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DECADE, FIRST YEAR REPORT 1994 Executive Summary

Domestic equipment and carbon dioxide emissions project

DECADE is a 2 year project to assemble market, behavioural and other information about domestic electric
appliances (including lighting) and, using these data, construct a model of electricity use in the UK domestic
appliance sector. The intention is to use the model to assess the impact of a range of energy efficiency
policies in the UK. The project is funded under the European Commission’s SAVE programme, with
substantial financial support from the Energy Efficiency Office of the Department of the Environment. The
project was made possible also by the financial support of the Environmental Change Unit by Nuclear
Electric, and Dr Brenda Boardman’s Fellowship in Energy Efficiency funded by PowerGen. It is hoped that
the results of the project will contribute to European Commission policy making, in addition to that of the UK
government.

The emphasis in the first year was always on obtaining a model and data and combining the two. This has
been achieved, though the variability in the quality of the data and the gaps in knowledge on usage were
greater than anticipated. There is now a methodology for getting all data on UK domestic electric appliances
into one common, interactive format.

The first iteration of the DECADE model provided a total for domestic electricity consumption in appliances
within 3% of the total given to us by the Building Research Establishment. This extremely successful result
was based solely on our data, collected or interpolated, and did not involve any fine-tuning of the results. The
first year of DECADE, therefore, confirms the previous judgements on the proportion of electricity going into
appliances. However, this has focused concern on the remaining consumption of electricity in water and
space heating. The interim judgement is that the total consumption in domestic electric appliances, as given in
Figure 2.3, demonstrates the correct trend, when the effect of price, weather and other major factors, is
smoothed out.

The results show a doubling in electricity consumption in domestic appliances and lighting in Great Britain
between 1970 and 1992. In many cases the improvements in technical efficiency of an appliance appear to be
being offset by increased standards of service.

In addition to improved standards of  energy service, the increase in total demand comes from:

• the growth in household numbers (in addition to a general increase in the population, the average
household size has been falling steadily for many years, and these two trends are predicted to continue
such that the total number of households could reach over 27 million by 2020, compared with under 18
million at the beginning of the 1970s) ;

• a higher proportion of all households owning individual appliances (although ownership levels of some
appliances such as refrigerators are at or close to the maximum they are ever likely to reach, for others
such as dishwashers or personal computers there could be a significant increase); and

• new equipment on the market (it is only relatively recently that microwave ovens, and satellite and cable
TV equipment have been introduced to the UK domestic market, and there may be many other such
innovations over the coming years which could have an impact on domestic electricity use).

If overall electricity use is to be stabilised or reduced, the improvements in energy efficiency would have to
be substantial to offset the cumulative effect of these trends.



The DECADE approach is to take account of both technical change and human behaviour, and to look at the
impacts of these on:

• decisions to purchase appliances;
• the choice of model (both the range available to the consumer and the choice from within this range);
• usage patterns and trends; and
• responsiveness of both consumers and the supply chain to policies, for instance educational energy

efficiency labels or minimum efficiency standards.

All the work in this first year has confirmed the benefits of this approach but has also highlighted the shortage
of good research that identifies and quantifies these interactions. One of the main challenges for the second
year is to undertake our own research into values and associated behaviour and to develop the model to deal
with these factors.

The first year report is organised as follows:

• Chapter 1 (Introduction) explains the background to and objectives of the project ;
• Chapter 2 (Modelling philosophy) reviews the types of domestic sector energy model in existence and

explains the development of the DECADE model;
• Chapter 3 (Data requirements) describes the methods used in the project to identify, validate and organise

the available data, together with the collaboration between the DECADE project and the Lothian and
Edinburgh Environmental Partnership’s ‘Billsavers’ project;

• Chapter 4 (UEC trends) explains the technical trends in the energy efficiency of specific appliances,
building on work done in collaboration with the Group for Efficient Appliances;

• Chapter 5 (Demographic trends) sets out the likely changes in population, household size and household
composition which will affect domestic sector energy use;

• Chapter 6 (Behavioural issues) defines the DECADE project’s approach to the study of the cultural and
behavioural factors which influence domestic electricity use;

• Chapter 7 (Scenario planning) considers the issues involved in the development of a baseline and a series
of policy scenarios for the DECADE model;

• Chapter 8 (Conclusion) summarises the findings from the first year and looks forward to the challenges of
the second year.

A proposal for further funding from the SAVE programme and the EEO has been submitted for
consideration. If the bid is successful this will allow the team to develop the model to consider additional
policy initiatives, by incorporating additional data from a range of detailed projects currently analysing
domestic energy use in various parts of the UK, and by further work to understand the impact of policies on
the entire supply chain.

For further information please contact Dr Brenda Boardman (01865 280584).



CHAPTER 1: Brenda Boardman
INTRODUCTION - BACKGROUND, CONTEXT AND OBJECTIVES

1.1  BACKGROUND

1.1.1  Historical knowledge on appliance usage

Analyses of energy consumption in the domestic sector have traditionally focused on space and water
heating, which represent about 75% of all energy used in the home, with only a sporadic concern for
appliances and lighting. As homes become more energy efficient, the space heating proportion is declining. In
addition, the concern over climate change and greenhouse gases has brought all uses of electricity into a
sharper focus, because of the greater level of emissions per unit of delivered energy.

In Britain, about two-thirds of all domestic electricity is used for appliances (including lighting and cooking in
this report) and this use is showing a strong growth trend (Figure 1.1). Electricity for water heating is
declining and for space heating is linked to an erratic pattern. These two uses of electricity are properly
outside the scope of this project, but an essential component of our process of validation against total
electricity consumption. They are part of ongoing discussions with the electricity industry and Building
Research Establishment. Thus, the use of electricity in domestic appliances is a substantial and growing
proportion of all electricity use. Across all energy uses, domestic appliances is one of the sectors showing real
growth, together with transport. With rare exceptions, appliances are electricity specific - there are virtually
no fuel substitution options. Therefore, any strategy to curb carbon dioxide emissions has to consider the more
efficient use of electricity in appliances.
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Figure 1.1  Domestic electricity demand, by major end use category,
 Great Britain 1970-1994 (GWh)

Sources: Boardman and Houghton 1991, p38; and DECADE team estimates

There have been earlier attempts to encourage energy efficient appliances. The European Community passed
a voluntary directive on the energy labelling of appliances in 1979, but progress was ‘frustrated by difficulties
with establishing norms and testing methods’ (Jones 1989 p64). The British Government had ‘no plans to
launch an energy labelling scheme for electrical appliances’ (Hansard 29 Feb. 1988, WA col 480). In Britain,
therefore, progress has been slow and limited to voluntary agreements and pilot projects, for instance with
Eastern Electricity and John Lewis Partnership, despite strong support from the Select Committee on Energy
(HC 87 1985, pp xv, 55). Another new initiative was launched in November 1991, by the Regional Electricity



Companies (RECs), but involved only using their own label in their own showrooms. The small-scale,
sometimes temporary nature of these initiatives, perhaps using poorly-designed labels, has meant that UK
consumers have never had an informative system for choosing efficient appliances.

Meanwhile, forecasts of electricity growth in the domestic sector have shown substantial, but unsubstantiated,
increases in demand from appliance usage. For instance, in the case for the new nuclear power station at
Hinkley C, the Central Electricity Generating Board (CEGB) predicted that the growth in peak electricity
demand from miscellaneous appliances and lighting over 10 years ( ‘others’ in Table 1.1) would be
considerably more than the growth in domestic peak demand as a whole. This would mean that this ‘other’
category would represent 50% of peak demand in 1995/6. The level of research, outside the electricity
industry, meant that it was hard to justify questioning these figures, however improbable they look.

Table 1.1 CEGB predicted growth in domestic peak electricity demand
                England and Wales, 1986/7 to 1995/6

1986/7 (GW) 1995/6 (GW) % change

Refrigerators 0.19 0.20 +3

Fridge-freezers 0.46 0.55 +20

Freezers 0.31 0.38 +22

Cookers 2.98 3.15 +6

Televisions 0.75 0.85 +13

Water heating 1.65 1.22 -26

Space heating 2.49 1.53 -39

Other appliances and lighting 5.96 8.76 +47

Total domestic 14.80 16.64 +12

% of peak load 33% 33%

Total peak 44.4* 50.5** +14
Sources: Evidence to Hinkley C Enquiry. November 1988: *CEGB 5, figure 2; ** CEGB 4, figure 1;
CEGB letter to Bristol Energy Centre 29.11.88. Additional calculations by B Boardman

Using a more detailed breakdown of appliance categories, the CEGB predicted that over 40% of the growth
in total domestic electricity demand would come from ‘other’ appliances in the period until 1994/5. For the
subsequent 5 years, the growth in demand from these unidentified appliances was greater than the predicted
total increase in consumption in all appliances (Table 1.2). It was this latter time period that was crucial in
proving the need for new capacity, so confidence in the forecasts was a necessary component of accepting
the case for additional generating plant. The need for independent research and assessment was clear.

Research into fuel poverty has focused on the need to keep warm and the lack of capital investment in
energy efficiency in low-income homes. The target of affordable warmth could be defined, because the state
of being warm and comfortable is the same, within relatively narrow boundaries, for all human beings.
Defining the adequacy of other aspects of energy use in the home is less easy and there is relatively little
information on what is considered the accepted norm, or even minimum, in Western society. What is a safe
level of lighting in the home and how does this vary with the age of the occupant? Should incomes be
sufficient to run a television, whereas a video is considered a luxury? And how much is consumption higher in



low-income homes because of the use of inefficient refrigerators, just as with inefficient heating systems? A
study  funded  by  the  Joseph  Rowntree  Foundation  demonstrated the paucity of data and inconsistency
Table 1.2 CEGB predicted growth in domestic electricity demand in appliances,

England and Wales, 1986/7 to 2000/1

1986/7 (GWh) 1994/5 (GWh) 2000/1 (GWh) % change

1994/5 - 2000/1

Refrigerators 3,368 3,061 2,933 -4

Fridge-freezers 6,090 6,298 5,911 -6

Freezers 5,469 5,710 5,338 -7

Cookers 7,332 7,091 6,951 -2

Televisions 4,566 4,376 4,206 -4

Washing machines 3,321 2,546 2,320 -9

Washer-dryers NA 1,660 2,057 +24

Tumble dryers 1,781 1,698 1,670 -2

Dishwashers    679 1,296 1,673 +29

Kettles 4,193 4,535 4,574 +1

Irons 1,432 1,519 1,534 +1

Vacuum cleaners   476   575   589 +2

Lighting 7,028 7,851 8,226 +5

Others (computers,
videos, small kitchen
appliances, etc)

4,685 6,646 7,858 +18

TOTAL 50,420 54,862 55,839 +2

Source: CEGB evidence to Hinkley C Enquiry (1988) Table 8

amongst known findings, particularly on the relative consumption by different income groups (Boardman and
Houghton, 1991). The questions remained largely unanswered and demonstrated again the need for more
research into domestic appliance usage. One of the most disturbing findings of the research was that the
amount of consumption assumed for the ‘average’ owning household varied by a factor of up to three (Table
1.3). All of these estimates have been derived from models of UK households and several are in use
concurrently.

Table 1.3 Range of estimated average energy use in specific appliances, UK 1991

Appliance kWh pa
Colour TV 140-340

Tumble dryer 170-520

Cold-fill washing machine 160-400



Source: Boardman and Houghton 1991, pp61-2

This absence of information is reflected in the way that national models of energy demand and use for the
UK contain minimal data or equations on domestic appliance and cooking usage.

The Energy Efficiency Office produced two reports on domestic energy demand, to consolidate the existing
information. The first of these (Evans and Herring, 1989) covered the whole domestic sector, mainly focusing
on space and water heating. The second was solely on electrical appliances (March Consulting Group, 1990).
Subsequently, little has been published on demand in domestic appliances in the UK, although summary tables
(for GB) are provided in the Building Research Establishment’s Domestic energy fact files . Research in
University departments into domestic appliance usage has occurred mainly at Cranfield, with a focus on
technical developments, and at the Open University in the context of household energy audits. Work in
domestic science departments was not linked into studies by energy research groups (and is still being
researched by the DECADE team).

In a more general sense, programmes to reduce demand for electricity are difficult to target and assess in the
absence of detailed knowledge of domestic appliance usage. These programmes may be initiated by the
utilities, at the behest of the regulators, or to flatten the load curve. Other programmes may constitute part of
the European and British proposals to reduce carbon dioxide emissions. In all cases, accurately predicting the
outcome of a policy depends upon a good understanding of present consumption and current trends.

These factors formed the background to the application in 1993 to the European Commission’s SAVE
committee (within the Energy Directorate, DGXVII) and to the UK’s Energy Efficiency Office (EEO) for
funding. The proposal was to study the use of appliances in the domestic sector, the influence of policy
initiatives and the resultant effect on carbon dioxide emissions, under the acronym DECADE (Domestic
Equipment and Carbon Dioxide Emissions). The study is country-specific, starting with the United Kingdom,
but developing an approach that can be replicated in other countries.

One reason, we believe, for the success of the bid was the perception that research was needed, outside of
both the electricity industry and the government. The University of Oxford provides that independent
approach.

1.1.2 Collaboration

The European Commission required collaboration between the DECADE project and the complementary
Group for Efficient Appliances (GEA). This consortium of European agencies is led by Dutch, Danish and
French organizations, but includes a growing number of other countries. The GEA approach is to look at the
technology involved in a group of appliances and consider the potential for energy savings through greater
energy efficiency. The research is directly linked to European Commission policies and provides information
for the Commissioners. The first report considered the cold appliances (refrigerators, fridge-freezers and
freezers) (GEA 1993). The second study is on the wet appliances (washing machines, tumble dryers and
dishwashers). This detailed focus on groups of appliances, across the whole Union, is complementary to the
DECADE approach of a country-specific focus, across all appliances. The two approaches will, if they
continue to attract funds, progressively study the whole matrix of European appliance use. The DECADE
project, as described later, is collaborating most closely with agencies developing national models in Denmark,
France and the Netherlands (see Appendix 4).

The DECADE and GEA collaboration is achieved through Mark Hinnells’ membership of both teams. Other
members of the DECADE team contribute to our data, modelling and scenario inputs to the GEA study. For
instance, we are modelling the policy scenarios for the present study for all 15 countries of the European
Union. These same, or similar, scenarios will be developed further for the DECADE model.



The insistence of the SAVE committee on this collaboration was eminently sensible and has been of
considerable benefit to both research projects.

1.2 PRESENT POLICY CONTEXT

1.2.1 Europe

International concern about global warming has resulted in the signing of the Climate Change Convention and
Agenda 21. In the European Community the commitment to stabilize carbon dioxide emissions at the 1990
level, by the year 2000 will be met through a range of initiatives, with a strong emphasis on the more efficient
use of energy. Where domestic buildings are already well-insulated, future reductions in this sector will have
to come from appliances as the main remaining opportunity for savings in households. There are two further
reasons for focussing on appliances: first, the turnover in the stock of appliances is relatively quick as most
equipment has a lifetime of 10-15 years. This enables improvements to spread much more quickly than, for
instance, improvements to the Building Regulations. Secondly, with the present average European generating
mix, electricity is the most polluting fuel in terms of carbon dioxide emissions per unit of delivered energy and
therefore policies to reduce emissions have to focus on electricity use.

Energy labels, eco-labels and minimum standards are all European Commission initatives to encourage the
more efficient use of energy in domestic appliances (Table 1.4). The energy star labels cover office
equipment that is also used in the home. The effectiveness of these incentives will depend as much upon the
reactions of consumers and manufacturers as on the character of the policies that are enacted.

1.2.2 United Kingdom

The British Government’s programme to reduce carbon dioxide emissions includes 40% of the reduction
coming from the domestic sector and, of this, a major component is initiatives under the SAVE programme’s
directives . Improvements in the efficiency of appliances are expected to contribute to national programmes
to  reduce carbon  dioxide emissions in  several European countries. In the UK, 0.5 MtC is estimated to come
from minimum efficiency standards by 2000 out of the total of 10 MtC (Cm2427 1994, para 3.39) and other
SAVE initiatives in the domestic sector. The UK Government expects these standards to be progressively
strengthened:

 ‘The objective of the first stage of the introduction of minimum standards is to give, by 1997, an average
improvement in the efficiency of domestic electrical appliances of 10%, worth £100 million a year of total
electricity savings to UK domestic consumers alone, by removing the most inefficient appliances from the
market. A further toughening of standards to yield a 40% total improvement by the year 2000 is proposed’
(ibid).

1.3 THE DECADE PROJECT

1.3.1  Objectives

The Environmental Change Unit (ECU) was notified of the success of the DECADE bid on 15 November
and the contract signed on 22 December 1993. Half of the funding has come from the European Commission,
slightly over 40% from the EEO. The Environmental Change Unit has been able to make up the balance from
its own funds, thanks to a generous donation from Nuclear Electric. The proposal is:

To provide a framework for policy decisions on the reduction of carbon dioxide emissions by the development
of a model of electricity used in domestic appliances.



The project starts from the SAVE Programme’s objectives for 1993:

• to build on the new appliance labelling legislation;
• to evaluate consumer responses to different ways of conveying the energy efficiency message;
• to assess the role of the utilities in contributing to these aims through undertaking demand side

management measures.

Table 1.4  European Community policy on consumer products

Policy instrument Appliance Timetable

Energy labels Cold appliances Mandatory from 1.1.95

Wet appliances Drafted 1995

Energy star labels Computers, printers, faxes,
photocopiers

Drafted 1995

Eco labels Washing machines
Dishwashers

November 1993

Cold appliances, lighting Agreed 1995

Minimum efficiency standards for
new appliances *

Cold appliances Due March 1994,
effective 1997 -10% cut
revision 2000 - 40% cut

Wet appliances Shortly after

* Minimum efficiency standards for cold appliances were not set by the Commission in March 1994, but the
Dutch and Danish Governments will go ahead unilaterally with their own, perhaps more rigorous, standards if
there is no European-wide scheme in 1995

These objectives are addressed partly through a model of domestic appliance electricity use, which is being
extended to incorporate cultural, behavioural and economic factors in the UK  and compared with models
elsewhere in Europe, and partly through discussion on context.

The costs and benefits of a range of policy options will be identified that reduce carbon dioxide emissions
through energy efficient domestic equipment. The options aim to maximise the advantages of appliance
labelling and other policies, whilst considering:
 
• the timescale for and size of carbon dioxide reduction required;
• the level of certainty needed for these reductions;
• the way in which the costs of the incentives are to be apportioned between the various participants;
• the total level of expenditure by government or institutions deemed acceptable;
• whether any household type will be disadvantaged.

When developed, the model will have the capacity to inform discussion on:

• the impact of various policies and strategies
• the general effect of new design standards for manufacturers



• the implications for energy distributors and generators
• emission impacts.

1.3.2 Developing the model

It was always recognized that there would be a need for a substantial, new data base. In addition, the
DECADE team are designing new modules to extend the original model and provide a policy and scenario
capability. To facilitate both these activities, links are being made with external organizations (Figure 1.2).

Abbreviations:
EC (SAVE) The SAVE funding and action programme of the European Commission
GEA Group for Efficient Appliances, our twin research project, focusing on specific groups of appliances,

across the whole European Union
UK/EEO the UK Department of the Environment (which includes the Energy Efficiency Office) has primary

responsibility for compliance with the Climate Convention on carbon dioxide reductions
DAE Cambridge University’s Department of Applied Economics is developing a Multisectoral Dynamic

Model of the UK economy (MDM), which examines the effects of energy policy, including the
imposition of value added tax (VAT) on domestic fuel

BRE the Building Research Establishment whose BREHOMES study of UK domestic energy use dovetails
with DECADE, to cover the whole sector in detail

ESI the Electricity Supply Industry is concerned about the distribution of load and may be involved in
demand side management (DSM), for economic reasons or to comply with regulatory requirements

AMDEA the Association of Manufacturers of Domestic Appliances, the trade association in the UK who need
to respond to EC directives as well as market trends

EST Energy Saving Trust, set up by the EEO in November 1992 to invest in energy efficiency measures in
domestic households and small businesses. One of the first programmes involves subsidising the
cost of low-energy light bulbs at the point of manufacture to reduce the cost to consumers

Figure 1.2 DECADE links with other organisations
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1.4  STRUCTURE OF THE REPORT

Each section of this report has been written as a collaborative effort, with contributions and comments from
all members of the team - that is how we work. The individual members of the team and their qualifications,
together with a list of our consultants, is given in Appendix 2. Each section of this report, however, describes
the contribution of one person in particular, the lead author.

The contract started on 22 December 1993, for two years. Work began in January 1994 with an existing
member of staff, Dave Favis-Mortlock spending a week in Copenhagen learning about Elmodel, developed
for the Danish electricity generators by DEFU. This is the basis of the DECADE model and is described in
Chapter 2 by Kevin Lane, together with the adaptations that have already occurred and are planned.

Early data collection was undertaken by an external expert in this field, Horace Herring, and the way the
process has been developed, extended and incorporated into the model is described in Chapter 3 by Emma
Small.

Some data are relatively firm, for instance on ownership levels. Other data are more complex, either because
they are not available or combine a variety of trends, or both. This is particularly true of consumption trends -
the energy used in each appliance as a result of the demands of the consumer and the technology of the
machine. Mark Hinnells describes the state of our knowledge in this area in Chapter 4 and indicates the range
of sources and judgements involved, together with possible trends.

A major influence on future energy demand comes from the total number of households and the likely levels
of appliance ownership. Even with near universal ownership, for instance of a cold appliance, lights, television
and washing machine, there will be additional consumption for each extra household. The demographic trends
underlying our scenarios are discussed in Chapter 5 by Geoff Milne.

One of the unique contributions of the DECADE energy model comes from the emphasis on behavioural
issues. This is unusual both in Europe and North America. The reasons for this focus and the data required
are discussed in Chapter 6 by Veronica Strang.

The focus in this first year has been on data collection, but DECADE is designed as a policy tool. The issues
involved in scenario building that could or should be covered are discussed in Chapter 7 by Joanne Wade.

Finally, in Chapter 8, Brenda Boardman reviews the progress made in the first year.
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CHAPTER 2:  MODELLING PHILOSOPHY Kevin Lane

2.1  INTRODUCTION

The first stage of the DECADE project was to obtain or develop a suitable model of domestic energy use.
Models of energy demand can cover substantially different segments, with the resultant variations in detail
(Figure 2.1). DECADE focuses on both total consumption and (to a lesser extent) power demand by
appliances, from a bottom-up, household perspective, rather than a top-down, econometric approach.

    

Figure 2.1  Energy sectors

2.2  EVALUATION OF EXISTING MODELS

An initial survey of available models of energy consumption indicated the existence of several American
models (mostly commercially-produced and therefore expensive) but few European ones.  However, further
investigation revealed more European models: compared to their American counterparts, these were poorly
publicized and more oriented toward research rather than commercial usage.

2.2.1  Types of existing model

There are two main categories of energy model.  The top-down type of model takes an econometric
approach: input variables are (in general) easy-to-collect economically-based data such as GDP, supplied
electricity and fuel price.  Bottom-up models, by contrast, take a more disaggregated, engineering-type
approach. In these models, the input data variables are usually physically measurable quantities, eg the
specific energy consumption of a refrigerator.
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Top-down models are used primarily for modeling energy supply, especially the effects of price changes.
Since such models are directly based upon historical data it is difficult to use them for predictions
incorporating any novel aspects, eg to allow for future changes in technical efficiency.
Bottom-up models are used to model energy demand.  Due to their greater physical base, they can be more
robustly extrapolated to novel conditions, and thus used to model energy consumption under a variety of
future scenarios, eg incorporating the effects of technical change.  The disadvantage of such a physically-
based approach is inevitably greater complexity, and more importantly an increase in the data requirement.
However, even the most physically-based of existing models make only rudimentary attempts to cope with
the effects of  behavioural change. It is difficult to model realistically the effect of pricing policies using these
type of models.

2.2.2  A categorization of existing models

Using published information, details of 20 currently available energy models were collated, with particular
reference to their potential for modelling domestic energy consumption (an ECU paper describing these will
be available later this year).  Also, in order to obtain further information on some of the models, particularly
regarding their usefulness in a practical situation, short questionnaires were sent to various energy agencies
and institutions throughout Europe.  Selected respondents were then invited to give a presentation at the
Energy Modelling Conference which was held in Oxford (conference details are in Appendix 4).

From our literature survey, we found several American models which were developed for Demand Side
Management (DSM) programs, which principally included REM, REEP and REEM. Models concentrating on
the supply side, designed to simulate and optimize energy flows, include EFOM-12C and IKARUS.   HELM
is a load monitoring program.  Other software packages considered during our survey were COMPASS and
GEMINI.

ELMODEL had been used by the Danish energy agency to investigate the impact of minimum efficiency
standards which may be introduced at some future date, for fridge/freezers and wet appliances and seemed
the most appropriate for our needs.  MURE also sounded promising but was still in the process of
development.  ELMODEL was therefore seen as a useful starting-point for modelling the effects of policy
upon domestic energy consumption.

2.3  ELMODEL

ELMODEL (Electricity Model) was developed by DEFU (Research Association of Danish Electric Utilities).
It is a classic bottom-up model using data on sales, ownership, unit energy consumption, lifespan (as a normal
distribution) and usage to model electricity consumption through time by domestic appliance and other uses.
These variables may be extrapolated to predict future demand and also explore different scenarios.

The first version was written 15 years ago for a mainframe computer, although this did not attempt to
disaggregate consumption for individual appliances.  The motivation was the Danish energy import crisis of
the 1970s: at that time the great majority of the country's energy was derived from imported oil.  ELMODEL
was constructed to aid planning of future energy requirements. The current PC/DOS-based version of
Elmodel is 4-5 years old and was commissioned by two Danish electricity utilities ELKRAFT and ELSAM.

2.3.1  Principles

In common with several of the other models which also adopt a bottom-up approach, the basis of ELMODEL
is the simple equation:

Electricity Stock of Specific energy Usage



consumption = appliances x consumption x factor (2.1)

These terms are explained in the glossary (Appendix 1).
This equation is calculated for each appliance group for each 'segment' (in the Danish studies, this is a
combination of two attributes: region and dwelling type) for each year.  These results may then be totalled to
give an estimated national consumption figure for that year, which can be compared with known values from
electricity supplies or fuel bills.  If the fit is good, then it is possible, if assumptions are made about the future
stock, consumption and usage values, to make projections of future electricity use for that appliance and
segment.  These may again be totalled to give an estimate of future domestic energy consumption.  Such
forecasts may be carried out, using (for each parameter of each segment/appliance combination) one of four
extrapolation methods: constant, linear, Gompertz curve, or a user-defined curve.

2.3.2  Appliance age distributions

The stock of appliances is represented by the age distribution of appliances in use for each segment/appliance
combination. The age profile is important as the electricity consumption of more recent machines is in general
less than that of older ones.  The stock profile can be calculated if the ownership is known.  For most
countries ownership data are available only for a relatively recent period.  However sales data, although
nationally aggregated, are in general available for longer periods (some Danish data goes back to 1946).
ELMODEL therefore incorporates a regression method for estimating a smoothed segment/appliance
ownership distribution from national sales data (using the assumption of a normal distribution for the appliance
age).  It also has the facility to estimate sales given the level of appliance ownership, which is useful when
forecasting two or three decades ahead, since ownership forecasts are easier and more accurate than sales
forecasts.  Ownership levels tends to evolve smoothly, usually as an ‘s-shaped’ curve, and saturate at some
level, which lends itself to easy forecasting.

Using the age profile of appliances (see DEFU, 1994) the total consumption of electricity of an appliance a in
the year n (ea,n) is given by:
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(2.2)

where
si is the number of appliances a sold in year i
un,i is a the proportion of appliances sold in year i which are still in use in year n
wa,i is the consumption of electricity by appliance a in year i
fa,n is the relative frequency of use for appliance a in the year n (relative to a base year)

2.3.3  DECADE work with Elmodel

A copy of ELMODEL was obtained and converted from Danish to English. As a result of its DOS
implementation it suffers from memory problems with large data sets.  A Windows version is being developed
by DEFU, but will not be ready until the latter half of 1995, too late for the present DECADE report and this
project.

2.4  DEVELOPMENT OF THE DECADE MODEL

To overcome the problems of insufficient available data and memory restrictions of the DOS based program,
DECADE has developed its own software to perform a modified version of the ELMODEL within Windows.



It was decided to model different appliances using different methods due to the varying quantities of data.
Appliances where historical technical data are available, such as refrigerators, are modelled using the full
stock equation.  Other appliances where no technical change data are available, such as irons, are modelled in
a more simple way making use of their usage levels.
The overall strategy adopted for DECADE modelling is illustrated in Figure 2.2.  Historical data are input to
the model: total domestic energy consumption is then estimated using this data.  The estimated values are
compared to measured values, for instance from fuel bills; if the match is unsatisfactory, adjustments are
made to input data and total domestic energy once again calculated.  The process is repeated until the model
is satisfactorily calibrated.

Policy scenarios are then input to the calibrated model (via sub-modules, which translate policies into effects
on input variables); projections of the variables are then used to calculate projected total energy usage for
these scenarios.  If estimates of the future mix of generating sources are incorporated, CO2 (and other
greenhouse gas) emissions can be also predicted.

2.4.2  The DECADE model

The structure of DECADE model limits the variety of policy scenarios we can carry out.  Most of the types
of scenarios we wish to evaluate are best suited to a bottom-up type approach.  From our initial research, a
stock model (eg the ELMODEL type) seemed most appropriate.  However, incomplete data meant we
required only part of this model (Section 2.3.1); features such as segmentation (by household characteristic),
varying lifespans of appliances were unable to be used for the initial run.

The reduced model took the form, represented by the following equation:

Figure 2.2  The overall strategy of DECADE energy modelling
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(2.3)

where Ownership% is the percentage of all households possessing that particular appliance,  Household  is
the number of households in the region, in this case Great Britain (England, Wales and Scotland).  Northern
Ireland will be included as soon as we have sufficient reliable data.  UEC (unit energy consumption) is the
stock average electricity consumption for that particular year, ie the average amount of electricity used by an
average appliance in one year if present in a household. Various technical and behavioural trends associated
with each appliance have been taken into account within the UEC values; so refrigerator consumption, for
example, does take into account the improvement in technical performance through time and modelled as in
equation 2.2.

With an estimate of appliance consumption, together with BRE’s data on space and water heating (see
Chapter 1) a comparison is made with the amount of electricity delivered to the domestic sector, obtained
from a variety of sources including the Handbook of Electricity Supply Statistics, (until 1989; Electricity
Council, 1990) and the Digest of UK energy statistics (DUKES, 1994).

2.5 RESULTS OF FIRST RUN

The first run of the DECADE model is an historical explanation of electricity consumption by domestic
appliances from 1970 to 1992.  Data have been collected on 48 appliances and these have been grouped
according to specific functions, which are shown (see Appendix 1 for full details).

The most striking feature of this figure is the doubling of electricity consumption by domestic appliances from
30 TWh to over 60 TWh over the observed period.  The majority of this increase is apportioned to an
increase in cold appliance consumption, especially due to increased frozen space; and an increase in wet
appliance consumption, most notably by tumble dryers and washer-dryers. Another interesting feature is the
decline in electricity usage by ovens and hobs being nullified by the increase in consumption by small cooking
appliances. (See Chapter 4 for a full discussion of trends.)

2.6  CURRENT AND FURTHER WORK
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Figure 2.3  Domestic appliance electricity consumption in GB by end-use: 1970-1992.



The extrapolation of the underlying variables for each appliance, ie ownership, SEC, usage and  lifespan, will
give the baseline scenario.  Under development are the ‘policy/behaviour’ modules that will perturb these
underlying variables and thus the predicted consumption of electricity in the domestic sector.  A simple policy
would be the introduction of minimum energy performance standards where the SEC projection would be
lower than the baseline projection, the reduction dependent upon the standards level. The difference between
this policy ‘forecast’ and the baseline forecast will show the extent and effectiveness of the specific policies.
Such a policy of minimum standards is being studied by GEA 2 with the DECADE model being used to
examine the effects of such a policy on the ‘wet’ appliances (ie washing machines, dishwashers and tumble
dryers).  Also, if a cost is associated with the actual policy a cost-effectiveness (ie ECU/kWh) of the saving
may be calculated.  In general the interaction of the policy/behavioural module is as in Figure 2.4.

This extension to the model will enable us to incorporate behavioural, demographic, economic and technical
trends into possible future scenarios.  For instance, the introduction of energy efficiency labels will inform
consumers of the more efficient machines and induce them to purchase more efficient appliances (capital
expenditure) and perhaps use them more carefully (running costs).  As a result there will be a change in
patterns of consumption which should feed back to manufacturers’ decisions, so that the stock of appliances
offered on sale in the shops is more economical to run (Figure 2.5).

The exact impact of policy changes depends on the policy instrument and could be modelled in a variety of
ways, for instance as a transfer function type model. To model cause-effects in this way  will require an
understanding of the initial effect, the extent to which the impact diminishes over time and whether there is
any residual change embodied in the system. There appears to be little evidence in the social sciences of the
analysis necessary to establish the impact profiles for different policy instruments.  Modelling the system as a
series of transfer functions, their associated parameters and the timescale involved are active areas of
research at the moment, principally by Dave Favis-Mortlock.
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Figure 2.4  Addition of modules.
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2.7 CONCLUSION

The DECADE project has compiled an extensive data set, appropriate for an end-use stock model.
Electricity consumption in the domestic sector, since 1970, has now been modelled and apportioned to several
functions.  A high level of disaggregation has been achieved, down to 48 appliances.  This historical analysis,
although interesting in its own right, is an essential precursor to prediction using this type of model.  The
development of scenarios and the modules to predict them are currently underway.
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Figure 2.5  Main interactions between policy and consumers concerning appliance energy consumption
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CHAPTER 3:  DATA REQUIREMENTS Emma Small

3.1  INTRODUCTION

The DECADE model requires 25 years of historic data on domestic electricity consumption in the UK and
data to inform future predictions of electricity consumption. At present, the DECADE model addresses the
electricity  consumption of domestic appliances. Precise boundaries have been defined to determine
electricity consumption by appliances and by electrical space and water heating systems. For example,
DECADE accounts for the electricity consumed by central heating pumps, but considers the energy used to
heat water for hot-fill washing machines to be counted in space and water heating. Data on electric space
and water heating is being provided by the Building Research Establishment (BRE) using BREHOMES,
which models all aspects of domestic energy usage, but particularly focuses on space and water heating.

3.2  CATEGORISATION OF APPLIANCES

3.2.1  Appliance groupings

All mains electrical domestic appliances have been assigned to one of ten major categories. These are:
cooking appliances; cold storage equipment; laundry appliances; audio-visual equipment; home office
equipment; home care appliances; personal care appliances; security equipment; interior lighting and
appliances related to space and water heating. Each major category is divided further. The appliance
categories used in the first iteration of the DECADE model are listed in Appendix 1. These categories may
be sub-divided in later iterations of the model.

The data are organized so that trends in electricity consumption can be examined at more than one level. For
instance, the overall trend in the electricity consumption of laundry equipment as a whole can be examined.
How different appliances contribute to this trend can be seen by looking at the changes in consumption of
three groups of dryers (tumble, spin and other clothes dryers), two groups of washing machines (horizontal
and vertical axis) and washer dryers. The changes in all of these will affect the amount of, and the electricity
consumption of ironing.

The benefit of this approach is that future changes in consumption may act either on specific appliances (for
example, increased efficiency standards applied to one appliance) or they may act on a whole group of
functionally similar appliances (for example, the changes in the number and type of washes will affect the
consumption of clothes dryers as well as that of washing machines). In addition, since it is not always possible
to predict what new appliances may come on the market, it is not possible to make future predictions about
individual appliances alone, and may be easier to make predictions about the consumption of a functional
group.

3.2.2  Method of categorization

Our current scheme of categorization has been influenced by three factors. Firstly, appliances have been
grouped by function rather than process. For example, dishwashers have been traditionally grouped with
laundry appliances because of the similarity in washing process. DECADE groups dishwashers with cooking
appliances because they are likely to be influenced by the same trends in eating patterns. For example, an
increased trend in eating out will effect the consumption of cooking appliances and dishwashers. This
categorization reflects the emphasis on behavioural issues in the DECADE model.

The second factor affecting categorization is the availability of data. In order to minimize the degree of error
in the model, the categories used need to be compatible with the categorization of historic data sets. For
instance, much of the historic data on the ownership and unit energy consumption for tumble, spin and cabinet



dryers are grouped into one category ‘clothes dryers’. The DECADE data set has a category for ‘clothes
dryers’ which is sub-divided into the three different types of dryer. By making certain assumptions, historic
data on clothes dryers is then used to improve the data sets of the three individual dryers.

Thirdly, the usefulness of groupings for either the application of policy scenarios or for the analysis of trends
may determine appliance categories. One example is that policies affecting television appliances as a whole
are likely to act differently on television sets and satellite and cable appliances. Therefore appliances are split
into two categories so that their electricity consumption is considered separately.

These three factors may conflict so there has been a certain amount of ‘trade-off’ between the them. An
example of this is that it is more appropriate in terms of possible policy scenarios, to divide washing machines
into automatic and non-automatic machines. However, in terms of available data on the energy consumption
of washing machines it is better to divide them on the basis of a vertical or horizontal axis, so this division has
been made. What has been ensured is that for each appliance category, there is a precise and consistent
definition of the appliances that it covers. This, in itself is a major step forward, because of the wide range of
sources and possible definitions used.

3.3  DATA REQUIREMENTS

There is no fixed amount of data required to run ELMODEL. There can be any number of appliance
categories, the model can be applied to more than one regional area simultaneously, and it can take one or
more than one secondary characteristic of households into account. The level of complexity chosen for a
model run is the result of a combination of the detail of results required, the amount of data available, and the
type of policy instruments being forecasted.

The DECADE project will conduct several iterations of the model, each using a more detailed data set. An
assessment will be made of the increase in accuracy obtained by this additional detail.

3.3.1  First iteration

The first iteration was completed in January 1995. This models the electricity consumption of all domestic
electrical appliances in Great Britain between 1970 and 1992. Data for Northern Ireland and for the years
1993-1994 were omitted in this model run as few data were available. The data needs for the first iteration of
the model are as outlined in Chapter 2:

(i) The percentage of households in Great Britain owning each category of appliance in 1970-1992. In the
case of categories that cover more than one appliance (eg ‘small kitchen appliances’) this may be set at
100%.

(ii) The average annual energy consumption per owning household (UEC) for each category, (which is a
combination of technical and behavioural factors). In the case of categories that cover more than appliance,
and where ownership is set at 100%, this is the energy consumption for each and every household in GB.

(iii) Number of households in GB

For the first iteration, the model requires some 2,231 items of historical data (twenty-three years of ownership
data for forty-eight categories of appliances, plus twenty-three years of consumption data for forty-eight
categories of appliances, plus twenty-three years of household number data).

Details of the calculation made by ELMODEL in the first iteration are outlined in Chapter 2, section 2.4.2.

3.3.2  Later iterations



When data becomes available, the model will use historical data between 1970 and 1994 and include data on
Northern Ireland. Other data are currently being collected for the major appliances which include:

• a large data base on the test consumption data of new appliances sold in each year from 1970-1994

• the expected life span of new appliances sold in each year from 1970-1994. This refers to the number of
years that an appliance will be in service

• the size of new and second-hand markets of major appliances

• the average patterns of use of major appliances

• data on patterns of use and ownership and age of major appliances by secondary attributes.

For each of the major appliances, these data will be used to refine a ‘stock profile’.  This profile will be able
to calculate the number, age and efficiency of appliances in the stock at any one time, and the rate at which
new appliances ‘flow through’ the stock. The details of how this data will be used are outlined in Chapter 2,
section 3.

For the minor appliances, the data requirements will essentially be the same as in the first iteration, though
UEC figures will be improved as better technical and behavioural data becomes available.

Thus in later iterations of the model, the number will have swelled to over 3,000 data items for a ‘stock
profile’ model for the UK as a whole, or many times more for a stock profile model for the UK split
geographically into the 15 Regional Electricity Company areas.

This estimate does not include the background data needed to arrive at these figures, any division of
households by a second attribute, or the data needed to make future predictions of electricity consumption.  A
discussion of how forecasts will be made is in Chapter 7.

3.4  DATA SOURCES

The data available in the UK for energy modelling are of varying quality and availability. Much of the data
that is needed for the DECADE model are either unavailable (ie never been collected) or are limited to a
single (national) average figure.

Details of the sources of data on the unit energy consumption (UEC) of appliances, including the technical
and behavioural factors,  can be found in Chapter 4.

Details of the sources of demographic data can be found in Chapter 5.

3.4.1 Data on ownership, sales and life span of appliances

Data on the percentage of households owning certain appliances have come from many sources. Data from
GfK covers thirteen major appliances for the years 1980, 1982, 1984, 1985, 1987, 1989, 1991 and 1993. These
are the most reliable data available for these appliances as they have been collected from an annual sample
of over 10,000 households. Ownership levels for other years and for other appliances has come from sources
including the Building Research Establishment, Market Research Great Britain Reports (MRGB) (data based
on surveys of 800-2000 households), and the General Household Survey (8000 households).

Figure 3.1 shows some examples of the growth in the ownership levels of cold and laundry appliances over
the last twenty-five years.



(A) Percentage of households owning cold appliances, GB 1970-1992

0

20

40

60

80

100

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992

Year

P
er

ce
nt

ag
e

Refrigerators

Fridge-freezers

Freezers

(B) Percentage of households owning laundry appliances, GB 1970-1992
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Figure 3.1  Percentage of households owning (A) cold and (B) laundry appliances

Source: Ownership data used in the DECADE model, based on GfK Home Audit data since 1980, and
various sources prior to 1980

Similarly, data on sales of appliances have come from GfK and other market research reports including
LekTrak. GfK Home Audit data have proved extremely useful. Home Audit provides data on first- and
second-hand acquisitions of major appliances by a rolling annual sample of 25,000 households between 1980
and 1993. LekTrak provides data on sales of new electrical appliances from all national retailers between
1987 and 1993.

Data on the life span of the major appliances have proved much harder to come by, both in the UK and in
Europe. At best, these figures are an estimate given for one year only, with no indication of how the life span
varies through time. Information on the life span of appliances is important in the DECADE model since it
gives an indication of the turnover rate of appliances (usually somewhere between 10 and 20 years), and this
is needed to predict the ‘flow-through’ of, for example, more efficient appliances into the stock. It is hoped



that better estimates of life span will be deduced from the known parameters of sales and ownership of
appliances over time. Manufacturers may also prove to be a source of this data.

3.4.2 Interpolation and smoothing

The data set required for the first iteration of the model was completed in January 1995. However, since
some of the data, especially for the UEC, is sparse, simple interpolations have been performed to fill in the
missing gaps.  Many people (including BRE for their BREDEM analysis) have used Gompertz curves to
interpolate and smooth the data.  Smoothing the data will remove some sampling error from one year to the
next, since it is reasonable to expect that the previous year’s ownership will be similar to this year’s, and that
this year’s data will be similar to next year’s data.

Closer examination of the ownership data reveals that modelling the data as a Gompertz curve is not an
optimum solution for smoothing. The rate of change of ownership depends upon many factors which may
vary in time, eg the demand for consumer durables decreases in times of recession; or an appliance may
change due to switching of technologies. For instance,  the ownership of refrigerators in GB has not followed
the classical Gompertz curve; the growth in ownership of refrigerators was halted by a switch to fridge-
freezers. Figure 3.2 shows the raw and the estimated smooth data of the national percentage ownership of
refrigerators.
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Figure 3.2  Smoothing and interpolation of refrigerator ownership data

The algorithm employed for the DECADE model is a low pass filter called the IRWSMOOTH algorithm (see
Young et al. 1991), which in essence, is a two-sided exponential smoothing window.  The degree of
smoothing is given by a user-defined parameter that specifies the band-width of the filter.  It may be thought
of as a more powerful central moving average filter with superior characteristics, the ability to handle end-
effects and to interpolate missing data points.

Using this technique, sampling noise has been smoothed out and interpolated values given for the missing
periods. With the acquisition of more data, the interpolated data will be replaced by actual ownership.

3.5  INTEGRITY OF THE DATA SET

Data have been taken from a wide range of sources, which all use different styles of surveys, sampling
techniques etc. For instance, surveys have different biases in sampling (MRGB usually only surveys
housewives); ownership data is affected by sources using different definitions of a ‘household’; the definitions
of appliances may not be consistent between sources: a ‘music centre’ is sometimes the same as a ‘Hifi’ and
sometimes not. Considerable care has been taken to ensure that the sources of data are consistent with one
another. However, while there are plenty of data available on ownership levels of larger appliances, the most



pervading difficulty is that there are not much information to be found on the patterns of use of appliances, on
their life spans, or on smaller appliances as a whole. This means that there is less of a choice of which data to
use.

Due to the volume of data and the wide variety of sources maintaining the integrity of the data is extremely
important. Three methods that are currently used:

(i) Data sets are plotted graphically. The smoothing program described above is applied to the data to fill in
the missing data points. Presenting new data sets in this way allows easy checking of three aspects of the
data:

• Missing data items can be readily identified;

• Data items which do not fit the general trend become obvious and can therefore be investigated; and

• Data items which have been input in an incorrect format can be identified.

(ii)  The second is that a cross-referencing system has been set up. In any modelling study it is imperative to
be able to cite sources for all data used.  The sheer volume of data, from a multiplicity of sources, required
for the DECADE model necessitated the development of a well-defined storage and annotation system.

All incoming data must be accompanied by the following minimum documentation:

• name of source document/database/etc

• date of above

• author(s) of above

• if document is part of a book/report etc, the editor(s) and title of the book/report

• publisher and city/country published

• key phrases describing: what the data are; length of record (if applicable); spatial area (if applicable)

• relevant comments, eg accuracy, gaps, other problems.

• an index to all data files in which data from this source has been used, whether the data is used directly, in
a calculation or to inform an assumption.

In addition, each data file is accompanied by a text file detailing the source document for each data item. A
text file contains the following information:

• definition of the data that the data file contains

• dates in which hard data is available

• source documents for each item of hard data

• explanation and relevant source documents for all calculated, assumed or deduced data

• record of the smoothing parameter used in program to smooth the data

• relevant comments, eg accuracy, gaps, other problems.

This system allows easy reference to the source of all data items, and to all the data items from one source.
If a data item appears to be anomalous, it’s annotation is readily available, and if a particular source document
is replaced by an updated or alternative source, the system allows all the data items in the model which have
been taken directly or calculated using the source to be easily identified. They can then be updated.



(iii)  Thirdly, when a data set is being smoothed, it is possible to vary the smoothing parameter for each data
item. That is to say, the smoothed curve can be made to fit some values more closely than others. This means
that more reliable data will exert a greater influence over the smoothing process than the less reliable data.

3.6  FURTHER WORK

Work has begun on collecting data that will be needed for later iterations of the DECADE model. As outlined
in section 3.3, large amounts of historical data are needed for the ‘stock profile’ model, and a lot of data is
needed in order to make forecasts of electricity use. At this stage, work is focused on research into the use
of appliances and into social trends which have influenced this use. One major source of this type of data is a
small detailed survey conducted by the Lothian and Edinburgh Environment Program (LEEP). This is
discussed below in section 3.7. However, the LEEP data only provides a ‘snapshot’ picture. In order to
collect data over a longer time scale, a literature survey is also underway to look for other ‘snapshot’ surveys;
data is to be acquired from the Consumers’ Association; and other Institutions have been contacted. For
example, Home Economics departments are being asked for any papers on changes in cooking and laundry
patterns over the last three decades, literature searches of BBC publications are being done to get
information on changes in television viewing.

In addition to these sources, literature searches have been made to collect European data on appliance use.
There is a great deal of variation in patterns of use, ownership levels energy efficiency of appliances across
Europe. However, in cases where there is little or no UK data available, or no information regarding historic
trends, the comparison of data on domestic energy consumption and patterns of use of appliances from other
European countries may provide some insight.

Table 3.1 shows some of the European data currently available on the pattern of use of washing machines. It
is difficult to know whether the variation is due to cultural factors or sampling biases.

Table 3.1  Comparison of European data on the patterns of use of washing machines

WASHING MACHINES: Netherlands France UK

Patterns of use: SWOKA Inestene Various
sources

1991 1990 1993

Number washes/week 4.6 4.25

Average wash temperature 50ºC

% washes at 90ºC+ 7% 14% 7%

% washes at 60ºC-90ºC 34% 27% 25%

% washes at 40ºC-60ºC 43% 59% 65%

% washes at< 40ºC 17% 1%

Average duration of cycle 1 hr 20 min 1 hr 20 min

% washes with pre-wash 14%

1/2 load button used 11%

E button used 20%

Load 67% full

Average consumption/week 5.5 kWh 4.3 kWh 3.7 kWh

Average consumption/year 287 kWh 224 kWh  190 kWh

Sources: van Dijk andSiderius 1992, Inestene 1994



3.7  COLLABORATION WITH LEEP

DECADE are participating in the LEEP Billsavers project funded by the EU LIFE program and Scottish
Power. This project involves the detailed monitoring of the electricity usage of 100 low-income households in
Edinburgh.  The richness of the data from a small but detailed survey of energy use in the home has lead to a
significant improvement in the quality of the data available to the DECADE project. A particular advantage is
detailed information on household characteristics and behaviour relevant to appliance usage to complement a
full set of consumption data.

A survey of 300 low-income households was conducted, to determine their characteristics and patterns of
appliance ownership. From these, a representative sample of 100 was chosen for the detailed monitoring.
Meters were installed to record the actual consumption of the lighting circuit and a range of large appliances
over two years. Participants were asked to fill in simple weekly energy diaries giving data on how and how
often appliances are being used.

The project has been running for over eighteen months, with monitoring commencing in August 1993. At the
start of the second year of monitoring, in the autumn of 1994, some appliance replacement occurred. Many
households were fitted with low-energy Compact Fluorescent Lights (CFLs). Some households with
particularly old and inefficient appliances were given replacement refrigerators, fridge-freezers, freezers or
washing machines. Some of these machines were purchased from the Consumers’ Association and their
consumption had been measured under test conditions. At the same time, energy advice was given to all
households. Changes in behaviour and energy consumption has been monitored using the meters and the
energy diaries.

In return for the partial funding of a member of staff on the Billsavers project, DECADE receives access to
the data collected by Billsavers. To date, the metering and energy diary data from the 97 households for the
first twelve months of the project have been received (Three households no longer participate in the survey).
Records from the detailed survey of the 300 households provides useful background information.  In addition,
DECADE is able to request other information. This has included a questionnaire given to 25 householders to
provide supplementary information, an energy diary to logging the use of lamps run from the ring main in 24
households, and the metering of appliances not previously monitored, including kettles, microwaves,
televisions, videos and some lamps where CFLs have been installed.

The data collected by the Billsavers project is proving to be an invaluable resource of data for the DECADE
model. Two particular examples that demonstrate the way in which Billsavers data can be used to
supplement data are the unit energy consumption of appliances, and patterns of appliance use:

(i) Currently available sources of national figures on the unit energy consumption of major appliances and
lighting are limited (as detailed in Chapter 4). Meter readings giving the annual consumption of appliances
from the Billsavers project can be used to supplement these figures. In addition, meter readings can be made
for any other appliances (eg audio equipment) for which there has been no data available.

(ii) Later iterations of the DECADE model will need data on average patterns of appliance use. For example,
the number and temperature of washes a household does in one year, or the number of hours that a television
is switched on. This information is available from the energy diaries. Factors influencing the range of
consumption will then be examined. These include different patterns of behaviour and social characteristics.
The effect of household floor area (in square metres) on electricity used for lighting will also be investigated.

There are several issues involved in the translation of the Billsavers data into information about the entire
UK. The sample is from a group of low-income households, so their energy usage patterns will not be directly
comparable to other economic sectors of the population. Their location in the South of Scotland is significantly
different in terms of climate and daylight hours from many parts of the UK. The structure of the electricity



supply industry in Scotland is different to the rest of the UK which may have affected the tariffs charged or
the information already received by the householders. Even so, the data collected from the Billsavers project
are helping to build up a better picture of domestic energy use than has been possible previously.

The LEEP group have successfully bid for LIFE funding from the EU to repeat the Billsavers project using
households in middle and high income groups. DECADE will continue to work closely with them in the future.

Further information regarding the first year of the Billsavers project will be available in a report soon to be
published by LEEP (LEEP 1995).

3.8  CONCLUSION

 The data set for the first iteration of the model is complete. The model covers all domestic electrical
appliances, and these appliances have been grouped to maximize the accuracy of the model whilst
maintaining a structure best suited to the purpose of forecasting the impact of policy instruments. Because of
the large volume of information involved, data have been stored and annotated in an exact way so that the
source of any given data item can be identified. Data needed for later iterations of the model are currently
being collected. Much of the data that the DECADE model requires, especially that relating to behavioural
issues, is not readily available in the UK. The collection of this information is requiring innovative uses of
sources of data. Collaboration with the LEEP group will contribute some of this data, particularly on appliance
use and on the influence of behavioural factors.
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CHAPTER 4: TRENDS IN UNIT ENERGY CONSUMPTION Mark Hinnells

4.1  DISAGGREGATING APPLIANCE CONSUMPTION

The total consumption from appliances are a product of ownership (dealt with in chapter 3), and the energy consumption
of the average appliance in the stock (ie the unit energy consumption or UEC). Changes in UEC over time are affected by
several factors including:
- trends in efficiency, size, and features of appliances reflecting a change in consumption under test conditions,
- demographic factors (see chapter 5), such as reduced family size, or greater numbers of working women,
- changes in usage patterns of appliances which may in part be a reflection of changes in the above two elements, and
include such things as an increased number of laundry washes per annum, a much greater volume of frozen space, and
greater consumption of convenience foods, etc.

The following provides a summary of the main trends in each appliance group. The importance of UEC is that it is per
owning household and independent of the growth in household numbers.

Analysis to date by the Electricity Association (EA) and the Building Research Establishment (BRE) has not gone into
such detail largely because data are difficult and expensive to obtain. In addition, policy attention has to date been
focussed on building shells and heating efficiency and not on appliances. However, concern is beginning to focus on
appliance energy consumption, and thus DECADE work has been focussed on the highest energy consumers, the
fastest growing energy consumers, and areas which are particularly poorly understood. There has been a particular
emphasis on the cold appliances (refrigerators, freezers and fridge-freezers), the wet appliances (washing machines,
dishwashers and dryers) and standby consumption in televisions and videos. Where data are not available trends have
been interpolated.

4.2  MEASURED CONSUMPTION DATA

The Electricity Association (Allera 1994) have measured UEC, as part of their load research programme. However,
monitoring is limited in terms of history, representativeness of the population, and the range of appliances included.
Until the mid-1980s data was based on a small number of households, and only recently have the EA begun to monitor a
larger number of 100 households in a more systematic way. The sample includes only those houses with more than 2000
kWh pa consumption in order to maximise the number of appliances present and monitored. Appliances under study
include all the cold and wet appliances, cookers, electric showers and storage heaters. However, ownership data
suggests that the wet appliances (washing machines, dishwashers and dryers) are more likely to be present in the larger
than average families, and higher than average income groups. EA do not collect diary data on use patterns, partly
because of the high drop-out rate within a sample over time. Thus it is difficult to disaggregate usage trends such as
wash temperatures from these data.

LEEP data (see Chapter 3) are biased in the opposite direction from EA data, in that they come from low-income
households (only 3 of the households are economically active); ownership of dishwashers in the sample is zero, and the
appliances may be older or less well maintained than average. It can be seen from table 4.1 that there is considerable
variation in consumption across the LEEP sample. There is a factor of between four and ten in consumption between the
bottom 10% and the top 10% of samples. In all cases there is a considerable (15-20%) difference between EA and LEEP
averages.

Table 4.1 Measured consumption of major white appliances

Refrigerator Freezer Refrigerator
-freezer

Washing
machine

Tumble
dryer

Dishwasher Cookers Microwave

EA average 350 635 620 225 270 400 640 94

LEEP average 371 586 592 188 415 639
av. bottom 10% 106 246 284 9 66 100
av. mid 80% 282 532 563 153 386 600
av. top 10% 715 887 1110 645 963 1350



sample size 41 26 54 95 18 0 50
Source: EA measured 1992-3 (except microwaves, measured in 1989-90) and LEEP measured 1994

Measured data provides only a snapshot. Unless a time-series sample is representative of the population in terms of
family size, social group, income group and occupancy levels, any looked for variation in technical efficiency or use
patterns could be lost in variations within the sample. Measured consumption data may be poor in indicating changes in
efficiency, size or features of appliances over time because only about 1/12 of the stock is replaced in any one year, and
because many other factors contribute to year to year variations. Although measured use data is useful for medium term
forecasting, it needs to be supplemented with an analysis of appliance features, size, efficiency etc, together with
changes in patterns of use, in order to estimate the savings from policy intervention to improve efficiency.

This DECADE work is also informed by collaboration with the Group for Efficient Appliances (GEA) which has studied
refrigerators, freezers and fridge-freezers (GEA 1993), will report on the wet appliances (GEA 1995 forthcoming), and a
similar EU group will begin a report in June 1995 on standby consumption in televisions and video cassette recorders.
There is a great deal of variation in patterns of use, ownership levels and energy efficiency of appliances across Europe.
However, in cases where there is little or no UK data available, or no information regarding historic trends, the
comparison of data on domestic energy consumption and patterns of use of appliances from other European countries
can provide some insight.

4.3  THE COLD APPLIANCES

A variety of data from Sweden, Denmark, Germany and the UK suggests a considerable improvement in efficiency of the
average new appliance (Moller 1994, Lebot 1994, Hass 1992, Consumer's Association unpublished). ZVEI (the German
appliance manufacturers association) indicates an improvement of the order of 33% between 1978 and 1988, a net
improvement of 3% pa, with a faster rate of change in freezers (3.5-5% pa) than for refrigerators (1-3% pa) (Hass 1992).
The Group for Efficient Appliances used a Swiss database based on manufacturers stated consumption under test
conditions (EN 153). This showed a 1.5% pa improvement over the whole period 1960-92, but within this period there was
a greater rate of change between 1985-92, when competition between manufacturers was focused on added value rather
than price (GEA 1993 p263). A similar rate of change is apparent in the stock of appliances: the rate of improvement
between measurements conducted by EA in 1982 and 1992 is equivalent to an annual rate of 1.9% pa for freezers, and
1.5% pa for refrigerator-freezers (Allera 1994) (see figure 4.1).
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Figure 4.1  Cold appliance consumption.
Average new consumption 1960-1992 is represented by the lines, and the stock average in 1982, 1992
and 1994 is represented by points (from Allera (1994), and from LEEP (measured data).

The life of a product in the stock is some 12-15 years. If the rate of change is constant, and if the test procedure is
representative of actual consumption, the stock average will be about 6-7 years, or 10-20% less efficient than the average
new. However, it is difficult to compare test consumption with actual consumption. The UK Energy Efficiency Office has
suggested that:

• for freezers, actual consumption is 85% of test consumption,
• for fridges, actual consumption is 77% of test consumption,
• for fridge-freezers, actual consumption is 79% of test consumption.
(EEO undated)

The relationship between test and actual consumption is an important area for further investigation, for example through
the LEEP sample. Consumption of the cold appliances is correlated with internal kitchen temperatures. There appears to
be an underlying increase in internal kitchen temperatures according to BRE, and this may have increased consumption
by about 10% since 1970. The effect of increased internal temperatures is lower for freezers, and may be about 4.5% in 20
years (Hinnells 1995 forthcoming). Internal kitchen temperatures are correlated with external temperatures, and cold
appliance consumption is thus correlated with season, weather and climate. In addition to this, the trend to enclosing
refrigerators in fitted kitchens may increase consumption by between 10 and 90%, by cutting off the flow of air around
the appliance, according to unpublished research by the Work Efficiency Institute in Finland.

Figure 4.1 indicates changes in actual consumption rather than efficiency. Efficiency is defined as energy consumption
per unit service, and there have been changes in the specification of appliances which would significantly affect average
energy consumption, particularly the average size and star rating or temperature of any frozen compartment. The
ownership of products offering frozen space has increased enormously over the last decade, though it appears from GfK
acquisitions data that new freezers sold between 1980-87 have reduced in size, which from the GEA analysis implies a
reduction of 9.4% in consumption for chest freezers and 6.6% reduction for uprights (about 1% pa). At the same time it
appears that the popularity of larder refrigerators (ie without ice box and thus with lower consumption) is increasing.



A much firmer estimate of the improvement in efficiency, and the net effect of changes in efficiency and service, would
be gained from a time-series of measured consumption data, combined with sales weighted data, giving clues as to
trends in size, star rating, and average efficiency over time. Our aim is to develop such a stock model based primarily on
GfK market research data and Consumers Association consumption data.

4.4  CLOTHES CARE

4.4.1   Washing machines

DECADE is now modelling the baseline projections and policy scenarios for the GEA study on the wet appliances. The
policy scenarios are described in chapter 7. The historical changes in consumption are described below.
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Figure 4.2  Trends in washing machine consumption (based on test results under IEC 456)
(Hinnells et al 1995 forthcoming, see text for explanation)
Figure 4.2 Shows the average kWh per wash of a new appliance over time at 90ºC, 60ºC cotton, and 40ºC (the top middle
and bottom lines respectively) based on a variety of sources (Moller 1994, Lebot 1994, Hass 1992, Consumer's
Association unpublished). The lines are least squares lines, based on data from DEFU on the Danish market (shown in
dots). Also plotted on the graph are German data from ZVEI (shown as crosses) and French data from AFME (shown as
triangles). Technical improvement is due to several factors particularly to a reduction in water consumption, less use of a
pre-wash, and a reduction in the actual temperature achieved by a machine (thus a 90ºC wash may actually take place at
85ºC). The underlying technical improvement is equivalent to a rate of change of 1.7% pa, which has slowed to about
1.2% pa and may be almost saturated. The dashed line represents the basecase forecast for the GEA study, assuming
that without policy intervention today's best 5% of machines in terms of energy efficiency will be average machines by
2015.

In addition to technical improvement, the use of an appliance has changed over time. There has been an increase in the
number of washes at the rate of about 1.5% pa, together with a reduction in the wash temperature. Both effects are close
to saturation (Hinnells et al 1995 forthcoming).
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Figure 4.3  Number of washes per annum in France
Source Lebot (1994). Although no time series UK data is available, analysis suggests
that these trends are consistent with known use patterns in the UK.

The UK differs from the EU in several respects, first that number of washes per annum is higher than the EU average (274
washes, given that an appliance is more likely to be present in larger houses than smaller houses) and secondly,
according to GfK over 90% of machines are hot fill (this figure is less than 5% in the EU). Engineering estimates correlate
very closely with recent measured figures. LEEP average consumption was measured at 188 kWh. Historical figures are
less certain, but the net effect of these trends is probably very small: average energy consumption in washing machines
is believed to have stayed around 180 kWh for many years.

4.4.2  Tumble dryers

A similar methodology has been used to estimate tumble dryer consumption. According to our analysis of UK
Consumers Association data, the average of machines tested between 1987 and 1989 was 0.85 kWh/kg, while the
average tested between 1990-93 was 0.77 kWh/kg. The improvement is thus approximately 0.08 kWh/kg in 4 years, or
about 2% pa In addition, there is a decline in moisture content of clothes from higher spin speeds on washing machines
(Hinnells et al 1995 forthcoming).

There appears to be an increase in the number of uses of about 3.5% pa. However, the most startling fact is the variation
by a factor of 15 in terms of energy consumption within the LEEP data (where only 18 out of 97 households have a
tumble dryer), depending among other things on household size, and on how long people leave the dryer on for. Dryer
consumption may thus be very variable depending on user habits, weather, and energy prices. The current estimate and
also the trend are therefore very tentative.
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Figure 4.4  Evolution of clothes care UEC

4.5  STANDBY POWER CONSUMPTION

Standby consumption is generic rather than being a specific end-use. Standby is the power demand when an electrical
device is not in use but is ready for quick or remote activation, or offers limited functionality such as a clock, timer, or
charger. In such a state the device uses a low voltage DC current, which is converted from AC by a transformer. In many
such appliances, the 'off' switch is on the DC circuit rather than the AC circuit, and so, even when the appliance is 'off' at
the main switch there are power losses in the transformer. These losses become significant because of the wide range of
appliances with standby and their presence in a large proportion of households.

Products with standby consumption are televisions, videos, satellite receivers, clock radios, microwaves, oven clocks,
answering machines, portable phones, cordless phones, faxes, and devices such as battery rechargers, and halogen
lamps. Previous estimates have missed out the growth in standby consumption since the early 1980s, as devices have
become less electro-mechanical and more electronic and digital in nature and with increasing use of remote control
facilities.

The figures in table 4.2 imply an annual standby power consumption for videos of 90-105 kWh pa and 20-40 kWh for a
TV. For most  appliances, standby losses and transformer losses average about 7 W for 24 hours a day, 365 days a year,
and amount to about 60 kWh per appliance. Clock radios may have a lower standby loss (3-5 W) resulting in an annual
consumption of 35-44 kWh pa. The best estimate of total standby losses in UK homes is of the order of 3.6 TWh pa, or
the output of more than half an average power station.

Table 4.2  Standby losses in televisions and video cassette recorders

ON Standby
some service still available such as remote
control facility, clock, etc.

OFF 
no services available without manual
activation, but still with significant
transformer losses.



Video 25 W average

TV 72 W average

Satellite 23 W average

Videos 17 W average, 43% of Swedish
users leave videos permanently in standby

TVs 7.43 W average, 20% of Swedish users
always leave TVs on standby.

Satellite 8 W

Videos 10 W, 57% of Swedish users leave
it in this state.

TVs 0 W

Satellite 8 W
Source: based on Molinder (1995)

4.6  KITCHEN APPLIANCES

4.6.1  Cooking appliances

To date DECADE has undertaken limited disaggregated analysis of technical and behavioural trends in cooking. For hob
and oven use, EA measured cooking consumption in 1982/3 as 885 kWh pa, and in 1989/90 as 675 kWh pa, and in 1992/3
as 640 kWh (Allera 1994). The current figure is remarkably close to the average of the LEEP sample, of 639 kWh pa.
However the LEEP sample hides a range from 20 kWh to 1700 kWh. Two-thirds of cooker consumption is estimated to
come from the oven and grill, and one-third from the hobs. It may be that much of the reduction has been from reduced
oven consumption rather than reduced hob consumption. A reduction in oven consumption may be due to several
factors. There has been a technical improvement in new ovens. ZVEI estimate a 19% improvement in 10 years, or 1.9% pa
(simple) between 1978-1988. However, most of the reduction is believed to come from reduced oven use, due to
increased consumption of fast food and increased use of microwaves. Cooking consumption is one of the areas of
greatest uncertainty because of the importance of changes in behaviour in cooking consumption. It will thus be a
primary focus for the rest of the programme.

Microwave consumption measured by EA appears to have increased from 50 kWh in 1982/3 to 94 kWh in 1989/90 (Allera
1994), although part of this must be attributed to increased standby consumption. Ownership of other minor cooking
appliances has increased, including toasters, sandwich makers, electric frying pans, deep fat fryers, slow cookers, hot
drinks makers, cooker hoods, and mixers blenders, mincers and choppers. Our analysis suggests that in terms of total
GWh consumed nationally, almost all of the total reduction in cooker consumption has been offset by an increase in
consumption from other cooking appliances, both from increased ownership and use.

4.6.2  Dishwashers

Dishwashers have been included as a kitchen appliance, since changes in dishwasher use may be linked to other
changes in cooking habits. Technical data from DEFU, ADEME, ZVEI, and UK Consumer's Association is consistent in
indicating a reduction in the energy per wash has declined from 2.7 kWh to about 1.6 kWh (IEC 436), equivalent to a 40%
reduction between 1975 and 1995, or about 2% per annum (simple). This is mainly from a reduction in water consumption.
Unfortunately, while much is known about technical improvements, little is known about usage patterns. There is reason
to believe that the number of uses per annum has declined slightly to about 254 washes per annum, but data is
particularly lacking on the split of wash temperatures, or the change in wash temperatures and wash numbers over time.
Engineering estimates suggest that consumption has declined from 702 kWh pa to around 398 kWh pa. This is
consistent with EA measured data which suggest a current average of 400 kWh (Allera 1994).
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Figure 4.5  Trends in UEC of major cooking appliances (>50 kWh pa)
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Figure 4.6  Trends in UEC of minor kitchen appliances (<50 kWh pa)

4.7  LIGHTING

There has been no measurement of lighting consumption by EA or other organisation for many years. The only survey
available to date is that by LEEP, where the average was 398 kWh pa However, this represents only the main lighting
circuit, and does not include side lights plugged into the ring mains. It thus represents a bare minimum; the estimated
current average consumption could be another 10% higher. In any case, both of these estimates are somewhat higher
than the 365 kWh pa previously estimated by EA. It may be that since the LEEP households are economically inactive,
they thus have higher than average occupancy, and may have higher than average consumption. However, lower
income groups tend to under-light, using a 60W bulb where other households would use a 100W bulb (Rowbury 1994).
Verifying this figure should therefore have a fairly high priority, especially given the potential for improvement from
replacing incandescent lamps with CFLs.



4.8  CONCLUSIONS

This chapter outlines the major trends that are apparent in each of the main groups of appliances, drawing evidence from
load monitoring and from estimates. The estimates are based on surveys of usage patterns and technical efficiency,
particularly based on work by the Group for Efficient Appliances. However, there are missing data that have been
interpolated. The estimates are provisional and will continue to be revised throughout the project.

The analysis here demonstrates that previous estimates by March Consulting, EA and BRE of appliance consumption
may have to be revised, particularly cold appliance, dishwasher, standby and lighting consumption. There is reason to
be cautious over estimates of tumble dryer consumption: both engineering estimates and measured consumption data
indicate it is higher than previously thought, but there is  uncertainty over the net effects of several trends. An
unexpected conclusion is that small cooking appliances have cancelled out much of the claimed reduction in
consumption from ovens and hobs.

Although there is strong evidence from several sources of a large and consistent improvement in the efficiency of
appliances, and although it might be expected that with a decline in household size UEC should decline, other trends
including product specification, size and patterns of use are important in net energy consumption. Improvements in
efficiency of washing machines and dryers, reductions in wash temperature and increases in spin speed have been
cancelled out by increases in the number of uses. Improvements in efficiency of cold appliances have been more than
cancelled out by a large increase in frozen space and increasing ambient kitchen temperatures. Thus improvements in
efficiency are often taken back as increases in service rather than as reduced consumption. This work will form the basis
for baseline forecasts from which to estimate the effects of policy intervention.

Over the next few months, the cold and wet appliances will remain a focus, developing a more detailed model of the
change in efficiency, size and features over time, with a stock model based on sales weighted data. DECADE is providing
the modelling capability for the studies of wet appliances and standby. Standby consumption in televisions and video
cassette recorders will be the focus of an EU-wide study. Cooking is a priority since consumption is so dependent on
changes in behaviour. Minor appliances will be the target for limited load monitoring in the LEEP sample. Lighting
consumption (both the lighting circuit and mains lights) will be the subject of a load monitoring exercise by EA, and the
results of the LEEP study and the EA study will be analysed and compared in detail.

We aim to put confidence limits on our estimates, and to analyse the data for the effects of certain social trends such as
household size. Analysis of the LEEP data shows variations between households of an order of magnitude or more,
between similar end uses. While household size and occupancy are key determinants of appliance consumption and may
account for much of this variation, usage -especially of those appliances with no fixed cycle such as cookers, lighting
and tumble dryers- is likely to be dependent on other less tangible variables, and may indeed be influenced by
household income levels, or energy prices: in other words, appliance consumption may be price or income elastic, and
not given by ownership or technical factors.
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CHAPTER 5: THE INFLUENCE OF DEMOGRAPHIC
TRENDS

Geoff Milne

5.1  INTRODUCTION

Over the time horizon of the DECADE project there will be significant demographic changes in the UK
which will affect both household numbers and composition.  These will have consequences for energy
forecasts which are based on household appliance ownership and usage patterns.  Analysis of the 1991
census and recent re-assessments of the trends in population growth and  the number of people per household
have necessitated the revision of population and household numbers, both historically and for projections. It is
now possible to incorporate these into the DECADE model.

5.2  UK POPULATION GROWTH
As a result of the 1991 census, population projections for the UK were revised significantly.  The population
was expected to reach a peak of 62.2 million in 2025, 1.3 million more than the 1989 projected maximum and
about 4.5 million more than the actual mid 1991 population (OPCS 1990, 1993).  This has recently been
updated to 62.5 million (Shaw 1994).  A complication is that some researchers have estimated that the 1991
census may have missed counting a further one million people – this is in addition to the acknowledged census
under-enumeration which has now been incorporated into the official projections (Simpson 1995).

Population projections are based on assumptions about fertility, mortality and migration rates, and there is
considerable room for error in projections due to changes in any of these factors.  For example, Figure 5.1
shows the error in mid 1991 population estimates from projections over the period 1971 to 1989 (Shaw 1994).
Generally, the further back in time the greater the error, with the population having been underestimated
consistently since 1975.  The 1973 estimate was the closest, better than even the most recent 1989 projection,
but this is considered by demographers to have been wholly due to chance, with a significant error in the
forecast birth rate being almost exactly balanced by errors in the death and migration rates.
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Figure 5.2 shows the difference between the 1990 projection based on 1989 population estimates and the
1993 projection based on the 1991 census.  The difference is due to the removal of baseline errors which had
been accumulating since the 1981 census, and because of changes made to the underlying component
assumptions − fertility and mortality rates have been reduced and the migration rate has been increased.  As
a result of these changes, the population profile will ‘age’ more rapidly than previously thought, although this
should not be a significant factor over the timescale of the DECADE project unless life expectancy increases
significantly more than than the present prediction.  This may happen, as a number of other countries already
have higher life expectancies than the UK and these are still rising and not showing any signs of slowing
down (OPCS 1993).

As there will not be another census until 2001, substantial changes to the current projections are likely.  The
Government Actuary’s Department has produced a range of possible outcomes based on various
assumptions.  For example, the greatest variation is for high and low fertility rates and ranges from 60 to 64
million in 2021 as shown Figure 5.2 (Shaw 1994).
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5.3  HOUSEHOLD SIZE AND NUMBERS

Household size, the average number of people per household, has been falling steadily in Great Britain for
many years, and this trend is expected to continue for the forseeable future, as shown in Figure 5.3, at a
faster rate than previously thought.  This, in conjunction with the projected  population increase, will mean a
large rise in the total number of households.

BRE are at this time using household numbers which do not take account of the 1991 census corrections.
This has resulted in a disrepancy of about 3.5% between their 1991 figure in the Domestic energy fact file
update  (Shorrock and Bown 1993) and the current official estimate for that year.  As a result of corrections
due to and since the 1991 census, there are now expected to be more than 1 million extra households in 2021
compared to the 1989 estimates.  For DECADE it was decided to update household numbers from 1970
onwards to minimise this source of error.  These are summarised in Table 5.1.

The major influence on falling household size is the increasing number of single person households:  the
number has grown from 18% of the total in 1971, to 27% in 1991 and is expected to rise to about 36% by
2016 (CSO 1995, DoE 1995).
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Table 5.1  Population, household size and household numbers, GB

year population (000s) average persons
per household

number of households
(000s)

1971 54 388 2.9 17 990
1981 54 815 2.7 20 177
1991 56 200 2.5 22 461
2001 58 130 2.34 24 350
2011 59 550 2.22 26 290
2021 60 200 2.14 27 600

(Sources: OPCS 1993, Shorrock 1993, CSO 1995, DoE 1994 & 1995, author’s estimates)

Figure 5.4 shows the projected growth in household numbers over the period 1991 to 2021.  It can be seen
that all the growth will be due to the increase in single person households.  Based on current evidence, there
is little reason to expect this trend to alter, unless as a result of specific policy measures.  A number of other
northern European countries already had a higher proportion of single person households in 1988 – Germany
(34%) and Denmark (33%) in particular (Eurostat 1993).
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At a given time, for the same level of energy services, smaller household size will result in less energy
consumption per household but higher consumption per capita as shown in Figure 5.5.  This has important
implications for energy usage.  For example, 100 people with an average household size of 2.5 would
consume 3720 GJ per annum, whereas the same number of people with a household size of 2.2 would use
4150 GJ; an increase of about 12% in energy consumption for a 12% drop in household size
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Figure 5.5  Energy consumption and household size in the Netherlands
(Source: Schipper and Meyers, 1992)

5.4  HOUSEHOLD COMPOSITION

There are two major influences on household composition apart from the increase in single person
households.  The first is the ageing of the population due to increasing life expectancy.  The only overall long
term (up to 2021)  population increase will occur for those over 45, and particularly for people over retirement
age, who will increase from 18% of the population in 1991 to 23% in 2021, assuming a retirement age of 60
for women.  The over 75 age group will increase from 7% of the population in 1991 to around 10% in 2021
(OPCS 1993).

In England, the number of older households, that is households consisting of one retired person or two people
of whom at least one is retired, rose from 4.48 million (24% of the total) in 1986 to 5.9 million (31%) in 1991
(DoE 1993 ).  Over the same time scale, the number of households headed by a person over 75 (the very
elderly) increased from 1.66 million (9%) to 2.45 million (14%). Currently, around half of all single person
households are retired people.

The initial increase in single person households will be amongst those under pensionable age, particularly men,
but this will turn to those over pensionable age as the age profile of the population increases.

The second major influence is the decline of ‘traditional’ family households, that is a couple with dependent
children, and the rise in lone parent households.  Traditional family households now comprise less than 25% of
all households (CSO 1995), and this proportion is expected to continue to decline slowly (DoE 1995).
However, this is not expected to be a significant factor over the time-scale of the DECADE project.



5.5  IMPLICATIONS

The factors outlined here will have important consequences for future levels of household energy
consumption:

• Uncertainty in population projections may give rise to an error in the predicted number of households.
Over the past 20 years, the total population has been consistently under-estimated, and the difference
between the 1989 and 1991 projections alone would result in an extra 230,000 households in 2001 and
580,000 in 2021.  A population figure of 64 million, the top limit of the projected high fertility range, would
result in 930,000, or 3.5%, more households compared to the current most likely population estimate of 62
million, which would result in increased domestic energy consumption.

 
• The increase in household numbers will be predominantly due to single person households, particularly

males under pension age in the shorter term and single person older people in the longer term, with a
continuing decline in the number of traditional families.  Single person households have historically had
lower levels of appliance ownership than the average.  This is due to the fact that they usually have lower
disposable income and because older people have not owned the same range of appliances when younger.
As the income of older people improves, the age cohort changes and the range of appliances suitable for
smaller one person households widens, the level of ownership can be expected to rise.  This trend can be
seen in Table 5.2.

Table 5.2  Appliance ownership pattern of single person households, UK 1975-93
Washing machine Refrigerator or fridge-freezer Video

Year SPR SPO ALL SPR SPO ALL SPR SPO ALL
1975 36 41 72 60 73 85 0.6 15 30
1980 44 51 79 82 90 95 6 33 50
1985 52 58 83 93 93 98 10 49 61
1990 59 69 86 95 95 98 14 53 65
1992 62 72 88 98 97 99 20 57 70
1993 66 78 89 - - - 24 61 73

SPR - single person retired, SPO - other single person,  ALL - average of all households

Source: CSO Family expenditure survey, various years

This table shows that, essentially, appliance ownership levels of single person households is subjected to a
time-lag compared to the overall average.  As nearly 40% of households will be single person households by
2021, their appliance purchasing patterns will have a significant effect on overall ownership levels.  The
figures for refrigerators and fridge-freezers show that, given the necessary income and availability of suitable
appliances for single person households, all households ended up with similar ownership levels.  This may not
be the case for other appliances, which would effect the eventual saturation level.  The appliance usage
patterns may also be quite different, say, for cooking equipment.  These factors are being investigated.

5.6  FUTURE WORK

It is intended to concentrate on incorporating the following aspects into the DECADE model to assist in
establishing historical trends and inform scenario analysis:

• the revision of historic and projected household numbers, which has only recently become possible with
the release of official updates of the 1991 census results and revised population and household size
projections;

 



• it is expected that the LEEP survey will provide data which will enable an estimate of the affect of
household size on energy consumption to be incorporated into the results;

 
• to assess the implications of single person households on ownership and usage patterns;
• the analysis of the influence of weather on domestic energy consumption is ongoing, and the results of this

work will also be included.

5.7  CONCLUSION

The main demographic factors over the next 25 years affecting the DECADE model will be:

• population growth and falling household size leading to a large increase in household numbers;
 
• a large increase in the number of single person households;
 
• a significant rise in the number of ‘older’ households.

These factors will be used in formulating scenarios for the DECADE model.
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CHAPTER 6. INCORPORATING BEHAVIOURAL ISSUES Veronica Strang

The DECADE model differs from the majority of energy models in that it focuses on the cultural and
behavioural aspects of domestic energy use, considering the effect of these on each dataset included in the
model. A major part of the challenge in this focus on behaviour is to make sense of the relationship between
cultural attitudes and values, and the choices that people make in their use of technology and resources.

6.1  DEFINING BEHAVIOURAL FACTORS

‘Behavioural factors’ means many different things to different people, according to their professional
background. Some regard them as the readily measurable interactions with technology, for example the
number of hours spent watching television, or the choices made in setting the temperature of a load of
washing. Others take a broader view and include in this category abstract and complex issues such as
cultural values and attitudes to environmental issues.  Most often, ‘behavioural factors’ is used as a catch-all
phrase covering all the invisible and hard-to-measure aspects of energy use. This broad definition is
reasonable if we accept the premise that even the smallest decisions about the smallest actions are invariably
informed by much wider and more complex ideas and beliefs. The different ways in which people accumulate
and use technology (and thus use energy) reflect a series of choices; these are made according to particular
values and beliefs, and perceptions of the environment, all of which are formed in response to a very wide
range of factors. A ‘behavioural factor’ can therefore be framed as ‘any factor that exerts an influence on
the decision-making process that results in human action’.

6.1.1  Theoretical background

The definition proposed above is very broad, but it usefully acknowledges that the actions that comprise
domestic energy use are the ‘outcome’ of a range of contributory factors. It presents these actions
contextually rather than in unreal isolation, and assumes that each action does contain a coherence and logic
of its own.

It is generally agreed that there is some correlation between the values and attitudes that people have and
their actions. If we accept that there is a causal relationship between beliefs and values, and the behaviour
that expresses these, we must also assume that there are significant factors leading to the formation of those
beliefs and values.  This suggests a sequential process from causal factors to outcomes or actions. This
sequence could be described in three main stages:

Influential factors => beliefs and values => behaviour

The fields of both anthropology and psychology have established that beliefs and values are acquired through
a process of socialisation. People are socialised through  interaction with a range of cultural forms (for
example, cosmological schema, law, education, etc), and acquire their beliefs and values through living within
an ‘environment’ of ideas, many of which are primarily symbolic and intangible. These intangible, but
immensely powerful cultural forms mediate the more down-to-earth human interactions with the physical
environment, such as economic activities, material culture, and responses to natural environmental pressures,
(for example climate).1

                                                                
1 It will be clear from the above that the term ‘environment’ is even harder to define than ‘behaviour’. Without wishing to
stray into the various theoretical debates on this issue, it should be stressed that, in real terms, people inhabit an
‘environment’ that is both ideational and physical, and human activity is essentially an interaction between these.
However, in discussing energy use the ‘environment’ is more commonly defined as the physical, natural world, and for
the purposes of this chapter, I will assume that this definition applies.



Human attitudes towards the natural environment - and actions which result from such attitudes - emerge
from a dauntingly complex mixture of cultural forms, environmental pressures and (many would argue)
fundamental human needs. Within the range of factors that are influential, some will encourage the
development of concern for the environment and the conservative use of energy, and - by extension -
receptivity to various policy instruments. Others will work against the development of environmental concern,
encouraging untrammeled energy use and/or resistance to policy initiatives. The ability of the DECADE team
to predict levels of receptivity to various policy instruments depends to some degree on its ability to define the
causative relationship between ‘influential factors’ and ‘green behaviour’ and to balance this with an
understanding of the practical - for example economic - pressures on the equation.

Recent anthropological research comparing cultural groups which have strikingly different environmental
relationships (Strang 1994), suggests that it is possible to pinpoint some of the most influential factors in the
formation of differing levels of environmental concern. In very general terms, these include factors such as:

~ processes of socialization - sources of environmental knowledge and values
~ type/stability of tenure and continuity of residence
~ level of commitment to the local environment
~ local community involvement
~ religious or moral beliefs, concepts of environmental responsibility
~ worldviews and concepts of nature
~ personal values and aspirations
~ general knowledge and perception of environmental issues
~ knowledge and understanding of energy issues
~ understanding of technical and cost related aspects of energy use
~ household decision-making and social dynamics2

This preliminary definition of the most important influences makes it feasible to begin tracing the relationship
between these significant factors, the development of attitudes and values regarding the environment, and the
choices and actions through which these are expressed.

The DECADE team’s approach therefore has three main aims:

(i) to examine the relationship between underlying ‘causes’ and the overt ‘symptoms’ of particular 
kinds of energy use

(ii) to consider the behavioural aspects of many different kinds of data, including readily
quantitative data on levels of consumption, usage patterns and ownership of appliances

(iii) to integrate data on beliefs, values and behaviour with quantitative technical data

6.2  ACCOUNTING FOR BEHAVIOURAL FACTORS

There are two major reasons why the DECADE team has directed its efforts towards the complex issues of
values and behaviour as well as the more straightforward and tangible factors. One is that however intangible
the deeper causal factors may be, they are a huge part of the reality of energy use. To make useful
predictions about domestic energy, it is necessary to recognise and take into account the powerful
undercurrents that drive human action. Ethnographic data may be more difficult to pin down, but they
increase the overall realism of the dataset, as figure 6.1 suggests:
                                                                
2  These factors will clearly have varying degrees of influence, but it is a little early to say which will prove to be the most
influential.
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Figure 6.1: Realism and accuracy of different data types

A second, related, reason for accounting for the less tangible behavioural factors is that it will greatly enhance
our ability to evaluate policy. In the DECADE model we have found it useful to describe different policies as
particular sets of pressures that act upon various parts of the decision-making process through which energy
is used. To do this, we need to build as realistic a picture as possible of where they will exert an influence.
Policies are often presented as if they acted in only practical and tangible ways, but of course each contains a
range of influences and messages with the potential to act upon cultural forms at various levels. Good
predictions about the likely responses to policies - and good policy design for that matter - depend on a full
understanding of this interaction.

As well as potentially offering a more realistic predictive capacity in our current evaluation of policies, this
approach has obvious implications for the development of long-term policies and programmes that will be
successful in encouraging wider concern for the environment and/or the adoption of more energy efficient
practices.

6.2.1 Data collection and analysis

In creating a realistic picture of domestic energy use in the UK, it has been possible to obtain ‘hard’ data for
the DECADE model, for example we have appliance ownership data from the Electricity Association,
consumption data from the Consumers’ Association, and demographic statistics from various Government
Departments and private market research companies. However, there are some awkward gaps, for example
data on energy usage patterns and trends are scarce and only available from small scale research surveys
(for example the LEEP survey discussed in Chapter 3.).

The less tangible data on behaviour and attitudes has proven more elusive. Our data collection in this area
began with an intensive literature search and considerable networking with other researchers. This process
continues, but it is clear that, although some of the behavioural aspects of energy use have been very well
researched, the data remain highly fragmented and specialised. There is a paucity of data on the relationship
between the large and often intangible cultural or social factors and the attitudes and values that are created



by these, and the connections between these and the many precise and practical actions that comprise human
interaction with the environment.

A few ethnographic surveys have examined attitudes and values, and tied these to specific kinds of
environmental actions (for example, Hedges 1991, Kempton 1993, Sadler and Spencer 1982, Sadler 1991).
There are also some small-scale surveys reliant on more statistical social science techniques (for example,
Bagshaw 1981, Meyel 1987) and some that combine both ethnographic and statistical analysis (Brandon
1993). These are informative, and in some instances have developed useful profiles or typologies
systematically describing people’s attitudes. However, because of the highly detailed data required, the
majority of these surveys are very small in scale. They also tend to be heavily reliant on deductive hypotheses
rather than quantitative analysis, making it difficult to extrapolate their findings to larger populations through
the use of wider statistical methods. Additionally, despite the more detailed nature of the fieldwork, they
largely fail to go beyond the stated attitudes to delve into why and how people arrived at their particular
beliefs and values.

Alternatively, some very large-scale surveys, often carried out by market research companies, ask people
about their attitudes or values, and in some cases look for indicators of ‘green behaviour’ (for example,
Department of the Environment 1993, Worcester 1994, Jowell et al (British Social Attitudes) 1994). These
approaches are invariably highly reductive and quantitative. In some cases they have devised useful
definitions of ‘green activists’ or ‘green consumers’ according to specific criteria - usually based on action
indicators such as the purchase of ‘environmentally friendly’ products or recycling. However, they provide
little or no contextual background about the respondents, and thus little insight into how or why they might - or
might not - prioritise their environmental concerns. Thus, like the smaller but more detailed ethnographic
approaches, their analysis of the relationship between cultural influences and actions is confined to the links
between attitudes and actions, falling short of considering factors that might be formative of both of these.

The polarised nature of these approaches and the fragmentation of the data reflect the basic difficulty of
conducting more than superficial social studies on a large scale, and of devising suitable methods of
quantifying non-technical or qualitative data. Different kinds of data demand appropriate research methods,
with the more complex behavioural data requiring more detailed ‘in-depth’ methodologies, as figure 6.2
illustrates:
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Figure 6.2: Research methods needed for different kinds of data

6.2.2  A DECADE survey

To fill the gaps in the available data and collect a holistic dataset on a sample population, we have organised,
with the support of the Energy Efficiency Office, a small-scale local survey. This is currently being designed
and implemented by Veronica Strang and D.Phil student, Nick Banks who is collaborating with the DECADE
team.

Focused on a sample population drawn from recent fridge buyers, the survey will permit the DECADE team
not only to evaluate an actual policy - energy labelling - but also to test our developing policy evaluation
methods.

Given the time and budgetary constraints, this survey is only small in scale, covering approximately 100
households, but this will give us sufficient data for a preliminary analysis. It will also facilitate the expansion of
the survey methods to a larger sample at a later stage. Building on this research, broader survey work could
be more clearly focused on the most influential factors, thus refining the predictive capacity of the model.

The fieldwork aims to survey a cross-section of households, and to build up a detailed picture of the
inhabitants’ use of energy, encompassing each aspect of the process from influential factors to current
values, attitudes and actions. Ideally, each member of the household will be interviewed, allowing us to
account for generational and gender differences, and to consider the social dimensions of the decision-making
process integral to household energy consumption. Useful attention on generational and gender variation in
values, attitudes and expectations will also allow us to relate this data to current social trends. This will
provide us with a complete dataset from which we can more readily parse the causative relationship between
influential factors, green behaviour and receptivity to environmental policies.

The inclusion of ‘hard’ background data  will permit the profiles to be matched with similar attributes in the
population as a whole, giving the survey results a predictive capacity. Similarly, the survey data can be
compared with a ‘norm’ derived from the broad-scale attitudinal data that are available, and thus extrapolated
to the wider population. The use of a wider cultural ‘norm’ as a template ensures that the analysis can always
be updated as the ‘norm’ changes over time, enabling the process of policy evaluation to keep up with
changing trends in the use of energy.

A first move has been to organize the data in a way that permits comparative analysis and a search for
important correlations between data areas. Our base data includes:

~  background data on households and their occupants, such as,
household size, location, dwelling type, and occupants’ age, gender, education level, socio- economic

category, etc

In accord with the causal process discussed earlier, the rest of the dataset can be organised into ‘sequential’
areas. These are:

~ cultural factors defined as influential



~ stated attitudes and beliefs

~ actions - indicators of environmental concern, such as recycling, purchase of energy efficient 
technology, ‘environmentally friendly’ products. Usage patterns (providing indicators of 
conservation measures).

~ response to labels; receptivity to range of presented policy scenarios

This organisational structure facilitates the search for correlations between each area, between the influential
factors and stated attitudes, between both of these and specific actions, and of course between each of these
areas and the levels of policy receptivity.

In the survey, use will be made of a detailed questionnaire covering each data area, employing checklists and
some multiple-choice questions. There are other methods that may prove useful: for example, the use of
concept boards or other forms of visual elicitation would simplify the presentation of policy scenarios; word
associations and sentence completions have previously been fruitful in the collection of data on perceptions
and values. The survey questionnaire also contains some open-ended queries, so that some sections could be
described as ‘structured interviews’. In this way, the more reductive data collection would be supplemented
by in-depth ethnographic information, permitting better contextualisation of the data.

Although some qualitative analysis will accompany the process, within the current time-frame of the
DECADE project we will concentrate mainly on quantifying the data and incorporating them into the model.
A more in-depth qualitative analysis of the data would doubtless also prove fruitful, filling in the gaps which
are inevitable in the reduction of complex cultural data to numerical forms. As well as rounding out the
numerical analysis in this way, a qualitative perspective may well suggest alternative ways of examining and
grouping the data, thus assisting further statistical analysis.

6.3 QUANTIFYING BEHAVIOURAL FACTORS

The ‘hard’ background data that comprises most of the material for the DECADE model  is readily
quantifiable, and each category contains well established conventions of measurement. In terms of the
behavioural data, it is also relatively straightforward to compile a checklist of action indicators which give a
‘green rating’ both for individual respondents and households. However, most other data areas referring to
behaviour are based on essentially qualitative information: values and beliefs are invariably heavily subjective,
with wide variations on what people consider to be a high or low level of concern or involvement. It is in
these most abstract and complex areas that the constraints force the numerically-based analysis to be most
reductive.

One solution to quantifying the behavioural aspects of environmental concern and domestic energy use is to
assign systematic weightings to the range of response data, relying on familiar social science phraseologies
such as ‘agree strongly, disagree, disagree strongly,’ etc. This permits a percentage rating of levels of
knowledge, concern and involvement, and provides overall ratings for each area. A consistent rating system
will assist in the search for significant relationships between them.

The most problematic area for quantification is, not surprisingly, the broadest and most complex data - the
‘significant cultural factors’ (as defined previously). Being drawn from recent comparative ethnographic
analysis, the ‘significant factors’ have yet to be tested within a statistical framework. Initially - like ‘green
actions’ - these may be treated numerically as a checklist of ‘indicators’ or given a standard weighting.
However, although this provides a preliminary framework for analysis, it has limited value since it



presupposes that each factor is of equal influence, and that their weight of influence is unaffected by different
combinations.

Such data analysis can only be refined by the use of a methodology which examines the consistency between
the significant factors, the development of particular kinds of beliefs and values, and actions expressive of
environmental concern. Such an approach will doubtless lead to some modification of the ‘significant factors’
list. More importantly, it will supply a feedback loop, permitting more appropriate weightings to be iteratively
assigned to each factor.

The incorporation of behavioural data into the DECADE model depends on the definition of profiles for
households (or individuals). If we match profiles with similar attributes in the ‘hard’ background data, then the
behavioural data can be integrated into the DECADE model via a sub-model, by treating the individual or
household profiles and their rated ‘policy receptivity’ as secondary attributes. Their respective rated policy
receptivity will then be used to predict how the defined groups will react to different policies.

It is likely that different groups will react differently to the same policies. The modelling of these effects will
be through the use of a transfer function model which allows for dynamic effects due to simple policy inputs.
The transfer function model is defined by some parameters, which reflect behavioural factors and together
describe the maximum short-term gain (effect) and the steady state long-term effect of the policy (which
drives the model).  The duration of the effect is also described by these parameters, and a lag parameter (ie
the time delay) may be introduced.  This is not too different from the economists’ view of short-term and
long-term price elasticity of demand, except that relationship between policy and effect is defined through
time.

For example with a policy of an information campaign to increase the use of energy efficient light bulbs, the
input is the policy and the output is the number of these light bulbs bought by each of the groups.
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Figure 6.3 Response of two groups to a (step) change in policy

Figure 6.3 shows the effects on two groups of a step input (eg a change in policy, such as the information
campaign on the purchase of energy efficient light bulbs).  The first group is more receptive to this policy than
the second group.

Such relationships between policies and effects will be defined (ie model parameters identified and estimated)
for each of the described groups using the weightings from the identification process and in some cases from



case studies, where policies have been observed.  In other cases, expert judgment may have to be provided to
determine the magnitude of  some of the effects of  policies.

Once these differing ‘reactions to’ or ‘effects of’ policy have been established they will be used to perturb
the ‘hard’ variables within the DECADE stock model of domestic energy consumption. The principal
variables that will be perturbed are sales and ownership levels of domestic appliances and usage patterns of
these appliances.

6.4 CONCLUSION

The team’s approach is to include a preliminary (albeit still experimental) behavioural element within the
DECADE model to assist in determining the success or failure of environmental policies.

Beyond the more immediate aims of the DECADE project, this work will also provide an important definition
of the ‘significant factors’ that form the environmental beliefs, values and actions of different socio-cultural
groups, both within the UK and in other countries. A clearer definition of these influential factors will be
invaluable to future policy development, allowing policy and decision makers in any country to focus more
clearly on the causes (rather than the outcomes or ‘symptoms’) of the social values dominating their national
interaction with the environment. In practical terms, the quantification of these significant factors will allow
them to be incorporated into the broad scale statistical analyses which inform policy.
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CHAPTER 7: SCENARIO PLANNING  Joanne Wade

Modelling the possible future domestic electricity use with the DECADE model will require the definition of a
baseline scenario and the construction of a series of alternatives reflecting policy implementation. The policy
scenario definition will be influenced by the current policy framework in the UK and the EC, and by the
relative confidence with which policy options can be modelled.

Section 1 describes the UK and EC policy context within which the scenarios will be developed. Section 2
explores some of the issues surrounding the definition of the baseline scenario, and in section 3 the modelling
of policy instruments is discussed. Section 4 identifies the boundaries of the DECADE work, and describes
how the modelling results will be related to areas outside these boundaries. Section 5 draws conclusions from
the discussions in the previous sections, and identifies the priority areas for further work.

7.1 THE POLICY CONTEXT

Policies from the European Commission

Within the general EC Regulation providing for the mandatory introduction of energy labels, two implementing
Directives have been finalised. The first, for the cold appliances, came into force on the 1st January 1995.
The second, covering washing machines and tumble dryers has recently been agreed, and will come into
force on 1st January 1996, with dishwashers following shortly after this. An example of the label is shown in
Figure 7.1.

These labels are aimed at providing information to all those purchasing new appliances, and are intended to
encourage the purchase of more efficient models by giving details of  the relative energy efficiency of the
model (in comparison with others in the same category) and the annual electricity consumption under set
usage conditions. Labels are provided by the appliance manufacturers and must be displayed on the appliance
at the point of sale.

In addition to the appliance categories currently covered by labels, other types of domestic equipment, for
example lightbulbs, ovens, televisions and videos, may be labelled in the future.

In addition to the introduction of energy labels, the Commission is proceeding with the definition of minimum
efficiency standards for some categories of appliance. The Commission has produced a draft Directive for
standards for the cold appliances, based on the work of the Group for Efficient Appliances (GEA), and this
has recently been passed forward to the Parliament and the Council of Energy Ministers. GEA is currently
considering the wet appliances, and will publish suggestions for minimum efficiency standards for these
appliances in the summer of 1995. The Commission has also requested a study into the technical potential for
improved efficiency in brown goods through reduced standby power, and may eventually use the results of
this as the basis for standards.

There is some disagreement amongst Member States as to the desirability of standards and the speed with
which they should be introduced. For example, the German government would prefer the use of fiscal
measures in combination with voluntary agreements with appliance manufacturers, whereas the Danes have
recently introduced their own national appliance minimum standards framework legislation as they feel that
progress at the EU level is too slow.



 UK government policies

The UK government supports the introduction of EU-wide minimum efficiency standards as one contributor
to the meeting of domestic sector CO2 reduction targets. In addition the following policies were set out as
part of the UK CO2 reduction programme: VAT on domestic fuels; the activities of the Energy Saving Trust
(EST); and the provision of energy efficiency advice in national campaigns such as ‘Helping The Earth
Begins At Home’ (UK Government, 1994).

VAT on domestic fuels was introduced in April 1994, initially at a rate of 8%. The measure proved publicly
unpopular, and plans to increase the rate to 17.5% in April 1995 were defeated in the House of Commons.

The Energy Saving Trust was established in 1992 to promote and manage energy efficiency schemes. The
types of intervention envisaged include: the supply of low-energy lightbulbs at a reduced price for a set period
of time, via the provision of a subsidy to manufacturers (a scheme which has been implemented on two
occasions to date); refrigerator turn-in schemes where households surrendering an inefficient appliance would
receive a voucher towards the cost of the purchase of a more efficient replacement; and free provision of
low-energy lightbulbs to households in receipt of passport benefits. The bulk of the EST’s funds were to
come from the privatised energy supply utilities. However, there is currently debate over the provision of this
funding and therefore of the future resources available to the EST. However, between 1994 and 1998 the
Regional Electricity Companies (RECs) have to spend £100m on domestic energy efficiency investments and
1/4 of this has been earmarked by the EST for appliance schemes (excluding lighting).

A network of 30 Energy Advice Centres (EACs) was set up in the UK in 1993 by the Energy Saving Trust,
to provide energy information and advice to householders and small businesses. Fifty per cent of the funding
for the centres is provided by the UK Energy Efficiency Office, the remaining half being found from a range
of sources (for example, the Oxfordshire EAC receives financial support from the County, City and a number
of District Councils). The Centres’ activities include providing specific advice to telephone callers, and raising
general awareness of energy issues via promotions such as presentations at schools and health centres, press
advertising, and small business workshops. The information activities of these centres is closely linked in with
central government awareness campaigns. For example, the recent campaign ‘Wasting Energy Costs the
Earth’ included a touring exhibition linked to the Energy Advice Centres (the Dino Dome).

The influence of other EC Member States

In the discussion of individual policy instruments in section 3, several policies which have been implemented in
other EC Member States are described. It is worth noting that, in addition to the present policy proposals from
the European Commission and the UK government, the policy context within the UK will be affected by new
options suggested by these other Member States and therefore developments throughout the EU must be
taken into account. For example, as Sweden has recently joined the EC, the interest in procurement
programmes (a well-established policy within Sweden) is likely to be increased.

7.2 THE BASELINE SCENARIO

This scenario will contain our projection of a baseline rate of change of domestic appliance electricity use.
The projection will be based on an assessment of the likely future development of the following: numbers of
household in the UK; appliance ownership and use levels; and the autonomous rate of efficiency
improvement, in the absence of any policies to promote appliance energy efficiency.

Issues identified



The first point in defining future scenarios has to be the identification of appropriate time horizons. The initial
DECADE concern is with the achievement of the Rio CO2 target, with the related horizon of the year 2000.
The longer term is also of interest. There is as yet no agreement on a second target to be associated with the
Climate Change Convention, but an initial suggestion has been for a specified reduction in annual emissions by
2005. The Protocol defining this second target will be finalised early in 1995, and will be incorporated into the
analysis of our modelling results. It is likely that this second target will be followed in the future by further
reduction levels. A secondary time horizon of perhaps 2015 or 2020 will be employed in the modelling, for the
exploration of the effects of policies after the turn of the century and the assessment of the results against a
series of possible future reduction targets.

The demographic trends which are needed for future projections have been discussed earlier in this report
(see Chapter 5).

Defining future appliance ownership levels requires knowledge of current ownership levels, the maximum
level of ownership (the saturation level), and the rate at which this maximum will be approached from the
present level. We have confidence in the data we already have on present ownership levels for all our
appliance categories, but the other necessary information is more difficult to obtain.

Members of the DECADE team have recently been involved in the development of policy scenarios for the
GEA study of the wet appliances. As part of this process, saturation levels and the way in which these levels
are approached had to be defined for each appliance. Using available data from the literature the members of
the DECADE team produced a series of assumptions about these values, and presented them to the other
members of GEA, for discussion and amendment where appropriate. In this way, values were defined which
represented the best estimate of a group of experts working in the field. A similar process for all appliances
will be followed, and the DECADE team will invite comments from external experts where appropriate.

As has been discussed in Chapter 3, data on appliance usage patterns are more scarce than for ownership,
but we are currently carrying out an extensive literature review to identify all existing data. These usage
patterns must be identified separately since they will act in combination with changes in technical efficiency
to produce future trends in unit energy consumption for each appliance.

A base rate of technical change for new models of each appliance will be defined, assuming that policies
such as labelling and minimum standards are not implemented. Also the rate at which old appliances are
removed from the stock has to be determined via the definition of a stock survival curve. As for saturation
levels and rates, these values have been defined by the DECADE team for the wet appliances as part of the
GEA study, and will be defined in a similar way for all other appliances.

The paragraphs above describe a ‘bottom-up’ approach to future electricity use projections. Current
government projections (UK DTI, 1995) are based on a more aggregated approach, employing econometric
equations for the domestic sector. Price elasticities for the sector as a whole are given as -0.04 in the short-
term and -0.19 in the long term. These elasticities are not fuel or end-use specific, but other economic
analyses have referred to the different elasticities which are used in the DTI model (see for example, Barker
et al, 1995, p176). The values are not directly comparable as they refer to the DTI model at different times,
but these studies suggest two things: firstly that electricity use shows a higher own-price elasticity than other
fuels; and secondly that the assumption is that most or all of the response to price changes is accounted for in
demand for space and water heating, and possibly cooking. Whether this second assumption is merely the
result of a lack of data on elasticities for other appliances, or whether the use of these remaining appliances is
in fact price inelastic, is an issue which requires further investigation by the team, via discussions with staff in
the DTI and groups such as Cambridge Department of Applied Economics.
The DTI projections also involve a link between income and energy use, with some of the impact of higher
incomes being found in the ownership and use of  non-cooking appliances. Increasing income appears to



affect domestic energy use only up to a threshold: there is a difference between the low GDP growth and
middle GDP growth scenarios, but no difference in results between the latter of these and the high GDP
growth scenario. Note that ownership is also related to household size, and ownership patterns amongst
single-person households are discussed in Chapter 5.

The aim of the DECADE model is not to explicitly investigate the effects of economic factors on energy use,
since there already exist econometric models designed specifically for this purpose. However, note must be
taken of the extent to which the effects of economic changes may moderate or indeed overwhelm the policy
impacts reported as a result of the DECADE scenario modelling.

One of the conclusions from the DECADE modelling conference in October was the need for greater
interplay between econometric models and the alternative bottom-up engineering or behavioural approaches.
Building on the links established with the Department of Applied Economics at Cambridge will be necessary
to progress this aspect further and address issues such as the economic impacts described above. This issue
is discussed further in section 4, below.

7.3 THE POLICY IMPLEMENTATION SCENARIOS

Following the construction of the baseline scenario, the project will progress to the identification of a range of
policy scenarios to be modelled, each of these will involve a combination of one or more policy instruments.

Some initial work on policy scenario definition has been undertaken by members of the DECADE team as
part of the GEA wet appliances study, as mentioned above. For this work, the impact of the following
combinations of policy instruments on electricity use in wet appliances is being modelled:

energy labelling alone; labels plus a voluntary agreement for a 10% efficiency improvement; labels
plus efficiency standards producing a 10% improvement; labels plus rebates towards the purchase of
more efficient appliances; and labels plus technology procurement programmes.

The process of defining these scenarios has provided the team with a greater understanding of the feasibility
of modelling certain types of policy instrument based on the data available to indicate their possible effects.

In addition to the work on the GEA project, a separate literature review has been carried out to identify the
full range of possible policy instruments and any experience of their implementation to date.

The policy options covered by the GEA work are targetted at the introduction of more efficient new
appliances into the stock. They do not address the area of the behaviour of the householder in using the
appliance. This initial emphasis can be justified for two reasons: firstly that technological development rates
and the choice of appliance have major impacts on electricity use; and secondly, the impacts of these policies
are more readily measurable than the effects of the information and awareness-raising efforts which would
be needed to change usage behaviour.

The development of the DECADE model to include a behavioural module together with a greater analysis of
social trends which may influence appliance usage trends can have three impacts on the policy analysis
process: firstly, the expected impacts of technology-based policies may be either enhanced or offset to a
degree by the action of social trends; secondly, the behavioural module may provide a more detailed
assessment of policies such as labelling (for example, it may help to explain some of the effects of labelling
which have been observed to date and therefore suggest methods by which the effectiveness of the policy
can be increased); and thirdly, the behavioural module may allow the analysis of a wider range of policies
than has previously been possible.



Bearing in mind the points made in the preceding paragraphs, the following section reviews the range of
available policy instruments in terms of their suitability for inclusion into DECADE scenarios.

Available policy instruments

The policies examined during the GEA study are reviewed first, followed by additional policies which may be
modelled during this phase of the DECADE project. This section concludes with a brief review of the other
policy options which could be implemented, but which cannot at this stage be modelled with any degree of
confidence.

Energy labels

The introduction of energy labels in the EU has been described in section 1, above.

The DECADE project will model the likely effects of the labels on consumer purchase decisions, using data
from pilot projects by Scottish Hydro and in Denmark (DTI Energy, 1994), and from the first few months of
usage throughout the UK. There is also a body of literature available on the impacts of labelling in countries
such as the US, Australia and New Zealand, where labelling schemes have been in operation for some time.

It is hoped that the behavioural work currently being undertaken will add a significant amount of extra
information to the modelling process for this policy option, in particular giving the team some indication of how
the reactions to this type of policy in other countries can be translated to the UK situation.

Labelling will be modelled for the cold and wet appliances, since the labels for these are either in use now or
will be in the near future. It is possible that a similar policy may be modelled for other appliance groups such
as cooking or audio-visual appliances.

In a pilot study of energy label awareness on behalf of Eastern Electricity (FDS, 1992), less than 20% of
respondents recognised the energy label which was in use for the trial. More recently, the Department of the
Environment commissioned a telephone survey of awareness of the EC Energy Label (BMRB, 1994). This
reported that 79% of people who are involved in decisions about new cold appliance purchases were
unaware that an energy labelling scheme was about to be introduced. This survey will be repeated at during
1995, to investigate whether public awareness of the label increases as it is seen on appliances in the shops.

In addition to the basic modelling of the labelling programme, the project will also explore the scope for
improving the effectiveness of the scheme via provision of additional information to the consumer (for
example via the use of summary comparative and running cost information in electrical appliance retail
outlets). This is another area where the projects’ behavioural work is expected to contribute information. At
present the extent to which responses to this type of additional policy can be quantified is unknown.

If awareness does not increase, additional measures to promote the label may be required. Advertising
campaigns, as described above, could be employed. However, input from the retailer could be an important
factor: 80% of the BMRB respondents who influenced appliance purchase decisions stated that advice from
the retailer was either ‘very important’ or ‘quite important’ to their decisions. Training retail staff was a
substantial component of the Danish pilot scheme.

Efficiency standards / voluntary agreements

These also have been described in section 1, above. Standards are the most straightforward policy option in
modelling terms, as the minimum impact is easy to determine (ie the removal of appliances from the market
which are below the standard set). Additional impacts such as the results of an increase in research into more



energy efficient technology or the effects of manufacturer advertising related to energy efficiency are more
difficult to quantify. However the definition of the GEA scenarios has drawn on experiences of the
implementation of standards in a range of countries, and the results of the discussions within this group will be
used to inform the DECADE policy modelling.

The impact of voluntary agreements is more difficult to model, unless a compliance rate is agreed. It is likely
that the DECADE modelling will be restricted to that of mandatory standards, since this is thought to be the
more effective of the two policy options.

Rebates

Reducing the initial cost of more energy efficient appliances by the provision of rebates (for example in the
form of vouchers which can be put towards the purchase of appliances which meet specific efficiency
criteria) gives the consumer an additional financial incentive to make an energy efficient purchase. Data from
existing rebate schemes in the Netherlands and Germany could be used to inform modelling of this option for
large appliances in the UK. There is also information available on the impact of the EST scheme to reduce
the cost of low-energy lightbulbs and the rebates for gas condensing boilers. Hence it may be possible to
model the effects of policies of this type for a range of appliances.

Another policy option which may be linked to purchase rebates is that of scrapping incentives. The less
energy efficient appliances for a given level of service provided tend to be the older appliances in the stock.
The (low-income) households owning these are unlikely to have sufficient funds to replace them with the
more efficient appliances on the market. Grants and loans towards the purchase of new efficient appliances
can be targeted at these groups, and hence can be used as a mechanism for the removal of the least efficient
appliances from the stock. One aim of the LEEP Billsavers project (see Chapter 3) is to investigate the
feasibility of setting up funding mechanisms for such schemes. Note that it is important in such schemes to
ensure that the old, inefficient appliance is traded-in as part of the deal. Otherwise the net effect may be an
increase in overall energy use, as the new appliance could be used in addition to the old one it is intended to
replace.

Procurement programmes

Procurement programmes create an initial guaranteed market for a new or improved technology and
therefore guarantee that the manufacturer will recoup the costs of development. The implementation of such
a policy has several stages. A product which has the potential to be significantly more energy efficient is
identified, and then a group of bulk purchasers is assembled. They specify the technical and economic criteria
that the new product must meet for them to purchase it. This specification is then presented as a proposal to
buy a certain quantity of the product, and manufacturers who are interested bid to win the contract. In
addition to the purchaser group buying the agreed amount, the new product can often be integrated into best
practice programmes and it’s profile raised. In this way, a strong market for the new product can be opened
up, and the pace of technological innovation speeded up. Programmes of this type have been implemented for
a range of appliances by the Swedish government via their agency, NUTEK. The assessment of the
programme to date, as reported in Lewald and Bowie (1993), has been positive. The DECADE team hope to
investigate potential options with the EST.

Provision of targetted energy related information

In addition to the sorts of information provided by the energy label, more targetted information can be given to
householders via national or local schemes. There are several such schemes currently in operation in the UK
and the DECADE project hopes to incorporate the information from them into the behavioural modelling to
make a first attempt at quantifying the possible impacts of these types of policy. The main source of targetted



advice has been the £10 component in the Home Energy Efficiency Scheme (HEES). This provides advice,
in the home, to about 200,000 households a year. Other examples of the policies include: the LEEP
programme; the Local Energy Advice Centres; the central government advertising campaigns; school-based
initiatives such as those carried out by Groundwork (Groundwork, 1995); and the provision of additional
information on energy bills (in addition to projects recently set up in the West of England by the Bristol
Energy Centre and Bath University, some studies have been completed in other countries and the impacts
analysed (see for example Arvola et al, 1994).
The remaining policy options identified below are included to complete the picture of available mechanisms.
However, they will not be included directly in the policy modelling in the present phase of the DECADE
project, but form part of the context of the debate.

Fuel pricing

Higher fuel prices are expected to reduce energy use by encouraging changes in consumer behaviour both at
the point of purchase of new appliances and during appliance use. The effect of increased domestic fuel
prices as a result of the imposition of VAT at 8% is incorporated into the DTI projections in Energy Paper 65
(UK DTI, 1995), and as mentioned above certain assumptions are made about the way in which prices in
general affect energy use in the home. Although, as explained above, the DECADE model will not attempt a
detailed analysis of the impacts of fuel pricing policies, we hope to incorporate these effects as part of our
analysis of historic trends, and hence as part of the information we use to construct our baseline scenario.

Alterations to the regulatory system for the electricity supply industry

The idea here is that an energy supply utility can be encouraged by the regulatory framework in which it
operates to choose investment in demand management rather than in new capacity if this results in lower
costs. Supply utilities in the US and in other parts of Europe already take part in extensive DSM programmes
(for a commentary on progress to date, see for example ACEEE, 1992, volumes 5 and 8; Danish Ministry of
the Environment, 1994, Annex I). In the UK however, the price regulation structure has been seen as a
barrier to the implementation of utility sponsored DSM programmes, and the only initiative to date in the UK
to encourage demand side measures has been the Electricity Regulator’s Standards of Performance on
Energy Efficiency. The effectiveness of the Energy Saving Trust has been hampered by the Gas Regulator’s
objection to a similar investment programme.

House energy audits

In many cases, the large kitchen appliances in new dwellings are fitted by the builder. A change to building
regulations to include the energy efficiency of such appliances could improve the overall energy efficiency of
the new housing stock. (The new Standard Assessment Procedure (SAP) rating excludes appliances). In
addition, information about fitted appliance efficiency at the point of sale would improve the attractiveness of
the investment in such efficiency to the builder or DIY householder.

One of the major barriers to the purchase of more energy efficient equipment is the likelihood that relocation
of the household might occur before the full benefits of the investment have been recovered. Although this
situation applies more to space heating
and hot water systems, there are instances where it might affect the purchase of other appliances, for
example cold, wet and cooking appliances as part of a fitted kitchen or new energy efficient lighting systems.
If the effect of more energy efficient equipment on the running costs of a house could be explicitly
incorporated into the attractiveness of the dwelling to a purchaser through an energy audit, the perceived
possibility of gaining a full return on investments in energy efficiency is likely to be increased.

Tradeable carbon emission permits



Tradable emissions permit schemes involve the setting of a limit for total carbon emissions, and then issuing
permits up to this value to the manufacturers of equipment which result in these emissions. Each piece of
equipment sold requires sufficient permits to cover its predicted carbon emissions. Manufacturers with excess
permits can sell them to those who require additional ones. In this way a financial incentive to manufacture
more energy efficient equipment (which therefore requires less permits) is produced. This type of scheme
has not yet been suggested for appliances, and indeed its implementation would be extremely complicated.
The problems involved suggest that this type of scheme is unlikely to be used to influence appliance electricity
consumption levels.

Definition of the scenarios

In identifying possible combinations of the above policy instruments for inclusion in the policy scenarios,
several questions will have to be answered some of which are described below.

Should we be aiming solely to find the best combinations for the reduction of CO2 emissions, or should we
define a series of scenarios which, whilst focusing on CO2 emissions reduction, also include additional policy
aims such as the increase of equity? For example, should we have a scenario where efforts to reduce
domestic sector energy use are specifically targeted at low-income households, providing them with grants or
low-interest loans for the replacement of old, inefficient appliances and investing in the provision of household
specific information on the more efficient, and hence less expensive use of energy?

Do we wish to examine policy combinations which are if interest to particular actors within the domestic
appliance market (for example central government or the appliance manufacturers)?

It is likely that our initial suggestions for the scenarios will be presented to interested parties outside the team
for their comments on these and other issues.

7.4 THE BOUNDARIES OF THE DECADE MODEL, AND THE INTERFACE WITH OTHER
SECTORS OF THE ECONOMY

Translation of electricity demand into CO2 emissions

The DECADE model will produce output in terms of future domestic demand for electricity. This can be
converted into CO2 emissions either using simple assumptions about the future generating mix, or by
employing more complex algorithms which account for the daily load profile or seasonal variations.

If we choose to take the former route, the construction of the additional calculation module will be
straightforward, and can be done within the team, using government and / or industry projections of future
generating mix profiles.

Using the latter method would require collaboration with an outside consultant, since the development of a
load module is not feasible within the present DECADE time frame. Possible load modelling packages
already developed have been identified: the assessment of the added value gained form using these has yet to
be made (in particular the quality of the available data for use in such programs).

Interaction and feedback between the effects of modelled policy instruments and other economic
sectors

Future changes in domestic use of electricity may have impacts on the economy in general. These changes
may feed back into domestic electricity use, either enhancing or offsetting the original changes induced by the



policies. For example, if the policy scenarios modelled by DECADE affect the domestic demand for
electricity to a significant extent, they will also have an impact on domestic energy prices, and changes here
will in turn affect domestic demand.

The intention is to liaise with staff from the Department of Applied Economics at Cambridge to assess the
possible extent of such secondary effects. It is unlikely that these will be quantified, but the results of the
discussions may be used to qualify the results produced by the modelling process. If possible, the discussions
might lead to a process by which the output from DECADE could be used as input to the Cambridge MDM
of the UK economy, and if this was the case, then the results of runs of the MDM model could be used to
modify DECADE output quantitatively. As mentioned above, this sort of linkage between top-down and
bottom-up modelling has been identified as an aim of energy modellers in general.

7.5 CONCLUSIONS AND FURTHER WORK

This Chapter has highlighted some of the main issues surrounding the creation of future scenarios for the
DECADE model. Possible policy instruments have been identified and discussed within the policy context
existing in the EC and the UK. An initial assessment of the feasibility of modelling different policies is also
presented above.

The next stage of work in this area will be the development of a series of scenarios and the assumptions
which will underlie these.

For the production of the baseline scenario, work will concentrate on the clarification of the influences of
social trends and economic forces, and the presentation of initial sets of assumption to a range of interested
parties for comment and adjustment.

The definition of policy mixes for the other scenarios will build on the work already done for the GEA wet
appliances project, and will involve consultation with experts outside the ECU.

Once the policy mixes have been agreed, the assumptions underlying the scenarios will be agreed using a
similar process to that for the baseline scenario and for the GEA work to date.

The team would welcome expressions of interest from those who would like to be part of these processes.

REFERENCES

ACEEE, 1992, ACEEE 1992 Summer Study on Energy Efficiency in Buildings, American Council for an
Energy-Efficient Economy, Washington.

Arvola A, Uutela A and Anttila U, 1994, ‘Billing Feedback as a Means of Encouraging Conservation of
Electricity in Households: A Field Experiment in Helsinki’, in Energy and the Consumer, final report on the
research program 1990-1992, Finnish Ministry of Trade and Industry Energy Department, Helsinki.

Barker T, Ekins P and Johnstone N (eds), 1995, Global Warming and Energy Demand, Global
Environmental Change Series, Routledge, London.

BMRB, 1994, Report of a Telephone Omnibus Survey: Energy Labelling, prepared for the Department of
the Environment by BMRB International Limited, London.



Danish Ministry of the Environment, 1994, Climate Protection in Denmark, National Report of the Danish
Government in Accordance with Article 12 of the United Nations Framework Convention on Climate
Change.

DTI Energy, 1994, Pilot Project for Introduction and Use of the EU Energy Labelling of White Goods
in Retail Trade, Final Report of EU SAVE programme contract: XVII/4.1031/93-007, Danish Technological
Institute.

FDS, 1992, Energy Labelling Awareness Study. Tabulations, prepared for Eastern Electricity by FDS
Market Research Group Ltd, London.

Groundwork, 1995, Developing tomorrow’s decision makers. Groundwork’s National Schools
Programmes, The Groundwork Foundation, Birmingham.

Lewald A and Bowie R, 1993, ‘What is happening with the Swedish Technology Procurement Program? A
condensed version of the procurement program’s first process and impact evaluation’, paper presented at
The Energy Efficiency Challenge for Europe: the 1993 ECEEE Summer Study, the European Council for
an Energy Efficient Economy.

UK Department of Trade and Industry, 1995, Energy Projections for the UK. Energy Use and Energy-
Related Emissions of Carbon Dioxide in the UK, 1995 - 2020, Energy Paper 65, HMSO, London.

UK Government, 1994, Climate Change. The UK Programme, United Kingdom’s Report under the
Framework Convention on Climate Change, Cm 2427, January, HMSO, London.



CHAPTER 8: CONCLUSIONS Brenda Boardman

1994 was the first year of the DECADE project. The rapid start of the project, so shortly after the contract
was granted, has meant that the team grew in numbers slowly over the first five months. We were not full
complement until the end of May.

The emphasis in the first year was always on obtaining a model and data and combining the two. This has
been achieved, though the variability in the quality of the data and the gaps in knowledge on usage were
greater than anticipated. We now have a methodology for getting all data on UK domestic electrical
appliances into one common, interactive format. This is enabling us to identify the information holes and
establish which of these is important. For instance, we have not identified any research, anywhere in Europe,
on the number of minutes that a tumble dryer is put on for when it is used. As dials are calibrated in intervals
up to 100 minutes, this information has a major effect on the assumed energy consumption of the appliance.
Obtaining behavioural and monitored surveys, for instance from student dissertations and manufacturers, is
now a priority. The result, we hope, will be a major library on domestic appliance knowledge, as well as a
complete dataset.

Our first iteration of the DECADE model provided a total within 3% (?) of the total given to us by BRE for
appliance consumption. This extremely successful result was based solely on our data, collected or
interpolated, and did not involve any fine-tuning of the results. The first year of DECADE, therefore,
confirms the previous judgements on the proportion of electricity going into appliances. However, this has
focused concern on the remaining consumption of electricity in water and space heating (see Figure 1.1). The
implication at present is that only electric space heating usage, in central, individual and supplementary
appliances, is sensitive to weather, pricing and economic factors generally. This separate treatment of electric
space heating produces anomalous results, for instance the doubling of electricity consumption in this sector
between 1982 and 1986. The debate with BRE has already started and will continue with them and the
electricity industry. The result will be greater confidence in the subdivision of domestic electricity
consumption between major uses and a better understanding of which uses are, or are not, sensitive to
external factors, primarily the weather and fuel pricing.

The interim judgement is that the total for consumption in domestic electrical appliances, as given in Figure
2.3 demonstrates the correct trend, when the  effect of price, weather  and other major factors, is smoothed
out. There has been a doubling in electricity consumption in domestic appliances and lighting in Great Britain
between 1970 and 1992.

We have established that the unit energy consumption of almost all appliances is dropping or static (Figures
4.1-4.6). In some cases, technical improvements are being offset by improved standards of service: more
frozen space (rather than refrigerated), more clothes washes per week. Thus, the increase in demand comes
from:

• the growth in household numbers;
• a higher proportion of all households owning individual appliances; and
• new equipment on the market.

The improvements in energy efficiency will have to be substantial to offset the cumulative effect of these
trends.

The DECADE approach is to recognise the importance of human behaviour on:

• decisions to purchase an appliance;



• the choice of model;
• usage patterns and trends; and
• responsiveness to policies, for instance educational energy efficiency labels.
All our work in this first year has confirmed the benefits of this emphasis and the desperate shortage of good
research into identifying and quantifying these interactions.  We are now facing the challenge of  researching
behaviour ourselves and of developing the model to undertake behaviour-responsive scenarios

The detailed information that we have obtained on low-income households in Edinburgh, through LEEP’s
project, has extended our confidence in consumption levels and given us clear guidance on variability between
households.

Collaboration with our European colleagues has also proved a rich source of information and inspiration. The
principal investigators on GEA - the Danish Energy Agency, Novem in the Netherlands, and Ademe in
France - and agencies involved in modelling - particularly DEFU in Denmark and Inestene in France - have
all generously contributed their expertise. The Oxford Modelling Meeting in September was a major
opportunity for these and other European groups to meet and discuss our approaches and problems. This was
the first international conference on domestic appliance energy modelling and proved the substantial benefits
that accrue to us all through collaboration. Through good discussions on methodology and data availability, it
emerged that the experience of the DECADE team seems to be common within Europe: too little is known
about the way that domestic appliances are used in practice. We intend to continue our discussions with
external groups in the UK and elsewhere in Europe, as this ignorance may result in misaligned policies.

The second year

1995 is the year of scenarios, trends and carbon dioxide predictions. The gradual confirmation of the expected
baseline will result from extrapolating technical and behavioural trends to give unit energy consumption. The
uncertainty over household numbers has been partly removed by recent publications, but ownership levels will
remain a subjective judgement. We have few aids to help judge the effect on ownership and usage of having
a higher proportion of elderly households. Will they own more appliances in retirement than they did when
economically active?

The choice of scenarios and the way that they will be modelled are considerable challenges for the year
ahead. It is difficult to understand how consumer have responded to existing policies, such as the imposition
of 8% VAT and to the presence of energy labels on new, cold appliances. Relating that limited knowledge to
new initiatives, different policies and a variety of appliances poses additional problems. However, we are
determined to push the debate as far as we can and to undertake a first attempt at modelling these policies
and provide a clear exposition of the judgements we have made. In that way, future evidence or challenging
views can be fed back into the process to improve our understanding. Then DECADE will be able to fill the
gap in energy modelling and begin the process of forecasting atmospheric emissions under different policy
options.

The DECADE team are getting to a situation where we can clarify the effect of separate policy instruments:
If we have energy labels, do we need minimum standards as well? How much carbon dioxide will be released
as a result of delaying action, on specific groups of appliances.

The work programme in 1995 will include, we hope, more discussions with manufacturers and retailers on
how they will respond both to changing legislation and new consumer preferences. We have established
contact with AMDEA, the trade association for white goods manufacturers, but have yet to develop a good
relationship with them, their members, the brown good manufacturers and retail trade generally. British
manufactured products are, generally, less efficient than the European average, so a recognition of the likely
impact of European legislation is particularly import for British companies. We know that many of these



companies have a strong concern for the environment. What is now needed is for their products, as well as
their internal policies, to support that concern. The next focus for DECADE is on standby power in
televisions and video cassette recorders. This may prove a fruitful area of collaboration, particularly with
retailers.

We would like to have further discussions with the Electricity Association and their constituent members and
to develop a joint approach to understanding domestic energy consumption more accurately. The demise,
since privatisation, of main sources of published information from the EA (for instance the Electricity Supply
Handbook) has meant that the only publicly-available data on appliance consumption now comes in summary
form from the Building Research Establishment in the Domestic Energy Fact File. This is not, yet, an annual
publication. The growth in electricity consumption in domestic appliances is so substantial that an annual
publication, solely on this subject, should be available to inform policy and research generally.

Finally, the DECADE project grew out of the debate on fuel poverty and equity issues - what is a minimum
level of consumption in these appliances to provide an adequate standard of living in the twenty-first century?
We hope to develop the model to include different household characteristics and to contribute to the
discussion and reduce the effects of poverty.


