell us about the cost-effectiveness 
of the different intervention measures carried out 
in low-income households? 

Cost-effectiveness 
of energy advice 

There is no evidence that appliance specific energy 
advice produced any savings for any type of 
appliance. In some respects this is a surprising result: 
on their fortnightly visits to participating households 
in the year before intervention Billsavers staff 
observed that some clients used their appliances 
inefficiently. Typical situations were participants 
setting fridge thermostats at maximum, leaving 
fridges and freezers almost empty, failing to defrost 
cold appliances, not having lids on cooking pans etc. 
These were the kind of issues that the energy advice 
programme was designed to tackle and these 
observations suggested that the potential did exist 
for significant savings. There are two possible 
explanations: 

Despite participants' apparent interest in the energy 
advice materials they were not able to actually make 
savings based on the ideas suggested in them. This is 
borne out by the energy diary data, which showed 
no significant change in relevant behaviour. 

This failure was probably due to a combination of 
factors: 

• apathy and resistance to change 

• failure to develop lasting good habits, despite 
good intentions, through other demands on time 
and attention spans, e.g. young children, 

• lack of ability to put suggestions into practice, 
e.g. being unable to afford sufficient investment 
in food to fill freezers to efficient levels. 

Alteratively, it may be that a process of less formal 
energy education actually took place before energy 
advice was given and that all the potential gains from 
energy advice had already been realised previously. 
Although care was taken not to offer energy advice 
to participants during meter reading visits, it was 
inevitable that householders looked at their own 

meters and became more aware of how much their 
appliances were costing to run. Most of the 
suggested measures for reducing consumption only 
require common sense and a modicum of thought 
and clients may well have adopted some or all of 
them unilaterally. 

The design of the project makes it difficult to assess 
these two possible explanations. No major changes 
in relevant behaviour over the first year are 
recorded in energy diaries but it could be that the 
changes made by participants were all implemented 
early in the first year of monitoring and thus are 
difficult to detect as in effect we have no previous 
baseline. We are currently comparing the household 
energy consumption in the year before monitoring 
started, as recorded by ScottishPower, with that 
afterwards. This may give some insight into whether 
increased awareness of electricity consumption 
through taking part in Billsavers translated into 
lower usage even in the pre-monitoring phase. 

Cost-effectiveness 
of appliance repair 

The fact that no appliances could be identified 
where repairs were cost-effective eliminates this 
as a viable measure. 

Cost effectiveness 
of CFL substitution 

Results were broadly similar for both lights on the 
main lighting circuit and for ring main lamps. 
Significant energy and financial savings were 
recorded but these were 2-3 times less than 
expected from the criteria set for intervention. 

There are three possible explanations: 

• The replacement criteria relied on establishing 
with the householder the typical number of 
daily hours a light was used. It may be that the 
householders overestimated usage, which 
would give a reduction in pay-back compared 
to that predicted. 

• The householders may be taking an increase in 
'comfort level' rather than cost savings, by 
using lights more. People suffering from fuel 
poverty or fuel debt often light only one or a 
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small number of rooms or delay putting on 
the lights as the evening darkens in order to 
save money. If some participants are in this 
situation and they now perceive that their 
lights cost less, as a result of having CFLs 
installed, they may have changed this 
behaviour, lighting more rooms or putting on 
lights earlier in order to enjoy a better quality 
of life. This is likely to lead to a double 
indemnity since the very lights they are now 
switching on or keeping on more are unlikely 
to have received CFLs, being regarded as low 
usage at the time of intervention. They will 
thus most probably increase their use of 
relatively expensive incandescents. 

• A different behavioural change may be 
responsible. Householders may have taken on 
board the message that CFLs are very cheap 
to run and may now have become more 
careless about switching off lights when they 
are not needed. If this is the case, they may 
have become more careless about those lights 
with CFLs fitted or, a worse case, about all 
lights. In the latter case, they would suffer the 
same double indemnity as above. 

It is not really possible to decide between these 
three alternatives. Individual estimates of lighting 
use may well have been unreliable and there is 
evidence for this from other studies (4). However, 
attempts were made to increase the reliability of 
estimates by careful discussion with the 
householder and use of the relationship built up 
between Billsavers staff and participants. It seems 
unlikely that estimates would have been out by a 
factor of 2 and this suggests that some behavioural 
factors were involved. 

A further pointer is the number of households 
whose lighting circuit consumption increased after 
CFL substitution. As CFLs give technical savings of 
some 80%, to get an increase in lighting 
consumption by greater use of a light after a CFL 
was installed in it would mean usage would have 
to rise by a factor of 5. It seems much more 
plausible that in these cases the increase in lighting 
use is taking place in residual incandescent bulbs 
and that this is more than compensating for the 
savings made by installed CFLs. By implication this 
factor is probably present to a lesser extent in all 
households. 

The overall conclusion from these results is 
exactly in line with the overall Billsavers rationale, 

that predicted savings from the technical 
specifications of energy-saving devices will not 
necessarily be realised in situ because of the 
influence of behavioural factors. As the data 
stands it seems that even with carefully taken 
estimates of lighting use and selection of 
appropriate bulbs for replacement based on these, 
the average savings per CFL in low-income 
households are much less than the technical 
potential. The most likely explanation involves 
behavioural factors of one type or another. It is 
interesting that our results suggest that the 
influence of these putative behavioural factors is 
much greater than the 10% 'comfort factor' 
allowed for behavioural influences in OFFER' 
Standards of Performance schemes for CFL 
substitution. 

It should be noted, however, that investment in 
CFL replacement in low-income households is still 
a cost-effective investment. The annual return on 
investment, assuming a cost per CFL of £10, is 
38% to 45% (lighting circuit lights to ring main 
lamps). The lifetime of a CFL is typically 10,000 
hours and the average number of hours use per 
CFL implied by the savings measured means that 
these savings will continue for more than 13 years 
with total savings in the region of £60. This is a 
good investment by any standards. 

CFLs provide good lighting and soon pay 
for themselves 

m 
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Cost-effectiveness of 
appliance replacement 

Fridges 

Fridge replacement produced very substantial 
energy savings, averaging about 60%. In contrast 
to CFLs, all those receiving substitute fridges 
made significant savings. This is presumably 
because the options for behavioural factors 
offsetting technological savings are much less for 
cold appliances. There is normally only one fridge 
per household, so increased use of non-improved 
appliances is not a possibility. As these appliances 
run continuously increased usage of the substitute 
appliance is not possible in the same way as for 
lights, with the possible exception of altering the 
thermostat. 

Whilst payback for CFLs had to be worked out on 
an average basis, as we knew the individual price 
of each replacement fridge it was possible to work 
out the payback on a case by case basis. In all 
cases except one payback was within the lifetime 
of this type of appliance. Average return in terms 
of electricity cost savings against the capital cost 
was 22% with total savings over the life of the 
appliance, taken as twelve years, of more than 
£300 for an average initial investment of £112. 
This is a cost-effective investment, although the 
rate of return is not as attractive as for CFLs. 

It will have been noted that these impressive 
savings have been achieved by substituting fridges 
of only relatively modest energy efficiency for the 
original appliances. This was done to reduce the 
price of replacement, more energy efficient fridges 
are available but at a considerable price premium. 
The Billsavers project is interested in cost-
effective energy savings, if the strategy was to 
minimise energy usage by this type of appliance 
more could be achieved but given the price 
premiums currently involved the greater savings 
would probably be much less cost-effective. 

Fridge-freezers 

Replacement of this type of appliance also 
produced significant savings, averaging 27%. In 
contrast to fridges, not all those receiving 
replacement appliances made savings, a few 
showed slight increases in electricity use for these 
appliances. Notwithstanding the points made 
concerning fridges, which would seem to apply 

No icebox door but plenty of ice. An 
expensive way to run a fridge 

equally to fridge-freezers, it seems that for the 
latter there may nevertheless be behavioural 
factors which offset the potential energy savings 
offered by more efficient appliances. In the light of 
this finding it is also interesting that many of the 
fridge-freezers which were not replaced also 
showed an increase in consumption in the post-
intervention period of monitoring, although others 
did not and the overall change was not significant. 
This might be evidence of a behavioural effect. 

Energy diary data for the fridge-freezers where 
consumption increased do not show any significant 
changes which could identify the behavioural 
factors involved, for instance fill rate did not vary 
significantly. It is thus not really possible to pursue 
this issue further. 

What is clear is that in contrast to the findings for 
fridges, the rather lower savings at £16, and the 
much higher cost of this type of appliance 
(averaging £323) with a similar appliance lifespan 
of 12 years mean that payback is, with only a few 
exceptions, not within the life of the appliance and 
that these energy savings are not cost-effective. 

e 
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 Freezers 

For freezers the pattern of results is more like 
that for fridges. All those who received 
replacement appliances recorded savings, 
averaging 48% and worth £29. However, capital 
costs for freezers, although not as high as for 
fridge-freezers, were considerably higher than for 
fridges, at £227. As a result, payback is not as 
good as for fridges, but in most cases (though not 
all) it is within the expected 12 year life of the 
appliance. 

Average return in terms of electricity cost savings 
against the capital cost was 12% with total savings 
over the life of the appliance, of more than £340 
for an average initial investment of £227. This is 
a cost-effective investment, although the rate 

of return is not as attractive as for either CFLs 
or fridges. 

of the very small size of the intervention sample 
but it is not an altogether surprising result: as 
discussed above behavioural factors are likely to 
be very influential with this type of appliance and 
it seems probable that these are the major factors 
affecting electricity consumption and so replacing 
the machine has relatively little effect. 

Cookers 

Although the sample size was small, some significant 
savings were found. Payback was very poor and this 
is obviously not a cost-effective measure on the 
results described. Again, this is not a unexpected 
result. As with washing machines, it is known that 
behavioural factors are important and it seems likely 
that these largely negated potential technical savings. 

Other possible causes 
of variation 

• 
• • • 

Its the person, not the washing machine 
that counts 

Washing machines 

No significant savings were found here so there is 
no evidence that investment in replacement 
appliances produces any returns at all, let alone 
reaching cost-effectiveness. This may be the effect 

In order to be sure that the savings we are 
measuring are due to the intervention programme, 
it is worth taking a little time to consider other 
factors which might be responsible for the savings 
measured for cold appliances and lighting. The two 
possibilities are: 

Behavioural factors 

It could be argued that the savings measured are due 
to behavioural changes rather than the intervention 
programme. In the case of the cold appliances there 
are two sources of evidence which rule this out. 
Firstly, there is no evidence of behavioural change 
from energy diaries for the households who received 
replacement appliances. Secondly, the appliances 
which were not replaced form a control group and 
here no savings are seen. 

The situation with lighting is more complex, as 
energy diaries did not cover lighting use and no 
control group is available because all households 
received CFLs. However, the energy saving 
characteristics of CFLs are very well established and 
it would seem an unlikely coincidence that a 
behavioural change leading to major savings 
appeared in the majority of participating households 
at the same time as CFL substitution programme 
was implemented, especially as no energy advice was 
given in relation to lighting. In addition, savings of the 
order seen could only achieved by very significant 
behavioural change involving sufficient reduction in 
lighting loads to affect participants' quality of life. 
This is inherently improbable. • 
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Environmental factors 

The major factor to be considered here is the 
effect of climate. The design of the project should 
eliminate any effects of seasonality, with pre and 
post-intervention monitoring periods covering 
twelve months. It remains a possibility that year 
on year variations could still affect the results in 
certain cases. Year on year variation is not an 
issue for lighting, although it shows strong 
seasonality, because the main variable affecting 
lighting use, day length, shows a seasonal variation 
but does not vary between years. The situation is 
different for cold appliances. Here the main 
influence is likely to be temperature and the clear 
indications of seasonality for these appliances are 
prima facie evidence that temperature can affect 
their electricity consumption. Year on year 
temperature variation does occur and so this 
could affect the results. 

In practice this does not appear to be a significant 
factor.for the following reasons: 

• Year on year temperature variations are 
typically less than 10% and the reduction in 
energy use by cold appliances following 
intervention was considerably greater than 
this. 

• The cold appliances that were not replaced 
again form a control group. They did not show 
any significant variation between the pre and 
post-intervention years of monitoring. 

Overall, it does seem reasonable to conclude that 
the energy savings we measured are due to 
appliance and light replacement and behavioural or 
environmental factors. 

Market potential 

The results indicate that the economic measures 
are, in order of cost-effectiveness: 

• replacement of CFLs 
• 
• replacement of fridges 

• replacement of freezers 

However, it is important to note that in all these 
cases there were some examples of replacement 
which did not prove economic. This is a key point. 
The Billsavers project is seeking to establish the 
parameters for a cost-effective programme 
offering appliance or lighting replacement to 
clients. Individuals will not be interested in the 

average savings of the programme but in their 
own individual cases. If they do not see reasonable 
savings, or in some cases any savings at all, they 
will not be satisfied clients. Thus whilst our 
criteria were reasonably effective, they need to be 
made more rigorous in order to exclude cases 
where no economic savings are achieved. 

This in turn has implications for the likely size of 
the 'market' for such a programme. As selection 
criteria become more rigorous, the proportion of 
the population qualifying is reduced. Failure to 
confirm that fridge-freezers can be economically 
replaced also reduces the size of the pool of 
replaceable appliances. Nevertheless, for fridges 
and freezers we still have cost-effective savings for 
6% and 4% of all households in the sample 
respectively. The corresponding figure for lights is 
much higher at 60% (taking a 25% return as cost-
effective in this case). 

In the three study areas of Wester Hailes/Sighthill, 
Niddrie Craigmillar and Pilton/Muirhouse there 
are approximately 13,000 households. Our 
predictions are therefore that in these areas alone 
780 fridges and 520 freezers could be cost-
effectively replaced whilst 7,800 households could 
cost-effectively replace CFLs. 

The total figures for cold appliances are 
considerably less than predicted from the first 
year of pre-intervention monitoring, which 
suggested that 5,000 cold appliances could 
economically be replaced (2). The difference is 
largely because, despite predictions, fridge-
freezers did not prove economical to replace. 
Nevertheless, the remaining figure of 1300 in total 
in the three study areas still represents a large 
market for appliance replacement whilst that for 
CFL substitution is much larger. The market for 
the whole of Edinburgh would be correspondingly 
greater still. 

Thus even tightening up the criteria would still 
leave plenty of scope for an energy-saving 
initiative targeted at fridges, freezers and lights in 
low-income households. 

Electricity consumption 
by small appliances 

A subsidiary part of the project has been the 
opportunity it has provided, in combination with a 
new type of meter, to monitor consumption by a 
variety of smaller appliances. 
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Most of these appliances used only modest 
amounts of electricity and so the scope for 
significant cost-effective energy saving measures 
here is slight. However, there are two exceptions 
where sufficient electricity use has been recorded 
to offer some potential for making savings of 
significant value: the few households with very 
high-consuming television sets and the majority of 
households with kettles. 

Television sets 

Some of the TV sets monitored use electricity 
worth more than £25. Over the last 25 years 
television sets have in general required less and 
less power to operate, down from 250W in 1970 
to 70W in 1994. This has been the result of 
changes in technology, from valves, through 
transistors to integrated circuits. However, age 
does not seem to be the main factor in 
determining consumption in Billsavers households, 
the televisions using a lot of electricity are mostly 
not very old. They are, however, nearly all large-
screen devices and power consumption is closely 
correlated with screen size. Energy diary data 
show that the other key factor is behavioural, 
those with the high-consuming sets recording that 
they keep them on for up to 20 hours/day. 

It is difficult to see much opportunity for 
influencing either of these factors. Billsavers 
households who watch a lot of television do so 
because of social factors, they are the main source 
of relatively cheap entertainment for people who 
because of unemployment or retirement have a 
limited income and a lot of time on their hands. 
They are likely to resist reducing the hours 
devoted to one of their main pleasurable activities. 
Similarly, screen sizes in many Billsavers 
households are large because the television is 
used so much, heavy users seeking the best quality 
picture. Again, this is not likely to be an area 
where people will wish to make savings. 

Kettles 

Kettles show plenty of room for improvement 
with significant average costs and some very high 
costs at the upper end of the distribution. 
However, technical potential is very limited. Most 
Billsavers participants already have the more 
efficient jug kettles and there is little scope for 
further technical improvement. It may be that 
participants are over-filling the kettle when boiling 

The cup that cheers can be costly 

it and a programme of education could reduce 
consumption. However, against this, energy diaries 
show very heavy use of the kettle amongst 
households with high-consuming kettles, suggesting 
that here too the main influence is behavioural. The 
most sensible and cost-effective ieasure for those 
households with a gas cooker would be to buy a 
stove kettle but consumer resistance to the longer 
boiling times would be expected. 

Thus even in these apparently more favourable 
cases the potential for improvement must be 
regarded as strictly limited. 

Electricity consumption 
by appliances as a proportion 
of total household consumption 

The average total electricity consumption per 
household, at 4831 kWh/year is broadly in line 
with other estimates given the March report (I) 
and the second year report of the DECADE 
project at the University of Oxford (5). However, 
the proportion of it accounted for by appliances 
and lighting, at 43%, seems much lower than 
equivalent figures from these studies, e.g. the 
DECADE project estimates the proportion at 

• 
• 
• 
• 
• 



appliance/light component the contributions of 
individual appliances seem broadly in line with 

lights and appliances. This said, within this 
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71%. Some of this difference can be accounted for 
by the limited range of appliances that we 
monitored, omitting appliances such as toasters, 
audio equipment, computers, vacuum cleaners, 
showers etc which were included in the DECADE 
study. However, it remains a low figure. 

The contribution that each individual type of 
appliance makes to the total usage by all 
appliances is also of interest. As we did not 
monitor the complete range of appliances, our 
figures are again not directly comparable with 
those given in these other studies. Nevertheless, if 
allowance is made for this, they are fairly similar. 

Although there are problems of comparability 
these results do suggest that whilst the amount of 
electricity used in the Billsavers sample of low-
income households is not markedly different from 
the UK average, there are some differences in the 
proportion of this total that is accounted for by 

other findings. The most probable explanation of 
these similarities and differences is that a 
relatively high number the Billsavers households 
have electric heating. This will affect the relative 
proportions of appliance and non-appliance usage 
in Billsavers households compared to the UK 
average. 
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Conclusions and future work 
The Billsavers project has shown that there is a 
large potential for the cost-effective replacement 
of incandescent light bulbs, fridges and freezers in 
low-income households. Replacement of other 
large appliances is not cost-effective whilst repair 
of appliances is generally not practicable. 

The project has also produced evidence that 
behavioural factors markedly influence the extent 
to which the technical potential for electricity 
savings for lighting and appliances is actually 
realised, particularly for lighting. However, 
measures specifically aimed at behaviour 
modification (energy advice) did not have any 
significant effect. 

Billsavers has succeeded in demonstrating a 
further cost-effective strategy for addressing the 
problem of fuel poverty in low-income 
households. One key issue which must be 
addressed is more precise identification of those 
lights and appliances which can be cost-effectively 
replaced. Work will continue on this issue and the 
extension of Billsavers to a sample of middle- 

income households will allow us to refine our 
techniques and criteria. 

This middle-income work will also allow us to 
assess the cost-effectiveness of lighting and 
appliance replacement in another socio-economic 
group and thus get a clearer idea of the overall 
potential for this approach to domestic energy 
conservation. 

We are committed to moving the Billsavers 
approach from the academic to the concrete and 
the challenge now is to build on this successful 
demonstration in low-income households. We 
shall use the information we have gathered and 
the practical experience we have gained to 
develop a self-financing larger-scale programme of 
replacement. This will offer capital loans to clients 
repaid from the savings made. 

Progress in the development of this larger-scale 
operation and the results from the middle-income 
work will form the basis of subsequent reports 
from the project. 
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Availability of data 

It will be apparent that the Billsavers project has generated large 
amounts of data concerning energy use in participating households, 
with a level of detail not available elsewhere. This data covers the 
period from August 1993 to January 1996. It is not restricted to 
the meter readings for monitored appliances and circuits but also 
includes the full range of information collected in the initial survey, 
the later investigation into lighting usage and the behavioural data 
represented by continuous energy diary series. 

Sub-sets of this information can be supplied in a variety of machine-
readable formats, with the exception of data identifying individual 
households. It may well be that other organisations or research 
projects might find some of the Billsavers data useful for their own 
work. Please contact LEEP if interested and we'll be happy to help. 
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Appendix I 
Projection of lighting data 
to a full year 

Meter readings on the lighting circuits show 63% 
of electricity for these lights is used over the 
winter months of October — March. The 
remaining 37% is used over the summer months of 
April — September. If we assume that patterns of 
lighting use in lamps are similar to those for lights 
on the lighting circuit then this information can be 
used to project the consumption of CFLs in lamps 
over a year. 

For any particular ring main CFL, we know the 
period over which readings were taken. We also 
know the amount of electricity consumed during 
this period. We can easily calculate the numbers 
of summer days and winter days, on the 
definitions above. Using these figures and the ratio 
of summer consumption to winter consumption 
described above we can predict the annual 
consumption of the CFL. 

This can be expressed as a formula, as below: 

P = C / [ ( 0.37 x S / 182 ) + ( 0.63 x W / 183 ) ] 

C = known consumption over monitored period 
P = projected annual consumption 

S = number of summer days in monitored period 

W = number of winter days in monitored period 

Calculating the savings 

A traditional incandescent bulb uses five times 
more power than a CFL with the equivalent light 
output. In the Billsavers project lights were 
replaced with CFLs on the basis of equivalent light 
output. To calculate savings by replacing 
incandescent bulbs with CFLs we assume: 

I the light continues to be used for the same 
amount of time as before replacement with 
the exception that: 

2 10% of the savings may be taken up by increased 
utility, the comfort factor (the level of comfort 
factor used by the Energy Saving Trust) 

As the incandescent uses 5 times the electricity of 
the CFL the savings will be 4 times the 
consumption of the CFL. Applying the comfort 
level factor of 10%, this reduces the savings to 3.6 
times the CFL consumption. 

This means that for any CFL that replaces a 
traditional bulb on an equivalent light output basis 
we can estimate the savings in a given period as 
3.6 times the electricity consumption of the CFL. 

If we apply this factor to the projected annual 
consumption of a CFL as described above we can 
calculate the annual savings that will have resulted 
from replacement. 




