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OVERVIEW

On 1% December 2008, the Committee on Climate Change (CCC) produced its first report to
Government Building a low-carbon economy — the UK’s contribution to tackling climate
change, which included advice on setting the first three carbon budgets, to 2022. Quantities
of potential emissions reduction from energy use in buildings and industry were included
within the proposed carbon budgets.

This note provides further detail on calculations behind the estimates of emissions reduction
from buildings and industry provided in the report. It includes emissions that come from the
direct combustion of fossil fuels (e.g. gas for central heating) and emissions that are
indirectly generated through the consumption of electricity. It covers measures to reduce
emissions through:

e Actions which reduce electricity demand, whether via energy efficiency
improvements or lifestyle change;

e Actions which reduce direct fossil fuel use, whether via energy efficiency
improvements or lifestyle change;

e Actions to produce heat more carbon efficiently, whether via the development of
renewable heat sources, or the use of electricity to generate low carbon heat;

e The microgeneration of electricity at a local level.

This paper is designed to provide background and more information on the issues
considered in reaching the conclusions on how much potential is available in these sectors.
Specifically, this paper provides:

e An outline of the methodology used to identify the potential for emissions
reduction from buildings in industry, with more detail on the models used by the
CCC in its analysis, as well as the key assumptions and issues in assessing that
potential.

e An assessment of the scale of emissions reduction that is theoretically possible

e Further details of the approach taken to calculating how much of these emissions
reductions could realistically be achieved.

e An analysis of the sensitivity of these results to different assumptions.



1. METHODOLOGY

1.1. Summary of the four models

The CCC commissioned BRE and AEA Energy and Environment to develop a series of
models that could be integrated into a marginal abatement cost curve (MACC) covering
abatement measures from energy use in buildings and industry.

Mar gi nal Abat ement Cost curves provides a stat
potential to reduce emissions and average costs of doing so for a wide variety of
technologies and abatement measures for a given year relative to an assumed baseline. By

ranking abatement measures in order of decreasing cost effectiveness (such that measures

to the left of the curve and below the x-axis indicate negative costs of savings to society, and

costs the right and above the x-axis illustrate costs to society) MACCs provide an invaluable

tool for cost-effectiveness analysis.

The time available to complete this project meant that it was necessary to build from three
existing models of abatement potential from energy use in buildings and industry , adding in
as far as possible the latest state of the arts to provide a comprehensive view of abatement
from these sectors.

1.1.1.BREDEM

Background
The Building Research Establishment’'s Domestic I

to consider the impact of technologies on the energy demands from households. The model
itself forecasts energy demand in each household, which is determined by three key factors:
e The size of a house and consequently the demand for water and space
heating, as well as electricity demand for appliances;
e The amount of heat energy lost;
e The amount of fuel needed to meet the heat and electrical demands
determined by the above.

Efficiency measures can then be modelled by adjusting the second two factors. So for
example installing a cavity wall will reduce the amount of heat lost, thereby reducing heat
demand, and reducing the amount of fuel required to heat a home.

BREDEM incorporates the impact of more efficient appliances. The savings made from more
efficient appliances are based on research for the Market Transformation Programme.
However by incorporating them into the model it is possible to account for the so called heat
replacement effect. This occurs because more efficient electrical appliances tend to
generate less heat, and as a result the main heat system of the house will need to generate
slightly more heat — and use slightly more fuel. This will tend to reduce the size of energy
savings associated with more efficient appliances.



BRE al so model the impact of alternative measur
heat measures provide significant potential to reduce carbon emissions, but create complex

interactions that cannot easily be incorporated into models such as BREDEM. To give an

example, biomass boilers technically reduce the carbon emissions from heat generation to

zero. As such the carbon saving from insulating a house would in theory be zero. However

this is not to say that installing that insulation is not a good idea as it would still save money

by reducing the required capacity and/or fuel consumption of the installed biomass boiler (as

well as represent a more efficient use of scarce biomass resource).

Key Assumptions

The model developed by BRE for CCC contains two key assumptions which affect the output
of the model:
e Average house — The model is based on the average house. Although BREDEM
itself is capable of disaggregating by age and type of dwelling, it was not possible to
develorg a flexible model “hat me t CCC’s ana
degree of deteil. This does not affect the aggregate results, however the abatement
potential from specific age and type of dwelling categories :an give important insights
into the nature of the policy challen¢je, as well as the type: of technologies that may
be suitable.
e Baseline penzstration rates — The model assumes a czrtain level of take up of
existing technologies, based on past trends as well as expected future policy delivery
(see BRE (2008) * MAC Cur ves f or t h-DomBstcnBeildingiSectomnd Non
- Techni cal D o. cThar &evelt af t penetration is important from two
perspectives:
0 The greater the take up, the less remains to be dor e. It is important therefore
that take up rates are consisti2nt with forecasts of emissions.
o Different take up rates have different interactions. For example if there were
higher take up of cavity wal insulation, this would tend to reduce the cost
effectiveness of other heat-related measures (see section 1.2.2).

Updates by AEA

CCC commissioned BRE to provided a flexible spreadsheet version using outputs from the
BREDEM model. AEA were then commissioned (as part of a wider project) to assess the
coverage of the model and if necessary incorporate additional technologies. The details of
this work can be foundi n A E A Refidw@id)update of UK abatement costs curves for
the industrial, domestic and non-domestic sectors‘. However the main additions were:

e Toincorporate some evidence on district heating based on modelling for the OCC*

e Modelling of microo-CHP t echnol ogies building on evider
using the Carbon Trust trials of this technology®

¢ Incorporation of residential biomass boilers as a technology;

e Improved coverage of efficiency measures in a few appliance categories

! The inclusion of some technologies has been limited by data availability which prevented the flexible
modelling of different fuel prices and capital cost assumptions

> The Impacts of Distributed Generation on the Wider UK Energy System (April 2008); an update
study by AEA and the Carbon Consortium for Defra
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1.1.2.N-DEEM

As with BREDEM, the Non-Domestic buildings Energy and Emissions Model (N-DEEM) is a

tool to consider energyuseinnon-d omesti ¢ bwuildings. | t’'s princip
looking at energy demands, energy losses and the efficiency of energy generation in specific

buildings.

However the diverse nature of non-domestic buildings (e.g. office buildings of different

shapes and sizes, hospitals, retail buildings, leisure and sports centres, etc.) means it is very

di fficult to work on the basis of an ‘average’ k
be applied in different ways, thereby generating different levels of costs and savings.

The impact on energy demand of specific technologies is therefore based on detailed
assessments of energy use in around 700 buildings®. This dataset is now somewhat out of
date and, although it has been updated over time, represents a key weakness of the model.
Nevertheless N-DEEM represented the best model capable of the analysis required by CCC.

The diversity of buildings types and technologies means N-DEEM is necessarily more
complex than BREDEM. The cost effectiveness of a technology will depend on many factors.
It is therefore inappropriate to simply take and average across all possible installations.
Instead N-DEEM itself provides two average cost estimates — the average cost (saving) for
all instances of a technology that are cost effective (i.e. have a negative net annual
equivalent cost), and the cost for all instances where the technology is not cost effective.

Updates by AEA

As with the domestic model, AEA were commissioned to review and add further measures
where appropriate. The main additions and revisions here were to the potential for
microgeneration technologies, particularly solar heat and electricity, biomass boilers and
heat pumps. Combined Heat and Power is covered by the CHP model below.

1.1.3.ENUSIM

The Industrial Energy End Use Simulation Model (ENUSIM) was originally designed to
model industrial energy use by considering the take up of energy saving technologies in
industry. This take up considers both economic and behavioural factors which affect
business decisions.

It is a logical step to use this model to consider the potential for further reductions in energy
use — and so carbon emissions — given that the model already contains a vast array of
technologies which business could apply to reduce energy consumption.

% Sheffield Hallam University, Energy use in the non-domestic building stock: 2000 catalogue of
results, Draft report no. SCP 4/12



The calculations and process of the model is complex. The simple representation is as
follows:
e Each (sub)sector has a particular throughput (either in terms of value of production or
amount of physical production).
¢ In each subsector there are a number of devices that may be involved in producing
that throughput
e Each device has an estimates Specific Energy Demand (SED) — the amount of
energy required to produce one unit of throughput
e Total energy demand is then SED * throughput
e There are then a number of technologies which can be applied to each device that
either switch fuels or reduce SED of that device

Updates by AEA

ENUSIM has recently been updated to support policy analysis of the EU Emissions Trading
Scheme (ETS). However this update only covered selected sectors. AEA and Ecofys
undertook a limited update three further sectors — Engineering, Chemicals and Food and
Drink. Together this would mean sectors responsible for almost 90% of industrial emissions
would have been updated since 2005. However this limited update did not uncover
significant new evidence to adjust the data in ENUSIM. The existing data represented the
most robust evidence for these sectors.

Industry Consultation

The degree of uncertainty, and the fact that Ecofys were unable to uncover new data, lead
the CCC to undertake a brief consultation with the three key industrial sectors. We are
grateful for those involved who provided feedback in a very compressed timescale.

The results of the consultation demonstrate that there are clear limitations in the detail of

ENUSIM s technol ogi es. However while the detail c

support from the sectors consulted for the scale of the overall emissions reduction potential.
This provided sufficient reassurance that the aggregate results were robust — though sector
and technology specific estimates may be misleading.

1.1.4.Combined Heat and Power (CHP)

Modelling of CHP is based on modelling by AEA undertaken for the EC Cogeneration
Directive. It considers the economics of introducing different types of CHP technologies in
various industrial sectors, as well as non-domestic buildings.

AEA’ s model considers the opportunity trent
energy demands. It selects the optimum technology that could be applied in that location and
the consequent impact on energy used to generate heat (and electricity used/exported). This
is then used to estimate the potential for carbon emissions reduction.

A crucial assumption in estimating abatement potential is that the heat generated by CHP
will only be used on site. Any excess heat will not be sold or shared with other users. This
reduces the efficiency of CHP (since energy is wasted), but is more representative of the
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heat market today. If excess heat were distributed to other users, this would significantly
improve the potential carbon savings (and potentially the economics) of CHP.

1.2. Methodological Issues on Defining MAC Curves

1.2.1.Baseline forecasts vs. baseline penetration rates

The CCC assumed its business as wusual projectio
policies. To this end we assumed that all policies in the UK Climate Change Programme

would be included in our baseline. However — due to the uncertainty of definition of some

policies — those introduced or reviewed in the Energy White Paper 2007 were not included.

The baseline in MACC models is defined by a projection of the take up of different
technologies. There are a variety of ways in which these projections are generated:

e BRE' s model s wor k by fitting a ©S’ s ha
technology. This curve is based in part on past trends in the uptake of a
technology, and partly on future predictions of the impact of policies.

e ENUSIM creates its own baseline by looking at cost effectiveness of
technologies, and assuming cost effective technologies will naturally be
installed by business over a time period that is defined for each technology.

Again this is basepcuvey a ‘S’ shape take
e CHP models use BERR estimates of the likely take up of CHP with existing
policy.
The use of the S’ shaped curve is a common fea

path of implementing a technology. In the early years growth tends to be slow, with supply
often constrained and uncertainty holding back demand. This is then followed by a time of
more rapid growth, with suppliers expanding the market and consumers coming to accept a
technology, before tailing off as the market approaches saturation.

The S-curves are fixed for a specific technology and, with the exception of ENUSIM, the
baseline for these models is also fixed.

In practice of course, changes in income and prices will mean this baseline changes. If
prices rise and/or if income decreases, we expect energy demand to fall as people conserve
energy (e.g. by turning lights off). A lower disposable income also means that people would
tend to buy fewer energy-using products and appliances, hence penetration of newer (and
relatively more efficient) models would slow down. With higher prices people would also face
an incentive to improve efficiency (e.g. install insulation), but a lower disposable income
would tend to put them off.

Ideally the baseline would be responsive to price changes. However in practice the CCC has
taken the view that the impact is likely to be small on our estimates of abatement potential.
This conclusion was reached for several reasons:



e The price elasticity of energy demand is relatively inelastic. This means even
large changes in price are likely to have only limited impact demand

e Changes in energy demand are likely to result from a mix of actions (e.g.
conserving energy). Many of these will have only limited effect on the MACC
models (e.g. buying less appliances)

e Particularly in the domestic sector, ambitious policies (e.g. CERT) are likely to
drive change. In this sense those who would respond to higher prices by
installing insulation and other measures are already likely to have been captured
by these policies.

1.2.2.Interactions and overlaps

The MACC models estimate abatement potential in terms of emissions reductions that could
be achieved over and above the baseline. However the MACC measures also interact and
overlap with each other. As a result the emissions reduction delivered by a package of
measures may be less than the sum of each component of the package. For example, the
emissions reductions delivered by more efficient boilers depends on the amount of heat to
be generated. So if you install insulation (reduce the heat needed), you will reduce the
emissions reduction associated with a more efficient boiler.

This issue is most significant for the two models of energy use in buildings. ENUSIM is
designed to explicitly model interactions and CHP (given the likely scale of its introduction) is
unlikely to have significant interactions at a national level.

Traditionally the problem of interactions has been overcome in one of two ways:

e By looking at the cost effectiveness of single measures — This is useful to give
insights into the relative cost effectiveness and perhaps the prioritisation of
technologies (but the resulting MACC is not additive);

e By looking at the effectiveness of packages — This can answer the question of
what level of carbon reduction would be achieved if we installed measures Xx, y
and z. The approach is useful to look at ways to hit a target, but it does not in
itself generate a MACC.

In the case of the buildings and industry models, neither approach is well suited to the
analysis required. The first will tend to over-state the potential for reducing emissions — in
some cases quite substantially — and the number of technologies — which results in a huge
number of potential packages - means cost effectiveness analysis of packages was not a
practical option in the timescale under which the CCC was working.

Instead the CCC has taken a cautious approach. One of the aims of this modelling is to
demonstrate that the carbon budgets are achievable, so it would be inappropriate to be over-
optimistic in our assessment abatement potential. We have therefore looked at the cost
effectiveness of a technology given all other technologies have been introduced. If we
assume that we are starting from accurate estimates of abatement potential for individual
technologies this approach to aggregation assumes full interactions and hence is likely to
represent a lower bound for the true potential (since it unlikely that all measures will be
introduced fully by 2022).



The one exception to this is microgeneration and renewable heat technologies. These are
not explicitty modelled by BREDEM or N-DEEM, and so it is difficult to take account of
interactions and overlaps. As such the technical potential represented in our MACCs
overestimates the potential of these technologies — it allows (for example) for biomass
boilers and heat pumps to be installed in the same house.

This issue was addressed in the modelling of realistic potential by scaling down the level of
abatement to reflect the scenarios set out in the draft Renewable Energy Strategy (RES)
(see section 4.3.2).

1.2.3.Decarbonisation of the grid T average vs. marginal
carbon intensity

The carbon intensity of electricity is an important factor in assessing the emissions reduction

that can be achieved from more efficient appliances and lifestyle measures that save
electricity. The CCC’'s projections show a signi
electricity generation, with almost 35% of electricity being generated by renewable (zero

carbon) technologies by 2020. Overall the carbon emitted per kWh produced falls from 560

g/KWh to 350 g/KWh over the period 2008 to 2020.

However this average carbon intensity is driven by a mix of different fuels used in electricity
generation, both fossil fuels and renewable. If electricity demand is reduced, it is unlikely that
this will be spread equally across all of the different power plants and fuel types — and so it is
unlikely to reduce emissions in line with the average carbon intensity. What one needs to
focus on is the plant that is likely to operate at the margin in the long term and/or the
characteristics of the marginal generating capacity to be built over the relevant time horizon,
which could be displaced by a reduction in electricity demand. The CCC’ assessment was
that marginal capacity and marginal operating plants over the relevant time horizon would be
Combined Cycle Gas Turbine (CCGT) plant. This is equivalent to an emissions factor of 380
grams per KWh. Carbon intensity could in principle be higher in a scenario where the
marginal capacity is a mix of gas and coal, but it could be lower in a scenario where
reductions in electricity demand begin to displace renewable capacity.

1.2.4.Baseline forecasts of prices and emissions

The DECC Energy Model was used by CCC to develop projections of emissions, as well as
to estimate future fuel prices which are key inputs into the MACC modelling. The model
projects that total emissions for buildings and industry will fall by around 20% over the period
to 2020.



Figure 1. Emissions Projections for Energy Use in Buildings and Industry
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This trend can be decomposed into:

e The decarbonisation of electricity discussed in Chapter 5: Decarbonising Electricity
Generation, with average grams per kwWh of electricity expected to fall from 540 today
to 350 in 2020. This drives falling emissions across all sectors.

¢ Residential emissions are forecast to decline by almost 30%, driven by both direct
and indirect emissions reductions.

e Emissions in public and commercial buildings are forecast to fall by just over 25%,
and industrial emissions are forecast to fall by 10%. These falls are driven entirely by
the lower carbon intensity of electricity, with electricity demand in kWh forecast to
rise, and with a slight rise in direct (non-electricity related) emissions.

Table 1: Fuel costs assumed in MACC models

Social Private Social Private Social Private

Solid fuel (p/therm) 60.96 19.23 16.58

Electricity (p/KWh)
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2. RESULTS AND TECHNICAL POTENTIAL

Marginal Abatement Cost Curves provide a useful assessment of the potential that exists for
emissions reduction in the economy. In most cases the models provide an assessment of
‘“technical potential . This is theoretical
insulate every cavity wall in the country.

Technical potential is a useful starting point and is outlined in this section. However, whilst
showing what could be achieved, not all of it is realistic — particularly within the timescale
considered.

Section 2 considers technical potential as its starting point, before moving onto consider the
barriers to action and an outline of the approach CCC took to assessing how much
emissions reduction was realistically achievable.

2.1. The Domestic Sector

The MACC model for the domestic sector identifies technical emissions reduction potential
worth as much as 105 MtCO,. Of this, just under 40 MtCO, could be achieved at less than
£40/tCO..

Figure 2: Technical potential in the Domestic Sector
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Source: CCC
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Around 37 MtCO, comes from improving efficiency and lifestyle measures. In particular the
models suggest there is scope to:

e Add and upgrade loft insulation to 13 million houses in the UK, resulting in emissions
reduction of 1 MtCO, in 2020. In many cases this will give a saving of over £30 per
tonne of CO,, but ‘“topping up’ existing insulation
yield a lower saving.

e Insulate cavity walls in 4 million houses, reducing emissions by 2 MtCO, and saving
consumers around £35 per tonne of CO, saved.

¢ Insulate solid walls in 7 million houses, resulting in emissions reduction of 13 Mt CO,
at a cost of around £5 per tonne of CO, saved.

e Accelerate replacement of existing boilers with condensing boilers. This would result
in emissions reduction of 2 Mt CO, in 2020 and save consumers around £45 per
tonne of CO,.

e Increase the percentage of customers buying A+ rated wet appliances and A++
rated cold appliances, with potential for delivering over 2 Mt CO, overall and saving
£190 and £175 per tonne of CO, respectively.

¢ Replace conventional light bulbs with energy efficiency bulbs, reducing emissions by
0.5 Mt CO; and saving around £90 per tonne of CO,.

There is a further potential for 6 MtCO, through modest lifestyle change. The models capture
three elements of this potential:

e Turning thermostats down by 1°C would reduce emissions by 5.5 MtCO,. Where
houses are already heated to a high standard, this is a way to save carbon and
money with only a modest impact on quality of life.

e Washing clothes at low temperatures would reduce emissions by 0.7 MtCO,. This
saves money and carbon, and since many modern detergents provide similar
performance at both low and high temperatures there is little impact on the quality of
the wash.

e Switching lights off when leaving the room, which would reduce emissions by 0.1
MtCO, and would not have any impact on quality of life.

And finally the model suggests up to 62 MtCO, from lower carbon heat and microgeneration.
However this is likely to be an over-estimate of even the technical potential since it double
counts the potential benefits of some technologies.

It is unlikely, for example, that you would install both a ground source heat pump and a
biomass boiler in the same house, but this is what the model implicitly assumes when
considering technical potential. The true technical potential is therefore much lower. For the
technologies in the MACC model, perhaps around 25-30 MtCO,.

The model derives these figures using the following assumptions:

e There are around five million properties where it might be suitable to add small scale
wind turbines. This could result in emissions reduction of 5 MtCO, relative to a
situation where electricity is generated centrally based on firing of gas. The cost
associated with this emissions reduction averages £355/ tCO,, reflecting the
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relatively high upfront costs of installing wind turbines when considered against
ongoing cost savings.

e Solar PV could in principle be added to around 25 million properties in the UK. This
would result in emissions reduction of 20 Mt CO, relative to gas-fired power
generation, at a cost of £265/t CO, saved.

e Solar thermal water heating could be added to 18 million households in the UK in the
period to 2020. This would reduce emissions largely through displacing current gas-
fired water heating. The emissions reduction would be 6 Mt CO,, at a cost of £425/t
CO..

e Burning of biomass in boilers could substitute for current fossil fuel and electrical
heating systems, which would be particularly attractive for properties that are
currently off the gas grid. Up to four million off gas grid households could potentially
move to biomass heating, resulting in emissions reduction of 21 Mt CO,, at a cost of
just under £60/t CO..

¢ Around nine million properties with gardens could be fitted with ground source heat
pumps with an associated emissions reduction of 3 Mt CO, at a cost of £190/t CO,.
There may be additional opportunities for emissions reduction from air source heat
pumps, particularly where space constraints preclude ground source heat pumps.

e CHP could deliver just over 1 Mt CO, by 2020 at a cost of over £250/t CO, in larger
and older homes with high heat demands. District heating schemes have the
potential to save over 5 Mt CO, by 2022. This would be delivered by retrofitting over
3,800 urban areas with district heating schemes.

2.2. Business and Industry

The business and industry models include far more measures than those in the domestic
sector, and the contribution of each measure commensurately smaller. As a result it is
difficult to identify the contribution of specific measures as we do with the domestic sector.

Overall business and industry has a theoretical potential to reduce emissions by just over 50
MtCO,. Of this most (around 33 MtCO,) comes from non-residential buildings, with a further
11 MtCO, from industry and 8 MtCO, from the potential for CHP.

2.2.1.Non-domestic Buildings

Non-domestic buildings could reduce emissions by as much as 33 MtCO, in total. Around
14MtCO. is available at a cost of below £40/tCO,. As with residential property, the largest
contribution to emissions reduction potential in non-domestic buildings comes from low
carbon heat and microgeneration (18 MtCO, in total).

However much of this is relatively expensive. Although biomass boilers are below the
£40/tCO, threshold, the remaining technologies are likely to cost in excess of £200/tCO,.
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Figure 3: Technical potential in the Non-Domestic Sector
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However there is a very significant contribution from improved energy management. These
measures include turning monitors off at night, or adjusting heating times or adding improved
controls to lights. These measures are almost entirely low cost measures with the potential
to save over £800m per year for firms with very little (if any) up front expenditure. They could
save over 8 MtCO, per year.

2.2.2.Industry

The industry model — ENUSIM — suggests industry has the potential to reduce emission by
11 MtCO,. Of this just over 7 MtCO, is available at a cost of £40/tCO, or less.
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Figure 4: Technical potential in Industry
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The number of technologies (over 1,000), and the structure of the models mean we cannot
disaggregate the abatement potential by different types of technology. ENUSIM itself
contains a variety of measures, all of which contribute to the potential identified in the
MACC. These measures include:
¢ Improvements in efficiency in the use of electricity through multiple enhancements to
electrical machinery
¢ Improvements in efficiency of heat generation, insulation and heat recovery. These
improvements can be achieved either within existing plants via incremental
improvement or as part of investment in new plant.
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2.2.3.Combined Heat and Power

The CCC models suggest that emissions can theoretically be reduced by up to 8 MtCO,,
with around 5 MtCO, available at less than £40/tCO..
Figure 5: Technical potential in Combined Heat and Power
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This result is very sensitive to assumptions on the use of excess steam (the steam
generated in excess of the demand for steam on a specific site). The MACC model assumes
that this steam is not used — which is a conservative assumption, but also reflects the lack of
development in markets for heat and steam.
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3. MODELLING BARRIERS: THE PRIVATE PERSPECTIVE

The CCC’s modelling of costs and technical abat
social costs’. This means ounesusedloykKRIdinbuildieg act ual
and installing measures — whether that cost is the cost of raw materials used or the labour

needed to install a measure.

In this way what we look at is what is the best set of measures for the country as a whole.
But that is not necessarily what is good for any one individual. There are important
di fferences between ‘social costs’ and the incen

e The ‘discount rate’ used in the model*ling i
(3.5%). The discountrat e r ef ers to soci et ybutaconverehter enc e s
analogy is the interest rate on a loan.

e Fuel costs reflect the marginal resource costs of generating electricity or distributing
other fuels. This is the true resource saving of consuming one unit less/more of
energy. It does not include certain costs or taxes.

This analysis is important since it provides — on a technical level — a guide to the scope for
action, as well as an idea of which measures will be best for the UK as a whole.

However, the CCC also needs to consider the barriers to action and the scope for policy
tools to overcome those barriers; and ultimately how much potential can realistically be
delivered. This is essential in the assessment of whether the proposed carbon budgets are
achievable.

There is a large literature looking at the economic and social aspects of barriers to action on
climate change. A lot of this is focused on the domestic sector, but in many cases these
barriers also apply to business. NERA® provided a useful summary of these barriers in
relation to the household sector.

“l'a ¢NBI adz2NE WeKS DNBESyYy . 221Y ! LIINI A&l € FYR 9@ fdzl GA2
> NERA Economic Consulting (2007) Evaluationof Supplier Obligation Policy Options: Report for DTl and Defra
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BoxI: NERA' s cl assification of barriers t

o

A

>

>

>

>

>

>

Basic financial barriers: These include the potentially higher upfront costs
of energy efficiency products, e.g. cavity wall insulation, and the interest rates
available to households

Hidden costs: These include ‘transaction
reputable providers, time costs of disruption, and the costs of differences in
quality of product or service. Many of these hidden costs are related to the
cost of acquiring information about, for example suppliers.

Lack of information: From a rational choice model of human behaviour if
households do not know their level of energy expenditure, how energy can be
reduced, by how much, or at what cost, they are unlikely to consider
investment in energy efficiency. However although information provision is
often necessary it is rarely sufficient in itself to encourage behaviour change.

Risks and uncertainty: Uncertainty about future energy prices can deter
households from investing since they cannot be assured of further savings.
Households may also be wary of the risk associated with unfamiliar products.

Poorly aligned incentives: The most commonly cited barrier of this kind is

the ‘' ltasmmdddmtr'd spl it whereby |l andl o

efficiency measures because their tenants pay the energy bills or conversely
tenants have no incentive to reduce their energy use as their landlord foots
the bill.

Psychological/sociological barriers: These include a range of less tangible
barriers that do not conform to a
This may include inertia in decision making or basing decisions on habit or a
wish not to be perceived as the only one adopting a new technology - * |
you wil "’ mentality.

Regulatory barriers: There are also regulatory barriers that have been
identified which relate specifically to the regulatory framework within the UK
which can make it more difficult for certain households to benefit from or
consider energy efficient measures.

W

energy

A common approach used in economics is to try to quantify the barriers and explicitly model

consumer

s  pAppdichtiens efnstated preference approaches in the low carbon

technology area have been used to ask through structured surveys how much people value
the time or disruption caused by installing a measure, or the time spent looking for
information about the right technology for them.
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The CCC’s models were used to try to replicate
particular we tested:

a. The fuel price paid by private consumers will reflect taxes and other costs. This
means the price paid by the consumer will inevitably be higher than the marginal
resource cost.

b. High discount rates — These can proxy several of the barriers above:
i. Financial constraints — it may be expensive to take out a loan the value
oftheal ternative use of a household’” s inc
for low income households)
ii. Risk and uncertainty — Generally a higher risk requires a higher return to
compensate the investor
iii. Other barriers — In particular owners of houses may not expect to be in
the same home indefinitely — and therefore will require the investment to
pay back in a shorter period than the life of the measure.
c. Hidden and missing costs — There are costs that can be imposed on
consumers, such as having to be at home when an engineer calls, or the cost of
searching for information and other *hassl
by Enviros® and updated for the CCC by AEA.

Tables 2 and 3 provide an assessment of the cost effectiveness of emissions reduction
under different assumptions on fuel costs, discount rates and hidden and missing costs.

Table 2: Sensitivity Tests for Buildings Models

Scenario Private Discount Hidden and Domestic Non-
Costs? Rate Missing Cost Domestic
Costs? Effective Cost
Potential Effective
Potential
No 3.5% No 22 11

FriVate costs Yes 3.5% No 64 15
only
Private
. . Yes 10% No 22 14
incentives

Yes 10% Yes 20 14
Full privat
ull private Yes 25% Yes 13 14
Incentive

Yes 100% Yes 11 9

Table 2 shows the impact of the assumptions in the buildings sector. Cost effectiveness of
emissions reduction is relatively insensitive to these assumptions. The only significant
change is in the domestic sector, where the higher private fuel prices mean two significant

® Enviros (2006) Review and development of carbon dioxide abatement curves for available
technologies as part of the Energy Efficiency Innovation Review
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technologies — solid wall insulation and biomass boilers — become cost effective over their
lifetime. However when a shorter pay back (higher discount rate) is applied, these once
again become not cost effective.

However the table also shows even using high end estimates of hidden and missing costs,
there is significant potential to reduce emissions using technologies that will pay back in less
than a year (100% discount rate). Almost 11 MtCO, of abatement in the domestic sector and
9 MtCO; in the non-domestic has this high rate of return. From an economic sense these
technologies should be very attractive to even the most constrained firm or individual.

The analysis of industry presents a slightly more confusing picture because of the nature of
the model. ENUSIM creates its own baseline — attempting to forecast how firms will behave
by assuming any technology which is cost effective will slowly be taken up by firms. For this
reason ENUSIM itself uses private fuel prices and a 10% discount rate to reflect the
incentives faced by firms. The results are subsequently adjusted to provide the social
MACCs used by CCC.

As a result of this modelling structure, changing discount rates has two effects:

e Increasing the discount rate used in ENUSIM will result in less cost effective
technologies, and therefore the model will assume less abatement happens in the
baseline. This means total potential for emissions reduction will increase.

e However since the discount rate increases, the cost of investment rises and therefore
the cost effective potential to further reduce emission will fall.

Table 3 below highlights these two impacts.

Table 3: Sensitivity Tests on Industry Model

Discount rate assumed in 10% 100%
ENUSIM

Discount Hidden & | Potential at | Potential at Total Potential at | Potential at Total
prices rate missing £0/tCO- £40/tCO> Potential £0/tCO3 £40/tCO> Potential
costs
3.5% No 6 6 5 5
3.5% No 6 7 6 6
10% No 6 7 5 6 13
Private 10% Yes 5 5 10 4 4
25% Yes 4 4 4 4
100% Yes 3 3 3 3

The results from ENUSIM are proportionally more sensitive to the assumptions made —
particularly to hidden and missing costs. However again, even when wider costs are
included in the modelling, some technologies that will reduce emissions by almost 3 MtCO,
would also give a financial return in under a year.
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The fact that such potential remains in all sectors suggests wider barriers are also important.
It again supports the idea that it is unrealistic to simply take the technical MACC as an
indication or realistic emissions reduction potential by 2022.
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4. WIDER EVIDENCE ON BARRIERS AND DELIVERING
ABATEMENT POTENTIAL

The MACC modelling suggests that there is something more than the observable financial
incentives driving the behaviour of consumers and firms. We need to look beyond simple
economic theory and look at the barriers that stop people taking up measures that in many
cases will save them money.

The NERA classifications (above) also suggest that the barriers are not purely relating to
market failures. Non-market barriers relating to the way that people behave, process
information and take decisions can all be important. Inertia and the influence of social norms
can also lead to slow up take of various measures. More information on the complex drivers
of behaviour can be foundint he CCC Techni cal Appendi X
Not e’

The CCC had to assess the scale of the barriers and the extent to which they could be
overcome in order to make an assessment of what could realistically be achieved. Our
assessment was based on a variety of approaches which are outlined in this section.

e Some models have more recently started to use more sophisticated economic
approaches to model consumer preferences and behaviour (rather than financial
incentives).

e There is extensive evidence from social research on the barriers and motivators to
action on climate change issues and beyond. This is covered in more detail in the
Social Research Background Note, but the conclusions are summarised below.

e Existing policies announced by Government give important insight into what can be
achieved, and the strength of the policy levers available to deliver emissions
reduction. This provides information on the scope for delivering emissions reduction,
and the certainty with which it might be delivered.

4.1. Wider economic approaches

Estimates of hidden and missing costs attempt to capture costs that are not directly related
to the installation of a measure. Some of these place a financial values on costs such as
time, but generally reflect real costs a consumer faces. However it is possible to look at
wider barriers using techniques which focus on consumer preferences.

Element Energy developed such a model when looking at microgeneration’. The approach
taken allows some consideration of wider barriers. For example they take account of the fact
that many people are more likely to install a technology once they see it in action — and once
it has become more accepted or common place in society. Thus there is significant inertia in

’ Element Energy (2008) The GrowttPotential for Microgeneration in England and Walses
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early years for some technologies, but as more take up the technology, this barriers
declines.

El ement Energy have used various techniques to

and as such it is a similar (though perhaps more wide ran gi n g) approach
MACC modelling. It has the advantage of being able to more explicitly model the willingness
of consumers to take up technologies given different levels of subsidy.

This type of modelling is again very useful in considering the scale of barriers to emissions
reduction. The Energy Saving Trust commissioned a modelling exercise to look at this
potential on behalf of CCC. This exercise was used to help define the realistic scenarios for
microgeneration and some renewable heat measures.

However — as with the MACC modelling — it is not able to take account of policy actions that
change preferences. For example, an effective advertising campaign could make a
technology more accepted and therefore overcome some of the inertia described above. To
look consider these impacts we have to look beyond the economic approaches which
guantify and value impacts

4.2. Evidence from Social Research

The full evidence considered here is covered in't h e CCC Technical
Research Background Note’ hut it is worth summarising some of the key conclusions that
we took from this evidence:

i. The vast majority of people have some awareness of and concern about
climate change

ii. However there is often a disconnect between this awareness and
behaviour to mitigate climate change

iii. Few people are prepared to voluntarily make radical lifestyle changes to
reduce their carbon footprint

iv. But many would be prepared to change in a way that does not unduly
disrupt their current lifestyle

The conclusions of this research is encouraging since it suggests, whilst emissions
reductions represent a significant challenge, with the appropriate mix of policies the majority
of households are willing and able to take some action, particularly some of the easier
measures such as cavity wall insulation.

The evidence from social research is rich in qualitative data which has explored attitudes
and other drivers of consumers behaviours such as habit and social norms, rather than
specifying quantitative estimates of what could be achieved and how. Defra have been
undertaking further development work, based on their environmental segmentation model® to
provide estimates of what proportion of potential could realistically be achieved under
different scenarios. The CCC drew upon the emerging evidence from this work and wider
social research literature to support our assessment of realistic potential.

® Defra (2008) A Framework for PrEnvironmental Behaviours
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4.3. Implications of Government policy

The evidence from theory and modelling is useful to assess the scope for emissions
reduction from energy use. It is important since it sets the ideal — a target to be achieved.
However ultimately it will be for policy to deliver this abatement potential.

There are already a number of important policies in development in this area. In many cases
they provide a much more detailed assessment of what specific interventions might achieve
— and thus provide important insights into what is realistically achievable.

4.3.1.Supplier Obligation

The Supplier Obligation requires energy suppliers to achieve targets for reducing carbon
emissions from households, with a particular focus on energy efficiency improvements. An
obligation of this sort has been in place for a number of years, with the current version of the
scheme (known as the Carbon Emissions Reduction Target — CERT) running from 2008 to
2011.

The 2007 Energy White Paper announced a continuation of this scheme to 2020. The
precise definitions of the future supplier obligation are still being assessed, and the scheme
is due to be consulted on shortly. However there have already been some assessments of
what might be delivered, as shown in Table 4.

Table 4: lllustrative mix of emissions reduction from the Supplier Obligation

Carbon Savings
m [MtCOszlyear) Number Installediother comments

This equates fo: 5.1m cavity wall insulations (all

Insulation 4 technical potential) plus around 500,000 loft top
ups from <100mm depth

Lights and Appliances 3

. This represents roughly 2.5% of all domestic

W na 4 carbon emissions (from electricity, gas, il and
salid fuel)
450,000 installations. The technically feasible

Fuel Switching 2 estimate is around 3.3 MICOyr or 760,000
installations

1.8m installations predominantty Micro CHP and
Microgeneration 1 solar thermal, but also significant numbers of
heat pumps and community biomass

Total 13

Source: DECC

Whilst precise details may be uncertain, there is an expectation (given past experience of
these schemes), that future supplier obligations will lead to all cavity walls being filled, and
the majority of lofts insulated to a standard of at least 270mm by 2020 (if not before). In
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addition, the policy expects to make substantial savings with suppliers incentivising lifestyle
changes that save up to 4 MtCO, by 2020.

In light of the evidence available, CCC believe that the supplier obligation will deliver these
easier insulation measures, and has the potential to deliver lifestyle change®. We have
therefore incorporated these into our assessment of realistic potential.

However the CCC also notes that while obligations on suppliers have been successful in
meeting targets to date, this will be increasingly difficult going forward as the types of
measures required become more expensive and difficult (e.g. solid wall insulation). This
presents a risk and the effectiveness of the Supplier Obligation and other policies such as
EPCs is therefore one of the areas that the Committee intends to look at in more detail in the
coming year.

4.3.2.Renewable Heat

The draft UK Renewable Energy Strategy (RES) set out a strategy for the UK to meet its
share of the EU’ s gy2digdt This suggests thatel5%eof WKrenergy must
be generated from renewable sources by 2020.

The draft RES set out various scenarios which would lead to up to 14% of heat coming from
renewable sources. This would be derived from a variety of sources, including biomass,
solar and heat pump technologies.

To achieve this level of renewable heat is a challenging ambition. Evidence from both social
research and modelling by Element Energy suggest that large scale take of renewable heat
technologies will be difficult before 2020 — and will require not only subsidy but a wide range
of policies to overcome the many barriers to action. However the Committee believes this
ambition is appropriate to encourage innovation and reduce costs of technologies that may
be increasingly important in the future. For this reason we have used the draft RES to define
realistic potential in the Extended Ambition scenario.

The draft RES is based on a very detailed level of analysis specific to renewable heat. It
considers for example different levels of heat load and a wide variety of technologies at a

l evel of detail that is difficult to replicate i
conservative:
a The CCC's modelling does not i nclriicdege s o me

all biomass heat was assumed to come from biomass boilers. To the extent that
biomass may be uses in CHP plant, this will tend to under-estimate potential
savings;

b. We have not included biogas as an abatement option (although this is briefly
covered in other chapters);

c. Industrial heat is modelled as coming from commercial buildings. In practice there
is scope for biomass to be used in industrial processes.

? Lifestyle change refers to small changes in our use of energy, such as turning down thermostats or switching
off lights.
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As a result the contribution of renewable heat to carbon budgets is modelled as 14-15
MtCO, in 2020. This compares to an estimated 24 MtCO, in the draft RES.

4.3.3.Business Policy

There are a wide range of policies and regulations that affect business sectors and
encourage lower emissions and greater energy efficiency. Three were of particular
importance to the CCC when assessing what could be realistically achieved:

- The EU ETS — The European emissions trading scheme covers sectors which
are collectively responsible for aBynost h ¢
limiting the number of emissions allowances for the EU as a whole, the scheme
caps emissions. Allowing companies to buy and sell these allowances means
that emission cuts can be achieved at least cost.

- Climate Change Agreements — Agreements between the Government and
particular sectors to reduce emissions from specific processes, in return for a
reduction in the Climate Change Levy;

- The Carbon Reduction Commitment — A trading scheme that will be introduced in
2010 covering UK firms which consume more than 6,000 MWh of energy. From
2013 emissions from these firms will be capped, with participants being required
to purchase allocations to cover their CO, emissions from energy (through an
auction process or subsequently through trading between firms).

These policies place binding constraints on the emissions of particular business sectors.
They cover 95% of industrial emissions, and so are important tools to ensure the delivery
emissions reductions. If the constraints are set at the right level, then we can expect all of
the technical abatement potential to be delivered in these sectors.

Emissions reduction from businesses that are not covered by these three policies are less
certain. Achieving these reductions may require new policy levers applied to small business
and small organisation sectors where in the past there has been very little policy focus.
There are various means by which incentives could be strengthened, from providing
information and grants, to including small firms in the Supplier Obligation, to designing a
tailored scheme. The Committee recommended that the government consider a wider range
of policy options in these sectors; the Committee intends itself to look more closely at these
policy options in future work.
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5. FEASIBLE POTENTIAL AND SCENARIO RESULTS

The CCC used the evidence outlined in the previous section to assess the realistic level of
emissions reduction that could be achieved in each sector by 2022. The approach to this
varies by sector. In the domestic sector, the limited number of technologies and the wider
evidence base allowed an assessment of potential for each technology. However the
business sectors required a more generic approach to quantifying realistic potential.

5.1. Realistic potential in the domestic sector

The table below provides details of the assumptions used in generating realistic potential in
the domestic sector. It provides an assessment of technical and realistic potential, as well as
providing a brief description of the evidence which was used to generate the assumptions.

Table 5: Realistic Abatement Potential by 2022 in the Domestic Model

Current Ambition Extended Ambition

Technical . .
Scenario Scenario

Potential
in 2022 o Potential o Potential
(MtCO,) 0 (MtCO,) 0 (MtCO,)

Measure Evidence base

Evidence from the Supplier
Obligation, Defra research and

2 100% 2 100% 2 views of the supply industry
suggest almost all cavity walls

will have been filled by 2022

Cavity Wall
Insulation

Current ambition based on
emerging evidence using
D e f rsagmentation models.
Solid Wall 13 6% 1 10% 1 Extend_ed amk_Jition took account
Insulation of wider evidence from the
supplier industry and
assessment of policy

instruments by CCC.

Evidence from the Supplier
Obligation, together with the
views of industry suggest most
loft insulation will have been
Loft. 1 20-100% 1 20-100% 1 installed. The exception is
Insulation where loft already have a
significant amount of insulation
(greater than 100mm), where
lower cost effectiveness may
make up take harder to achieve

Based on emerging evidence
using Defra’s
3 15-75% 1 20-100% 1 models. Where evidence was
limited, CCC took a cautious
assessment of potential

Other
Insulation
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Glazing
(upgrade to
efficiency)

Early
replacement
of boilers

Other
Heating

Appliances

Behavioural
Measures

Photovoltaic
Generation

Micro Wind
Turbines

Mini Wind
Turbines

Micro CHP

Solar Water
Heating

Residential
Biomass

20

22

6%

0%

0-50%

25-69%

12-30%

1%

2%

12%

0%

0%

1%

13%

20%

20-50%

40-85%

37-80%

3%

4%

19%

0%

88%

33%

28

Based on emerging evidence
using Defra’s
models

Limited evidence, but given cost
effectiveness may be some
scope for early replacement of
older boilers. Assumes all
boilers will be replaced with
efficient condensing boilers at
the end of their lifetime.

Limited evidence. Relatively
simple measures (e.g. insulating
hot water cylinders) suggest
scope for higher take up. Has
limited impact on overall
assessment of potential

Based on scenarios from the
Market Transformation Project.
Current ambition is based on

CP1° scenari o,
existing government ambition.
Extended Ambition is based on

Earliest Best Practice scenarios.

Current ambition is based on
emerging evidence from Defra
research. Extended ambition
assumes the behaviour change
indicated by the Supplier
Obligation is delivered

Based on modelling by Element
Energy

Based on modelling by Element
Energy

Based on modelling by Element
Energy

Based on modelling by Element
Energy

Current ambition based on
modelling by Element Energy.
Extended ambition scenario is
calibrated to deliver the level of
renewable energy outlined in

the draft UK Renewable Energy
Strategy

Current ambition based on
modelling by Element Energy.
Extended ambition scenario is
calibrated to deliver the level of
renewable energy outlined in

the draft UK Renewable Energy
Strategy



Current ambition based on
modelling by Element Energy.
Extended ambition scenario is
Heat Pumps 2 8% 0 10% 0 calibrated to deliver the level of
renewable energy outlined in
the draft UK Renewable Energy

Strategy
DIStr'ICt 6 1% 0 1% 0 Based on OCC quelllng for
Heating Heat call for evidence
Total 102 11 31

*Numbers may not sum due to rounding
**Eigures are for all measures in 2022 (regardless of cost) and are not directly comparable to
the figures published in the CCC’'s report.

Source: CCC

5.2. Realistic potential in business sectors

Modelling of emissions reduction potential in non-domestic buildings and industry differs
from the domestic sector. There is vastly more variation — reflected in over 1,000
technologies captured by the industry model — and there is significantly less quantifiable
evidence on the impact of barriers to investment.

The greater focus on financial incentives has often lead to MAC modelling looking at hidden
and missing costs but as section 4 outlines, this is not enough to explain why some energy
efficiency measures have not already been taken up.

These differences mean it is unrealistic to develop technology specific assumptions.
However the policy framework provides an alternative approach. In particular there are
binding policies levers — tools which government can set binding caps or targets. In this
sense it is possible for government to deliver all of the abatement potential from firms
covered by these policies by ensuring the cap or target is appropriate.

A emissions reduction worth a total of around 23 MtCO, is estimated to be covered by these
policies. Of this around 9 MtCO, is available at a cost below £40/t CO,. All of this potential is
assumed to be realistically achievable if the policy instruments are used effectively.
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Table 6: Emissions reduction potential covered by binding policy levers

Technical Realistic
Potential Potential

Process Efficiency o 1]

Energy Management 4 3

Energy Efficiency (incl. 5 1

insulation)

Lights and Appliances 1 4]

Renewable heat and 8 0-1
microgenerafion
CHP -] 1
Industry T 4

Source: CCC

This leaves emissions reduction potential of 22 MtCO, which is not covered by such binding
policies. There is very limited quantified evidence to consider what is realistically achievable
from these firms. In some senses, the greater focus on financial motivations in business
should make it easier to drive take up of measures than in the domestic sector. However
non-financial barriers remain and will need to be overcome to drive significant take up in this
sector.

The degree of uncertainty and lack of evidence has meant we have used a wide range. In
the worst case, problems such as the number and diversity of firms prevent effective policy
action and therefore none of the abatement potential is delivered. This forms the Current
Ambition scenario.

The Extended Ambition scenario is more optimistic, assuming that policies can be developed
to support energy efficiency in these firms. In this case 90% of the abatement potential is
assumed to be delivered.

The challenge of delivering this abatement potential is hot a simple one. It will require new
policy levers applied to small business sectors where in the past there has been very little
policy focus. However the benefits of such a policy could be substantial both financially and
in carbon abatement. Achieving all of the realistic potential would save these firms around
£500m per year. The Committee recommends in its report government consider a wider
range of policy options in these sectors. The Committee itself will look more closely at these
options in future work.
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Table 7: Emissions reduction potential covered by non-binding policy levers

Technical Realistic
Potential Potential

Process Efficiency =05 =05

Energy Management 4 o-3

Energy Efficiency {incl. 3 D-1

insulation)

Lights and Appliances 1 =0.5

Renewable heat and 10 D-1
microgeneration

Induestry 3 o-2

Source: CCC

As with the domestic sector, renewable heat is assumed to deliver in line with the
assumptions in the draft RES.

5.3. Combined Heat and Power (CHP)

Commercial and industrial CHP was treated differently from other business measures.
During the course of discussions with stakeholders it was one measure where the barrier to
action was very clearly identified. That barrier is the riskiness — or perception of riskiness —
of the project.

The risks around CHP come from two elements:

e The economics of CHP are highly sensitive to fuel prices, and particularly the
relative price of gas and electricity. Both are highly uncertain and in recent years
have shown volatility which presents a risk that in the future prices will be such
that the plant is not economic to run;

e Many of the firms likely to install CHP do not have energy as a core part of their
business. As such they do not have the in-house expertise to understand and
manage CHP plant. This presents a further risk — or at the very least a perception
of risk — to the firm.

The higher risk of CHP can be effectively modelled in MAC models through raising the
discount rate — equivalent to increasing the return on investment required by the firm to
compensate for the higher risk. It is also one of the few models which is sensitive to such a
change since there is a large amount of potential that provides only marginal returns (see
Figure 5). Even from a social perspective, around 2 MtCO, makes a return of less than
£20/tCOs,.
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The approach to realistic potential attempts to reflect these issues with risk and assumes
that only projects that have a private return in excess of 25% would realistically go ahead.
This traditionally represents a very high rate of return for business compared to alternative
investments.

The result of this high discount rate is to reduce emissions reduction potential from 8 MtCO,
to 1 MtCO,. This is a substantial reduction, and it is possible that with the right policy levers
(e.g. providing greater information and certainty in the market) may reduce the required
return, and therefore unlock more potential. For this reason the CCC intend to look more
closely at CHP over the coming year.
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6. CONCLUSIONS

The CCC considered a wide range of evidence in developing its models and assessment of
emissions reduction potential from buildings and industry. The conclusions in a technical
sense are consistent with much of the research that precedes our analysis.

At least on a technical level there is significant potential for emissions reduction from greater

energy efficiency, |l ow carbon heat and small c h.
for double counting, it is likely this potential exceeds 100 MtCO, — which is around one third

of forecast emissions in 2022.

The barriers and difficulties in delivering abatement are also well documented, and it must
also be recognised that some of these measures are not attractive from a cost effectiveness
perspective. However the evidence considered by the Committee suggests that there is still
scope for up to 50 MtCO, to be delivered. And this is on top of carbon savings from the
decarbonisation of electricity.

Table 8: Emissions Reduction Potential from Energy Use in Buildings and Industry (MtCO,)

Technical Current Extended Stretch
Potential Ambition Ambition Ambition
Residential 105 13 29 3z

Non-Residential Buildings 33 5 11 11
Industry 11 4 3] 5]
CHP -] 1 1 1
Total 152 23 47 50

Source: CCC

The CCC’ SBuildirg@tow-tarbon economy - the UK's contribution to tackling climate
¢ h a ngmrludes:

A The Current Ambition scenario includes energy efficiency improvement and
abatement in homes and in businesses covered by binding policy levers but with very
limited levels of microgeneration. This scenario delivers almost 23 MtCO,

A The Extended Ambition scenario also includes the emissions reduction expected to
result from delivering the draft RES as well as emissions reduction from lifestyle
measures in the residential sector, and emission reduction from those non-residential
and industrial sectors not currently covered by binding policy levers. This increases
the emissions reduction potential to over 47 MtCO,

A The Stretch Ambition scenario adds increased up take of solid wall insulation and
delivers around 50 MtCO..
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