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m This paper examines the potential for carbon dioxide savings in the housing stock. The

v analyses undertaken rely on the BRE database of information relating to the

¥ ownership of insulation and other energy efficiency measures in housing

. (BREHOMES “?), and the Environmental Change Unit’s data relating to household
electrical appliances (DECADE ),

ey The paper presents an overview of two related areas of work. The first investigates the

b potential savings, and the associated cost-effectiveness, of introducing energy-

fae cfficiency measures. The second concemns the development of scenarios for the carbon

o dioxide emissions of the domestic sector.

PR The results indicate that the Government’s target of a 20% lower carbon dioxide

cmission in 2010, relative to 1990, will cequire an accelcration to the rate at which
cnergy-efficiency is currently improving in the housing stock.

»1

n
"M ng the scope for savings and their cost-effectiveness

. To asscss the potential importance of any energy-efficiency measure requires consideration of how much energy it
. wmight typically save and whether those savings arc likely to be cost-cffective. Such calculations provide a
;mmicm method of ranking measures and offer a first-order estimate of overall potential savings, thereby
- providing policy makers with important information on which to base decisions relating to the design of policies.

Mly four kcy energy-efficiency measures have been considered. Roughly half of these concern the fabric and
~ \emting provision in a typical house with the other half relating to major electrical appliances and lighting. For the

Remer maasures, energy savings have been calculated using the BREDEM Y model and then reduced by 30% to
o &ount for savings that are likely to be taken in improved comfort.

ot the appliances and lighting measures, figures have been derived from the results of the DECADE study ), the

»WeTgy savings being the difference between the consumption of the average appliance in the stock and the

. Somsumption that could ultimately be achieved. The consumption that could ultimately be achieved was taken,

» conservatively, as the projected average consumption of that appliance type in the DECADE “Scenario 1” in
(sce following section for an outline explanation of what this scenario assumes).

'::“h Broups of measures, information on the present (actually 1996) levels and overall scope for ownership were
- from the respective data sources, BREHOMES and DECADE. Thus, national potential energy savings could
Qlculated from the savings determined as described above. Data on costs and lifetimes of measures and on fuel
Prices were also assembled from the above and various other sources. Wherever possible, both low and high capital
: figures were specified because these figures help to illustrate the possible range of cost-effective savings. For
uh:‘“."‘f’ relating to fabric and heating, the gas fuel price was used to calculate the cost savings. Corresponding
dioxide savings were calculated using the fuel mix for heating as derived from the BREHOMES model.
% DN dioxide savings relating to electricity were based on the emission factor of the marginal plant as estimated
1. For 199, this is close to the emission factor associated with a typical coal-fired plant. As discussed in the
o ‘m“& Calculations have also been undertaken for 2010, and for this year the assumed emission factor is close to
@ combined cycle gas turbine (CCGT) plant.
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As an aside, it is worth noting that the electricity emission factors used for the scenarios that are discussed lajer
averages based on the fuel mix for generating electricity that is anticipated in the DTI's “central GDp low

prices” scenario, rather than being marginal plant values. This means that they implicitly include all Chﬂﬂ'gcs 0
electricity supply industry that are foreseen in this DTI scenario, such as the increasing move towards
generation, the likely decline of coal-fired generation and the gradually growing importance of renewable
sources.

"uy
Having assembled all the information described above, cost-effectiveness calculations can be undertaken [‘o‘:
individual measures. The method used consists of expressing capital costs in terms of their equivalent annua| q
(making appropriate assumptions about lifetimes and discount rates) and subtracting annual energy-relateq con
savings from these to produce a net annual cost. The net annual cost is then divided by the carbon dioxide Sviag
(expressed in terms of carbon) that the measure typically produces to give a net annual cost per tonne of Carbog
saved. If this cost is negative, the measure is cost-effective; if it is positive, the measure is not cost-effective,
negative numbers indicate greater cost-effectiveness so measures can be ranked according to their Cogt-
effectiveness. By also presenting the potential national carbon dioxide savings of each measure, it is easy 1o oo
from the ranking the overall scope for cost-effective savings.

By using altemative assumptions for the costs of measures and for discount rates, the method allows a rapid
appreciation of the likely range of the potential cost-effective national savings, and highlights those measures (hyg
offer the best options. This is illustrated in Figures 1 to 4, where the effect of alternative assumptions on potential
savings is quite apparent. Thus, for example, Figure 1 indicates that, for a discount rate of 8%, almost all of the
energy-efficiency measures considered are cost-effective and could provide savings of about 17.5MtClyear. By
substituting high costs for the energy efficiency measures the potential falls to about 8MtC/year, as shown in Figae -
2.

If the discount rate is increased to 15% and the calculations repeated the results are as shown in Figures 3 and 4,
Low costs for the measures still imply potential savings of slightly over 13MtC/year, but high costs reduce the
potential to about 5.5MtCl/year. Interestingly, for the extreme combination of high discount rate and high costs, te
measures that are still cost-effective are almost exclusively those relating to electrical appliances. An importat
message that emerges from this work, therefore, is that measures other than those relating to the traditional concerns

of improving the fabric and heating of buildings must be considered. '

Because of the policy interest in the year 2010, similar calculations to those described above have also been caried
out for this year. To do this, it is necessary to estimate what the situation in 2010 is likely to be, assuming that
current trends continue. This can be done using the information from the scenarios work that is described in the
following section. The dectailed results of the 2010 calculations are not presented here due to lack of space, but it i§
worth noting that they strongly resemble the results in Figures 1 to 4 but with overall potential carbon saving
between about 40% and 60% lower. In other words, unless current trends change dramatically, roughly 50% of the

present potential for carbon dioxide savings is likely to remain in 2010. ;A

Information such as that described above is clearly important for assisting policy makers in deciding which
measures to target and for identifying feasible mechanisms for encouraging the improvements and the possible
public expenditure implications. Nevertheless, it has to be recognised that such calculations only provide stati¢
estimates and that these will not necessarily indicate overall savings that match figures calculated by using roof®
realistic modelling procedures that take account of dynamic effects. In other words, the results are not parti

well suited to assessing likely trends in carbon dioxide emissions for the housing stock. For this, therc is a need for
more detailed scenario calculations, in which there is an explicit time dimension.
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Figure 1 - Potential national carbon savings — 1996 (low costs — 8% discount rate)
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Pigure 2 - Potential national carbon savings — 1996 (high costs — 8% discount rate)
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Figure 3 — Potential national carbon savings — 1996 (low costs — 15% discount rate)
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Figure 4 — Potential national carbon savings — 1996 (high costs — 15% discount rate)
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3 ds in carbon dioxide emissions for the housing stock.

future projections of energy use and carbon dioxide emissions, good historical data on the multitude of

T that have an influence are required. In the case of the housing stock, most of the relevant data can be found in
: m in sources referred to in this paper, BREHOMES and DECADE.

. As en cample of how historical data can indicate futurec trends, Figure 5 shows actual data on ownership of double

gating snd loft insulation, together with fitted S-curves that are based on the assumption that the rate of uptake is
ﬂml to time and to the size of the remaining market. It is clear that the Scurves are able to describe these
markets rather well, and so provide a good indication of what is likely to happen in the future. Similar
amalyses can be applied to individual measures and appliances to provide information on the situation that is likely
@ exist in future years. Anned with this information, together with various other key data (such as projections of
populstion and nu bers of houscholds, trends in domestic heating and appliances markets, trends in internal
, estimates of carbon dioxide emission factors for electricity, etc) it is possible to undertake energy use

ealculstions that will indicate the housing stock’s emissions of carbon dioxide for future years.

The scanario developed as outlined above describes the business-as-usual situation. It is called the Reference
«xmario in this paper. For lights, appliances and cookers, the Reference scenario uses the “Reference case” scenario
semits of the DECADE study. Figure 6 illustrates the carbon dioxide emissions of the Reference scenario broken
dowen by fucl type. This shows a marked reduction in emissions by the early part of the next century relative to 1990
ovem though the energy use, which is not presented here, shows a rising trend throughout the whole period. The
rcason for this is that, although electricity usc rises steadily, the emission factor associated with electricity is
to fall markedly as generation by gas becomes increasingly common. Figure 6 illustrates the falling
amisoions associated with electricity quite clearly.

Ovenall, the Reference scenario suggests that by 2010 domestic carbon dioxide emissions are likely to be roughly
©@&C/yaar below their 1990 level (about 6.5MtClyear below the 1996 level). This corresponds to a reduction in
ama] cmissions of about 19% relative to 1990. Given that thc emissions from certain other scctors, transport in
particular, arc very likely to rise this indicates that achieving the Govemment’s 20% target will require the uptake of
earygy cfliciency measures in housing to be acc lerated. Another scenario, called the Efficiency scenario, has been
dmveloped to investigate what might be possible.

Many of thc assumptions of the Efficiency scenario are exactly the same as those of the Reference scenario (same
population and household growth, same assumptions about improving comfort levels, etc.) but the uptake rates for
exrgy efficiency measures have been increased to levels that ought to be realistic, provided specific energy-
eflicency initiatives are introduced. Rates of uptake for insulation measures, for example, have been guided by
aoguisition rates that have be n seen to occur in the past. Similarly, for lights, appliances and cookers, the Efficiency
&Enano uses the “Scenario 1” results from the DECADE study, this being a scenario in which the introduction of
eMcient appliances into the stock is increased to levels that are realistically achievable.

Pgac 7 illustrates the carbon dioxide emissions of the Efficiency scenario broken down by fuel type. Since energy
wee (alls in this scenario, it shows a much more pronounced reduction in emissions between 1990 and the carly part
of e next century than that illustrated in Figure 6. For example, as can be clearly secn in Figure 7, the carbon
@oudc cmissions associated with gas conswinption reduce between 1995 and 2010, whereas in Figure 6 they remain
Brty constant, Overall, the Efficiency scenario suggests that by 2010 domestic carbon dioxide emissions could be
fomghly 13.SMtC/year below their 1990 level (about 12MtC/year below the 1996 level). This corresponds to a
redction 1n annual e issions of about 32% relative to 1990,

Pigure 8 illustrates the difference between the carbon dioxide emissions of the Reference and Efficiency scenarios
®ore clearly. It can be seen that the results suggest that by 2010 carbon dioxide e issions could be about 5.5MtC
bedow the Icvel that they might then be at if current trends continue. In fact, this difference is greatest around 2010.

- reason for this is that emissions in the Efficiency scenario start to rise beyond 2010 because the major part of

improvements in this sc nario have taken place by then — and so there is an increasc in energy use due to the still
number of households.
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To conclude, it is interesting to compare the scenario results with the cost-effectiveness calculations. As indicated
above, the Efficiency scenario suggests potential savings relative to 1996 of about 12MtC. The cost-effectiveness
calculations suggested, depending on the particular assumptions used, anywhere between 5.5MtC and 17.5Mt(C, so
the scenarios results are fairly ctose to the middle of the range. The Reference scenario results suggest potential
savings relative to 1996 of about 6.5MtC. In other words, under the Reference scenario about 45% of the potentia
savings indicated by the Efficiency scenario will remain in 2010. This is quite close to the figure of roughly 509
that the cost-effectiveness calculations indicated.

Conclusion

This paper has described results from two complcmentary areas of work that both aim to provide information to
assist with the task of developing policies for the reduction of carbon dioxide emissions from the housing stock.
Static calculations have produced information on the cost-effectiveness of energy efficiency improvements and have
provided first-order estimates of the potential national savings. Possible future carbon dioxide emissions have been
calculated for a Reference and an Efficiency scenario, and these allow a more thorough assessment of the potential
national savings. The results indicate that the Government’s target of a 20% lower carbon dioxide emission in 2010,
relative to 1990, will require an acceleration to the rate at which energy-efficiency is currently improving in the
housing stock. The Efficiency scenario suggests that a reduction of up to 32% is feasible for the housing stock.

Acknowledgement

The work described in this paper has been supported by the Department of the Environment, Transport and the
Regions. Global Atmosphere division and the Research, Analysis and Evaluation division provided funding for the
BRE activity. The Environmental Change Unit work on DECADE was funded by the Environment and Energy
Management Directorate and also by the European Commission under the SAVE programme.

References

1. Shorrock, L D and Dunster, J E. “The physically-based model BREHOMES and its use in deriving scenarios
for the energy use and carbon dioxide emissions of the UK housing stock.”
Energy Policy. Vol 25, No 12. 1997.

2. Shorrock, L D and Walters, G A. “Domestic Energy Fact File 1998.”
BRE Report BR 354. 1998,

3. Boardman, B et al. “DECADE. Domestic Equipment and Carbon Dioxide Emissions. 2MtC.”
Environmental Change Unit, University of Oxford. 1997.

4. Anderson, B R et al. “BREDEM-12 Model Description.”
BRE Report BR 315. 1997.

380

—— T - A e~ i —



