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TECHNICAL APPENDIX 

To inform the setting of carbon budgets, the Committee on Climate Change (CCC) 

undertook a range of reference CO2 emission projections. Reference emissions represent 

scenarios against which the UK would need to improve emissions performance to meet 

carbon budgets. To reflect the range of uncertainty going forward, a number of scenarios 

were conducted across two alternative models – the Department of Energy and Climate 

Change (DECC) Energy Demand and Emissions model, and Cambridge Econometrics’ 

MDM-E3 model. Further scenarios looking at the impact of a quantitative target for 

renewables in electricity generation and a carbon price, were also conducted. 
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EXECUTIVE SUMMARY 

To inform the setting of carbon budgets, the Committee on Climate Change (CCC) 

undertook a range of reference CO2 emission projections. Reference emissions represent 

scenarios against which the UK would need to improve emissions performance to meet 

carbon budgets. To reflect the range of uncertainty going forward, a number of scenarios 

were conducted across two alternative models – the Department of Energy and Climate 

Change (DECC) Energy Demand and Emissions model, and Cambridge Econometrics’ (CE) 

MDM-E3 model. Further scenarios looking at the impact of a quantitative target for 

renewables in electricity generation and a carbon price, were also conducted. 

Both models are similar in that they take high level assumptions about future activity (i.e. 

GDP growth), demographic change and wholesale fuel prices to project future energy 

demand and emissions. However, they are distinct in using different drivers and parameter 

values in their econometric demand equations. For the CCC projections, key inputs such as 

GDP growth and fossil fuel prices were harmonised across the models in order to provide a 

set of reference projections from now out to 2022. 

The CCC carbon budget proposals have been presented around a ‘central’ reference 

emissions projection and associated emissions reduction potential. Therefore, insofar as the 

outlook for emissions in a reference-type scenario is different, this could represent a risk 

from the perspective of meeting carbon budgets. Aside from the financial implications of 

allowance purchases, differences in the outlook for sectors covered by the EU ETS may not 

be problematic. However, any divergence in the outlook for emissions from the non-traded 

sector can highlight any potential risks in meeting a given CO2 budget.  

 Under a given set of fossil fuel prices, without further policies and in the absence of a 

carbon price, energy demand and CO2 emissions in a reference scenario are higher 

in Cambridge Econometrics’ MDM-E3 model.  

 Under central prices emissions are around 65 MtCO2 higher in MDM-E3 than DECC, 

by 2020. The majority of this ‘gap’ is within electricity generation (40 MtCO2), which is 

covered by the EU Emissions Trading Scheme (EU ETS). Emissions in industry 

(around ¾ of which is covered by the EU ETS) and services are around 14 MtCO2 

higher, and road transport emissions are around 15 MtCO2 higher in MDM-E3.  

 Offsetting some of this increase are direct emissions from the residential sector, 

which by 2020 are projected to be nearly 7 MtCO2 lower in MDM-E3 than in the 

DECC model in the central scenario. 

 Emissions from power are higher in MDM-E3 due to the significant increase in coal 

generation (up to 60% of generation compared with less than 30% in DECC). 

However, when a carbon price is applied (as in the EU ETS), combined with a 

quantitative target for renewables in electricity generation, this gap is closed. 

 Total non-traded sector emissions could be 9 MtCO2 higher by 2020 if the central 

scenario in the MDM-E3 model prevailed. Under low prices, emissions could be 

between 5-20 MtCO2 higher than anticipated in the central DECC scenario. 
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Conversely, if high-high prices prevailed, non-traded emissions in the DECC model 

could be 12 MtCO2 lower than anticipated in the central, and 10 MtCO2 lower in the 

MDM-E3 model.  

INTRODUCTION  AND PURPOSE OF THE PROJECTIONS 

To inform the setting of carbon budgets the CCC undertook a range of reference projections 

in the DECC Energy and Emissions Model  The projections represent scenarios against 

which the UK would need to improve emissions performance to meet carbon budgets. The 

difference between reference emissions and proposed carbon budgets determines the scale 

of the challenge faced. 

Given the range of uncertainty around projecting energy demand and CO2 emissions, the 

CCC also commissioned Cambridge Econometrics (CE) to produce an additional set of 

reference projections, in order to glean the projection range in an alternative model. In order 

to produce a benchmark against the DECC model, the key exogenous inputs (such as GDP 

growth and fossil fuel prices) were harmonised.  

The DECC Energy and Emissions Model and the MDM-E3 model from Cambridge 

Econometrics (CE) use econometric techniques to project future energy demand and CO2 

emissions. The DECC model is a partial equilibrium model of the whole energy sector – 

capturing feedbacks between electricity demand and the electricity price. However, unlike 

CE’s MDM-E3 model, which is a fully integrated energy-environment-economy model, it 

does not capture the impact of changes in energy prices and demand on economic factors, 

and the subsequent feedbacks.   However, the impact from changes in the economic factors 

in the projections from CE’s MDM-E3 model has been subdued as broad macro economic 

activity has been calibrated to forecasts made in the 2008 Budget report.  

The reference emissions projections from the DECC model are set out in more detail in a 

separate technical paper on the CCC website,1 alongside further detailed papers on model 

and equation structure.2 CE’s MDM-E3 model reference projections are also described in 

more detail in the CE report, in addition to the results of the macro-economic modelling 

undertaken,3 and a short technical description of the model is also available4. However, in 

this paper we provide a brief introduction to the models and the key inputs underlying the 

CCC reference projections, followed by a comparison of the key outputs of energy and 

                                                
1
 CCC, The Committee on Climate Change reference emissions projections, (December 2008), 

www.theccc.org.uk 
2
 Oxford Economics (2008) Review of the BERR Energy Demand Model, (2008) Estimation of 

households demand for gas and electricity, (2008), Re-estimation of the BERR Energy Demand 
Model (2008) all published on the CCC website www.theccc.org.uk 
3
 Cambridge Econometrics, Projections of UK CO2 emissions and assessment of the economic 

impacts of carbon budgets, (2008), www.theccc.org.uk 
4
 Cambridge Econometrics, MDM-E3: A short technical description (March 2007), 

http://www.camecon.com/suite_economic_models/MDM_WorkingPaper.pdf 

http://www.theccc.org.uk/
http://www.theccc.org.uk/
http://www.theccc.org.uk/
http://www.camecon.com/suite_economic_models/MDM_WorkingPaper.pdf
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emissions to 2022.5 We explain the reasons for any differences and provide some reflection 

on the implications for carbon budgets.  

MODEL OVERVIEW  

Both models are similar in that they take assumptions about future economic activity, 

demographic change and wholesale fuel prices to project future energy demand and 

emissions. They differ insofar as they use different drivers in their econometric equations, 

and have different parameter values (such as the elasticity of demand with respect to price) 

due to different estimation techniques (such as time period or method employed). Table 1 

below sets out some key information points on both.  

Table 1. Key aspects of the DECC Energy & Emissions Model and Cambridge 

Econometrics MDM-E3 

  DECC CE - MDM-E3 

Type 

Econometric model of UK energy system, 
with partial feedbacks between electricity 
demand and price. No macroeconomic 

feedbacks. 

Integrated energy, environment and economy 
model, capturing feedback effects between 
sectors and the impact of changes in the 

energy system on macroeconomic indicators 

History 
and use 

First developed 1970s, used to inform UK 
energy & environment policy, and represent 
the official Government projections for the 

UK. Projection period 2005-2022. 

First used late 80s, developed and maintained 
by Cambridge Econometrics. Projection period 

2005-2020 extended to 2030 for CCC 
purposes. CE publish bi-annual independent 

energy and emissions projections.  

Coverage 

Covers all energy including final 
consumptions and electricity generation, 

and all CO2 emissions in the NAEI as well 
as international aviation (bunker fuels 

basis) and Land Use Change. Excludes 
emissions from Overseas Territories. Also 

covers Sulphur Dioxide and Nitrogen 
oxides 

Covers the entire UK energy system and all 
CO2 emissions in the NAEI as well as 

international aviation and shipping (bunker 
fuels basis); except Land Use change. Also 
covers other gases, 14 air emissions in total 

including the six greenhouse gases covered by 
the Kyoto Protocol 

Key 
inputs: 

    

GDP 

The latest Government (HMT Budget or 
PBR) forecasts. For the CCC projections, 
growth assumptions consistent with those 

in the Budget 2008 (March) were used. 

CE’s own GDP forecasts from their bi-annual 
macroeconomic forecasting report. For the 

CCC projections, growth assumptions 
consistent with those in the Budget 2008 

(March) were used. 

Population 
Household growth consistent with the latest 
ONS population projections. (2006-based 

projections for the CCC projections) 

ONS population projections (2006-based for 
the CCC projections) 

Fossil fuel 
prices 

DECC's bi-annual fossil fuel price 
assumptions for UK annual average 

wholesale oil, gas and coal. The latest (May 
2008) DECC projections used for the CCC 

projections 

CE’s own forecasts. For the CCC projections 
the latest DECC (May 2008) projections for 
wholesale UK oil, gas and coal were used.  

 Source: DECC, Cambridge Econometrics Note: For the projection presented in this paper, inputs such as GDP and fossil fuel 

prices were harmonised across the two models. 

                                                
5
 The CE projections presented here are not those published independently by CE on a bi-annual 

basis and do not represent any official CE projection. They were conducted on behalf of the CCC 
using independent input assumptions.  
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We explored a number of scenarios for the reference projections, and in this paper we set 

out the four variants as listed in Table 1, below. In each projection we varied the fossil fuel 

price assumptions, whilst using a consistent (central) set of activity indicators, where 

possible. (Note - the names given in Table 2 denotes the projections as they will be 

presented throughout this paper – i.e. REF1 is central fuel prices, and so on). 

Table 2. List of reference projections explored in the DECC and Cambridge models  

Name 

Activity 
assumptions (e.g. 

GDP growth) 
Fossil fuel prices Policy assumptions 

REF1 central central 
As in the baseline to 2007 Energy 

White Paper. No carbon price 

REF2 central high as above 

REF3 central high-high  as above 

REF5 central low as above 
Source: CCC  

KEY INPUTS 

To aid comparison consistent inputs were used in both models. Key headline drivers in the 

CCC projections, demographic change, economic growth and fuel prices, are here described 

briefly in turn (and set out in more detail on the paper on the DECC model projections 

published on the CCC website).6 

Demographics 

Both models use demographic assumptions consistent with the latest (2006-based) ONS 

population ‘principal’ projection (i.e. central) with population growing to 67 million by 2020 

(compared to around 61 million today). The key demographic driver in the DECC model is 

number of households and in CE’s MDM-E3 model the driver is household disposable 

income.  

Economic growth 

Growth assumptions for overall UK GDP are consistent with the Budget 2008 (March in the 

order of 2-2½%.7 Overall manufacturing growth assumptions were harmonised across both 

models in the order of 1.5-2%. Growth rates at the industrial sub-sectoral level were allowed 

to vary between models. 

                                                
6
 CCC, The Committee on Climate Change reference emissions projections (December 2008), 

www.theccc.org.uk 
7
 It is worth noting that the inputs to the CCC reference projections were finalised before events in the 

financial markets in mid-2008 which have led to significant revisions to the growth forecasts for all 
developed countries, including the UK. The 2008 Pre-Budget Report now forecasts the UK economy 
to contract by -1¾ to -¾ in 2009 (compared with 2¾ - 3% growth in our emissions projections) before 
returning to 2¾ to 3¾ growth by 2011. Other things being equal this will reduce energy demand and 
emissions relative to that presented in this paper. 
 

http://www.theccc.org.uk/
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Fuel Prices 

These are set out briefly in Table 3 below (annual averages). In the central scenario oil 

prices rise to $70/bbl by 2020, compared with up to $150/bbl in the high-high and $45/bbl in 

the low. In the central scenario gas prices rise to just over 60p/therm (1.6p/KWh), or up to 

90p/therm (3p/kWh) in the high-high scenario. Coal, typically less volatile than oil and gas on 

a month-on-month basis, rises in the short term reflecting freight and supply bottlenecks but 

is expected to ease in the longer term to around $62/tonne (about 0.5p/kWh) in the central 

scenario and up to $130/tonne (just under 1p/kWh) in the high-high. In the low scenario 

prices revert to that seen earlier in the decade (just over $40/tonne, just over 0.3p/kWh).  

Table 3. Fuel price assumptions used in low, central, high and high-high reference 

projections 

  Oil, $/bbl Gas, p/therm Coal, $/tonne 

  low 
centra

l  
hig
h  

high-
high 

lo
w central  

hig
h  

high-
high low central  high  

high-
high 

2007 73 30 89 

2010 45 65 85 107 25 44 55 67 52 73 115 115 

2015 45 68 90 150 30 45 58 92 46 63 84 130 

2020 45 70 95 150 33 46 61 92 48 65 88 130 

2022 45 71 97 150 33 47 62 92 49 66 89 130 
Source: DECC (BERR), CCC. £2007 prices.  

RESULTS 

The following results are for a reference scenario, in which there is assumed to be no EU 

ETS, and for which the only energy/emissions savings measures assumed are those up to, 

but excluding, those of the Energy White Paper.  

Headline comparison – CO2 emissions  

The headline projections are illustrated in Figure 1, below. They show that, in the central 

scenario (REF1) emissions in the MDM-E3 model are around 65 MtCO2 higher than the 

DECC Model, rising to 90 MtCO2 higher under low fuel prices. Under high-high prices, the 

gap is 30 MtCO2.
8  

  

                                                
8
 Note – In order to make a direct comparison, emissions from Land-Use Change (-2.0 MtCO2 in 2006 

and +2.7 MtCO2 in 2020) have been added to the CE model outputs. This does not change the 
relative difference between the models when comparing like-for-like, but does change absolute 
outputs from CE so that it covers all CO2 in the NAEI. Also note that the CE model does include 
emissions from OTs, which would make them around 1MtCO2 higher than the DECC model on the 
same basis, other things being equal. We do not adjust for this in this paper.  
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Figure 1. Historic and projected CO2 emissions – Total UK, 1990 - 2022 

 

Source: NAEI 2008, DECC Energy and Emissions Model, Cambridge Econometrics. 

Table 4. Headline comparison by sector – CO2 emissions in 2020, central fossil fuel 

prices 

    2020 - central fossil fuel prices 

Sector 2006 CE DECC 
Change from CE to 

DECC 

Power Stations 183.7 214.4 174.3 40.1 

Residential 81.3 58.8 65.5 -6.6 

Industry + Services 158.5 170.9 156.3 14.6 

Road Transport 120.3 134.8 120.4 14.4 

Aviation (domestic) 4.4 6.6 5.2 1.4 

Shipping (domestic) 6.2 6.5 6.7 -0.3 

Rail 2.2 3.1 1.6 1.4 

LUC -2.0 2.7 2.7 0.0 

Total  554.5 597.8 532.7 65.1 
Source: NAEI 2008, DECC Energy and Emissions Model, Cambridge Econometrics. Notes: CE model does not report 

emissions from Land-Use therefore it is assumed they are equal to that given in the DECC model; emissions are presented on 

a source basis, so that all emissions from electricity use are assigned to power stations, rather than to the sector using the 

electricity. 

Electricity generation 

Differences in coverage make it difficult to compare the generation mix of fuels between both 

models, 9 but the large difference in the emissions in the power sector is due to a much 

greater share of coal in the generation mix in CE’s MDM-E3 model. Even small differences 

                                                
9
 The DECC generation outputs cover all major power producers and all renewable generators. CE 

also cover these sectors but report generation by fuel for these sectors alongside autogeneration (i.e. 
generation from non-MPPs). Where possible we have adjusted outputs to make them comparable, 
but some small differences remain as illustrated in Figure 2. The fuel shares in Figure 2 cover all 
generation including autogeneration whereas they do not in the DECC model.  (note - emissions are 
comparable and cover just MPPs).  
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in the relative shares can have large impacts as a coal plant can emit more than double that 

of a gas plant per kWh generated.10 

Figure 2 illustrates the share of fuels in generation under central fuel prices, and shows how 

by 2020 conventional coal makes up over 60% of the mix in 2020 relative to around 30% in 

the DECC model. 

Figure 2. Share of fuels in power generation, central reference projection 

 

Source: DECC Energy and Emissions Model, Cambridge Econometrics. See footnote 9. 

 In the central scenario power sector emissions are 40 MtCO2 higher than in the 

DECC model, by 2020. The gap is narrower under high-high prices as generation is 

much lower in CE’s MDM-E3 model – under high-high prices electricity demand from 

end-use sectors is around 320 TWh, roughly 10TWh lower than today and 60-70 

TWh lower than under central and low prices.11  

 There is generally more variation in overall electricity demand between fuel prices in 

CE’s MDM-E3 model. In  MDM-E3 model demand is generally allowed to vary in all 

sectors in response to price (depending on the change in price relative to substitute 

fuels), whereas in the DECC model fuel price elasticities are low and zero in the 

industrial and service equations. In the residential sector (where there is a price term 

in DECC), the long term price elasticity for electricity demand is  -0.14 in the DECC 

model and in CE’s MDM-E3 model for aggregate residential demand (all fuels) the 

elasticity is -0.3. 

 In the low fuel price scenario, the differences are compounded as overall generation 

is larger and coal remains a significant proportion of the mix, whereas in the DECC 

model its share actually declines as the gas becomes less expensive (relative to 

coal). So moving from central to low prices, coal as a share of overall generation falls 

from 30% to 20% of the mix by 2020. It is clear that, in the absence of any carbon 

                                                
10

 In 2007 electricity generated from coal emitted over 900 g/CO2 per kWh of electricity supplied, 
compared with around 400 g for gas generation (Table 5C, DUKES 2008).  
11

 Note – it is still lower than electricity demand in the DECC model but the fuel mix is still sufficient to 
outweigh any demand effects. 
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price, CE’s MDM-E3 model is more favourable to conventional coal generation than 

in the DECC model making power generation far more carbon intensive.12  

 All emissions from major power generators are covered by the EU ETS and therefore 

these projections represent a detachment from that reality, as they do not include the 

impacts of any carbon price. The penultimate section in this paper compares 

emissions in such a scenario and shows there is little difference between the models 

as conventional coal is squeezed out.  

 These results do, however, say something about the level of ‘effort’ power generators 

are required to make in order to meet a given cap. Assuming a cap of around 

110MtCO2 for 2010 (consistent with the agreed caps of Phase 2 EU ETS) in CE’s 

MDM-E3 model the power sector would need to reduce emissions or purchase 

permits to cover 70-75 million tonnes of CO2 emissions, whereas in the DECC model 

it is more like 60-65 million.  

Figure 3. Historic and projected emissions from power generation 1990-2022  

 

Source: NAEI (2008), DECC Energy and Emissions Model, Cambridge Econometrics. Emissions from Major Power Producers 

only (MPPs). 

Residential 

Energy demand is driven by an activity indicator – household expenditure and disposable 

income in CE and DECC respectively.  

  

                                                
12

 For example in the CE model intensity in 2020 is over 550 gCO2/kWh of generation (without 
adjusting for losses or generators own use) and in the DECC model it is less than 450 gCO2/ kWh, 
compared with around 470 gCO2/kWh today. 
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Figure 4. Final energy demand in the residential sector 

 

Source: DECC Energy and Emissions Model, Cambridge Econometrics. 

Figure 5. Historic and projected CO2 emissions – residential sector 

 

Source: NAEI (2008), DECC Energy and Emissions Model, Cambridge Econometrics. 

 In both models, overall final energy demand in the residential sector is expected to 

fall, and to a greater extent under higher fossil fuel prices.  

 

 Figure 4 shows that electricity final demand remains relatively unchanged, slightly 

increasing in DECC but slightly decreasing in CE. Gas demand is expected to 

change more dramatically, falling by up to 30% on 2006 levels in CE compared with 

a 17% reduction in the DECC model, by 2020. 
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 In the DECC model, 22% (or 7.5 mtoe) of gas is assumed to be saved in 2020 from 

the success of existing government policies (such as EEC)13. The MDM-E3 model 

projects a more rapid reduction in residential gas demand.14  

 

 Demand for solid fuel, which has been on a downward trend for some time,15 is 

expected to remain around flat in CE’s MDM-E3 model (but under low prices rises by 

over 10%) whereas in the DECC model, which uses a constant time trend invariant to 

fuel prices, predicts demand to fall by a further 65% to just over 0.2 mtoe (from 

around 0.7 today).  

 

 Without further policy, renewables are expected to remain almost flat in both models 

therefore a fraction of final demand by 2020 (less than 1%). With the larger 

reductions in gas demand, emissions (Figure 5) in CE’s MDM-E3 model are falling 

faster and in 2020 are between 5-7 MtCO2 lower than in the DECC model.  

 

 By 2020, in the central scenario direct emissions are expected to be 59 MtCO2 or 

28% lower than current levels in CE’s MDM-E3 model compared with around 20%  

lower (66 MtCO2) in DECC. The full range between the models is a 17-35% reduction 

on current levels (or 16-33% lower on 1990). 

Road transport  

Both models take activity indicators and fuel prices (in terms of real pump price, derived from 

the wholesale oil price) to forecast fuel demand in road transport. In the DECC model, 

however, a further driver (car ownership) is used in addition to activity (household income). 

The activity indicator in CE’s MDM-E3 model is GDP + imports. Both models incorporate the 

same oil price and fuel duties, hence real pump prices are broadly consistent. 16 For private 

vehicles (approximately 58% of emissions), fuel demand is relatively inelastic in the DECC 

model (-0.4 in the long term). Commercial vehicle demand (just over 40% of emissions) is 

driven by whole economy GVA and does not include a price term. In CE’s MDM-E3 model all 

road transport fuel demand has a long term elasticity of -0.7 with respect to prices. 

  

                                                
13

 For more information on the policy savings in the DECC reference projection see separate technical 
paper: CCC, The Committee on Climate Change reference emissions projections, (December 2008), 
www.theccc.org.uk 
14

 As noted above savings from existing policies were captured in both models - in order to harmonise 
these impacts, the same percentage change in demand as a result of policy as in the DECC model 
were applied to the CE model. In other words, as in DECC in the absence of policy gas demand in the 
CE model would be around 22% higher.  
15

 Solid fuel in the domestic sector is mainly coal but includes coke and breeze. Domestic coal 
consumption has fallen by nearly 90% since 1990.  
16

 The increase in the fuel duty announced in the Budget 2008 are assumed to occur including the 
increase in October 2008 which has subsequently been suspended. 

http://www.theccc.org.uk/
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Figure 6. Final energy demand for road transport 

 

Source: DECC Energy and Emissions Model, Cambridge Econometrics. 

Figure 7. Historic and projected CO2 emissions from road transport 1990 - 2022 

 
Source: NAEI (2008), DECC Energy and Emissions Model, Cambridge Econometrics 

 Both models see an increase in the share of diesel fuel – to around 60% of fuel 

(compared with around half today).  

 In both models biofuels are assumed to make up a small proportion (5%) of the fuel 

mix by 2010 and this share is maintained throughout the projection period. This helps 

to reduce emissions in the short term (Figure 7). 

 Under central prices both models see an increase in overall fuel demand over the 

period, but more so in CE’s MDM-E3 model – up around 20%, compared with a 4% 

increase in DECC.  The equivalent changes are a 26% increase under low (6% in 

DECC) and 13% increase under high-high (1% decrease in DECC).  
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 Emissions growth differs due to the biofuels penetration. By 2020 in the central 

scenario road transport emissions are expected to be 135 MtCO2 (around 12%  

higher than current levels) in the MDM-E3 model, compared with no change in DECC 

(120 MtCO2) – a divergence of around 15 MtCO2. The full range between the models 

across fuel prices is –5 to +16% on current levels (4-28% increase on 1990 levels).  

Industry and Services 

The industrial and service sectors in the DECC and CE model cover a range of activities 

including energy intensive industry (such as iron and steel), other industrial sectors (e.g. 

construction) as well as public and commercial activities. Emissions from the energy supply 

industry other than major power producers (e.g. from autogeneration, refineries and offshore 

oil and gas extraction) are also included as well as CO2 emissions from agriculture.17  

Figure 8. Historic and projected CO2 emissions for industrial and service sectors  

 
Source: NAEI (2008), DECC Energy and Emissions Model, Cambridge Econometrics. 

 As noted above, energy demand and emissions are generally more elastic to fuel 

prices compared to the DECC model, as for some sectors the DECC demand 

equations do not include a price term (e.g. the commercial and public sector18) or are 

set as an exogenous trend, invariant to fuel prices. Conversely, energy demand is 

allowed to vary with prices for each fuel user in CE’s MDM-E3 model.  

 The difference between the CE and DECC results therefore increases in moving from 

high prices to low. By 2020 in the central projection, industrial and service emissions 

are expected to be 171 MtCO2 or around 8% higher than current levels in CE’s MDM-

E3 model compared with almost no change in DECC (156 MtCO2) – a divergence of 

around 15 MtCO2, or up to 21 MtCO2 under low fuel prices. The full range between 

the models is –2 to +12% on current levels (but a 3-16% reduction on 1990 levels).  

                                                
17

 Given differences in sectoral coverage it has been necessary to compare the sectors together as 
Industry and Services 
18

 Prices were not found to be significant driver of energy demand in the DECC model estimations. 
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Other sectors 

These include domestic aviation and shipping and the gas-oil use in railways. Domestic 

aviation emissions are illustrated in Figure 9 below.  

Figure 9. Historic and projected CO2 emissions for domestic aviation – 1990 - 2022  

 
Source: NAEI (2008), DECC Energy and Emissions Model, Cambridge Econometrics. 

 For both models, domestic aviation energy demand and hence CO2 emissions are 

calculated by assuming a proportion of aviation fuel sold in the UK used for domestic 

flights (approximately 6%). In CE’s MDM-E3 model, the driver for demand and 

emissions is gross output of the sector (compared with overall OECD GDP in DECC) 

and the price elasticity of demand negligible.  

 Nevertheless, CE’s MDM-E3 model forecasts much faster growth in this sector, both 

relative to historic trends and compared to the DECC model.19 Projected average 

annual growth in the period to 2020 is around 3.0% p.a. (compared with up to 1.6% 

in DECC with low fuel prices).  

 By 2020 in the central projection domestic aviation emissions are expected to be 

around 6.6 MtCO2 or just over 50%  higher than current levels in the MDM-E3 model 

compared with a 20% increase in DECC (5.2  MtCO2) – a divergence of around 1.4 

MtCO2. The full range between the models is 11 to 50% increase on current levels 

(or a -5% to  +30% change on 1990 levels). 

 As a proportion of overall UK CO2 emissions, domestic aviation remains small in both 

models – 1.0% and 1.1% in 2020 in DECC and CE respectively.  

                                                
19

 However it is worth noting that domestic aviation emissions are made up of civil and military 
aviation and in 2006 emissions were 2.3 MtCO2 and 2.0 MtCO2 for these sectors respectively. The 
increase in emissions from civil aviation since 1990 (it is around double that in 1990, average growth 
in the order of 4% p.a.) has largely been offset by reductions in military aviation, so that overall 
aviation emissions have remained fairly flat since 1991.  
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 Emissions from shipping are set exogenously in the DECC model, remaining flat at 

around current levels (6.7 MtCO2). Similarly emissions are expected to remain fairly 

flat in CE’s MDM-E3 model, with emissions just 0.2 MtCO2 lower than DECC (6.5 

MtCO2) by 2020.  

 Emissions from rail (gas oil) are shown in Figure 10. Again, in the DECC model 

emissions are set by an exogenous trend invariant to fuel prices (in this case linked 

to the length of track). Emissions are therefore expected to decline (and electricity 

demand increase) as electrified track is expanded at the expense of petroleum track.  

 Despite increasing emissions in the MDM-E3 model, rail emissions remain a fraction 

of total UK CO2 emissions (less than 1% in 2020) despite reaching over 3 MtCO2  by 

2020 (nearly double 1990 levels). 

Figure 10. Historic and projected emissions from rail (direct) 1990 – 2022 

 
Source: NAEI (2008), DECC Energy and Emissions Model, Cambridge Econometrics. 

PROJECTIONS INCLUDING A CARBON PRICE AND QUANTITATIVE 

TARGET FOR RENEWABLE GENERATION 

In addition to the reference projections, further scenarios included the impact of a carbon 

price and a quantitative target for renewables in electricity generation (in excess of 30% of 

generation by 2020). As set out in the draft Renewable Energy Strategy (RES) this is 

approximately 120 TWh of electricity from renewable sources by 2020, compared with 

around 20 TWh today. 2 scenarios were run, on central and high fuel prices, with the CO2 

price rising from 28 euros in 2008 to 50 euros per tCO2 by 2020 in the central and 36 euros 

rising to 66 euros per tCO2 under high fuel prices20. For central and high prices we refer to 

these projections as ‘REF1a’ and ‘REF2a’ respectively.  

                                                
20

 These carbon price projections are detailed in full in a technical paper accompanying the CCC’s 
first report, also available on the CCC website.  
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These projections were conducted on a slightly different basis in each model, therefore it is 

not possible to meaningfully compare across all sectors. In the DECC model, the carbon 

price was applied to major electricity generators only. In the CE model, the carbon price was 

also applied to other sectors covered by the EU ETS (i.e.  around ¾ of industrial sectors). 

Therefore, we look at the impact on electricity emissions (Figure 11) but treat with caution 

any comparisons across industrial sectors (as only in MDM-E3 will these face the carbon 

price). However it is worth noting that the impact of the CO2 price on industrial direct 

emissions is fairly small – industrial and service emissions are around 4 MtCO2 lower in 

REF1a in 2020 relative to REF1.   

Figure 11. Historic and projected CO2 emissions from electricity generation, 1990 – 

2022 

 
Source: NAEI (2008), DECC Energy and Emissions Model, Cambridge Econometrics. Emissions from Major Power Producers 

only (MPPs). 

 Applying a carbon price significantly affects the relative cost of coal and gas 

generation. Given the increasing share of coal in the reference projection in the CE 

model, switching to gas on existing plant and new build means that emissions are 

over 90 MtCO2 lower in 2020 as coal falls from over 60 to less than 35% of 

generation. Coal generation is lower still in the DECC model – less than 20%. 

 The carbon price also leads to an increase in the retail price of electricity faced by 

consumers. Due to the higher elasticities in CE’s MDM-E3 model, electricity demand 

falls more than in the DECC model.  

 The combination of these effects means CO2 emissions projections in the two 

models converge to similar levels when the carbon price is applied, with emissions 

slightly lower in CE’s MDM-E3 model (overall demand from the major end use 

sectors is nearly 20% lower than in DECC, by 2020).  
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 SUMMARY AND IMPLICATIONS FOR CARBON BUDGETS 

The CCC carbon budget proposals have been presented around a ‘central’ reference 

emission projection and associated emissions reduction potential. However, as with all 

forecasts, the projections are subject to uncertainty. They are particularly sensitive to the 

assumptions on fossil fuel prices, which can be volatile and difficult to predict with any level 

of accuracy. If a scenario different to the central were to prevail then budgets may be more 

or less stretching. 

Emissions in the traded sector are capped under the EU ETS so higher emissions could still 

meet budgets, with more allowance purchases. As shown above, projected emissions from 

electricity generation when a carbon price is applied are fairly similar across the two models. 

We therefore now explore the differences in the forecasts for the non-traded sector (NTS). 

Differences in the reference projections for these sectors highlight some of the risks and 

challenges in meeting the CCC’s proposed carbon budgets.  

As noted above, all major power generators are included within the EU ETS. Furthermore, 

we have assumed around three quarters of industrial sectors (as defined within the DECC 

and CE models) are covered by the EU ETS. The Industrial sectors cover a range of 

activities, some of which are energy intensive, including refineries21, offshore oil and gas 

extraction, and iron and steel. Within energy-intensive sectors the majority of firms are 

included within the EU ETS, whereas other sectors (such as construction) are only partially 

covered (i.e. less than 10%). On balance, we estimate that 76% of industrial sector 

emissions are traded. In the following tables and charts we have also assumed that 

domestic civil aviation is included within the EU ETS from 2011 onwards.22 All direct 

emissions from residential, services, road transport and rail are treated as non-traded.  

  

                                                
21

 Within the DECC mode, refinery emissions are assumed to be 100% covered. 
22

 Approximately 2.3 MtCO2 in 2006. CO2 emissions from Land Use change are also included (and in 
the case of CE are added to the outputs although it is not a model output).  
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Figure 12. Projected emissions in the non-traded sector – reference projections 

 

Source: DECC Energy and Emissions Model, Cambridge Econometrics 

Table 4. Projected emissions in the non-traded sector by 2020, DECC and CE model 

compared 

  
Non-traded sector emissions in 

2020   
difference from DECC 

central  

  CE DECC difference CE DECC 

central  268 259 9 9 - 

high  260 258 3 1 -1 

high-high 248 247 1 -10 -12 

low 279 263 15 20 5 

Source: DECC Energy and Emissions Model, Cambridge Econometrics 

 Given slight differences in coverage, when applying  the traded-non-traded 

methodology  NTS emissions in CE’s MDM-E3 model are around 4 MtCO2 lower 

than in DECC in 2006 (consequently traded sector emissions are 4 MtCO2 higher 

than in DECC).  

 In both models NTS emissions fall to 2010. This reflects the shared assumptions on 

the impact of existing policies. 

 In CE’s MDM-E3 model, under all fuel prices bar the high-high, NTS emissions are 

expected to increase at a rate of around 0.5% p.a. after 2010. The biggest driver is 

road transport emissions, which rise by up to 1% p.a. under low fuel prices (0.8% p.a 

in the central). The increase in road transport emissions (at 134 MtCO2 in 2020) is 

offset by the reductions in residential direct emissions – falling by nearly 60 MtCO2 

on current levels in the central case.  

 The outlook for NTS in the DECC model is moderate, with emissions in all scenarios 

bar the high-high staying flat on their 2010- levels. Again, reductions in residential 

emissions are offset by increases in road transport.  
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 Under high-high prices, however, NTS emissions are expected to fall throughout the 

period in both models – driven by large reductions in road transport emissions growth 

(with emissions rising by just 3% on current levels in CE and falling by up to 5% in 

DECC).  

 As Table 4 illustrates, in moving from central to low fuel prices NTS emissions rise by 

5 MtCO2. If the central projection as set out in CE’s MDM-E3 model were to prevail, 

NTS emissions would be 9 MtCO2 higher than anticipated in the DECC model. 

 If high-high fuel prices were to prevail, in the DECC model NTS emissions are 

expected to be 12 MtCO2 lower than anticipated under central. Emissions for NTS in 

DECC and BERR are the same under high-high prices, with such high prices driving 

moderate growth in road transport and even more aggressive reductions in 

residential emissions. Under high-high prices non-traded emissions in the DECC 

model could be 12 MtCO2 lower than anticipated in the central, and 10 MtCO2 lower 

in the MDM-E3 model.   

 In general the projections from the CE MDM-E3 model imply that proposed budgets 

would be more stretching for the non-traded sector than implied by the DECC model, 

particularly from the second budget period (2012-2017). This largely reflects different 

assumptions for road transport, particularly on the potential for car ownership 

saturation. 

 


