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1. EMISSION FACTORS 
 
The emission factor of different fuels is conventionally expressed in terms of the 
mass of carbon (or carbon dioxide) emitted for every unit of energy delivered – 
kgC/kWh (or kgCO2/kWh).1 Different fuels have different chemical composition, and 
different technologies use fuel more or less efficiently. Knowledge of the fuel used 
and the technology employed to convert its energy are both needed in order to 
establish how much carbon dioxide is emitted per unit of energy delivered.  
 
Table 1 Emission factors (kgC/kWh), 1996-2050 
  
  

Year MTP 
predictions 

40% House scenario 

1996 0.139 0.139 
2000 0.136 0.136 
2005 0.111 0.111 
2010 0.106 0.106 
2015 0.110 0.110 
2020 0.107 0.107 
2030 - 0.1 
2040 - 0.1 
2050 - 0.1 

 
Source: Market Transformation Programme, 40% House project 
 
Predicted figures from MTP have been used for UK emission factors, even though it 
is possible to calculate recorded figures from various government publications. One 
method using DTI figures gives a result of 0.141 for 1996, but this is not consistent 
with other figures from DEFRA (Fawcett 2005). In the absence of consistent and 
reliable figures for emissions factors from government, the MTP predictions are a 
close enough estimate and, indeed, the lower MTP figure makes the task of 
achieving 60% reductions a slightly tougher challenge than they would be using DTI 
figures. 
 

                                                
1 Conversion between C and CO2 can be calculated using the relative atomic weights of the 
carbon and oxygen atoms – C = 12, O = 16. The atomic weight of carbon is 12 and that of 
CO2 is 12 + 16 + 16 = 44 (ie one carbon and two oxygen atoms). To convert from C to CO2 
multiply by 44/12 or 3.67. To convert from CO2 to C multiply by 12/44 or 0.27. 
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The Market Transformation Programme provides forecasts of emission factors for 
grid electricity to 2020, which have been adopted in the 40% House project. The 40% 
House project has then extended the forecast to 2050 (table 1). Such long-term 
forecasting is inherently uncertain. The guiding principles of the 40% House team 
were to make no over-optimistic assumptions about the future uptake of large-scale 
low-carbon technologies supplying grid electricity. When considering changes that 
might happen outside the residential sector, a cautious approach has been taken, as 
the aim of the 40% House project was to assess the potential of demand reduction 
strategies and new technologies integrated into the built environment. The forecast 
from 2030 – 2050 is for an emission factor of 0.1 kgC/kWh for grid electricity – a 
reduction of 7.7 % over the ten-year forecast average between 2010-2020. This 
reduction is justified by the likelihood of new large-scale renewables becoming 
available (eg wave and tidal stream technology), with renewables replacing the 
remaining nuclear capacity. Gas would continue to replace coal, leading to an overall 
modest reduction in emissions factor.  

 
1.1 Emission factors for domestic fuels other than electricity 
 
The emission factor for heating fuels burned directly in the home (eg gas, oil, solid 
fuel) is calculated as kgC/kWh delivered energy in the form of heat (ie the amount of 
fuel burned, irrespective of the efficiency of the boiler or other heat generating 
device). 
 
The emission factor of gas is assumed to remain constant to 2050, as the proportion 
of methane (CH4) in natural gas is relatively unchanging. In contrast with gas, both oil 
and coal show great variety in their chemical make-up. 
 
The 40% House scenario assumes improved efficiencies in energy conversion 
technology, resulting in less fuel being burned. The emission factor remains the 
same, but the amount of fuel required (and carbon emitted) decreases. 
  
Methane is not all fossil gas: it can also be derived from renewable sources, both 
from fuel crops and from organic waste material. Anaerobic digestion and pyrolysis 
are two techniques for clean conversion of renewable feedstocks to methane. The 
amount of organic waste material available is insufficient to meet current demand for 
methane gas, and the use of land for growing biofuels would be in competition with 
other uses of agricultural land, notably growing food. Even so, a mix of future 
agricultural land uses could include more fuel crops, and it is possible to envisage a 
mix of fossil gas and renewable methane in the gas network. 
 
 
1.2 Emission factors for combined heat and power (CHP) 
 
In the case of combined heat and power (CHP), there are several ways of accounting 
for the carbon content of the fuel burned. CHP units can be operated in different 
ways, depending on the situation. In the domestic sector, the carbon-efficient mode 
of operation is for the CHP to meet the heating demand (which has first been 
reduced as much as possible), with electricity generation treated as a by-product of 
the heating regime and used or exported as needs be. 
 
In other situations, it may make sense to operate the CHP to meet an electrical 
demand, with heat treated as a by-product which is used or stored as needs be. 
 
The options for accounting for the carbon emissions from CHP are listed below: 
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1. count emissions from the combustion of the fuel as kgC/kWh delivered heat; 
treat electricity generated as a zero-carbon by-product of the process 

 
2. count emissions from the combustion of fuel as kgC/kWh delivered electricity; 

treat heat as a zero-carbon by-product of the process 
 

3. count emissions from the generation of heat based on the amount of fuel that 
would be needed to produce the heat in a conventional boiler, rather than a 
CHP unit; count the emissions from electricity generation in terms of the 
‘extra’ fuel burned in the CHP unit beyond what would have been burned to 
generate heat in a conventional boiler. 

 
In the 40% House scenario, option 1 has been used because it reflects the reality of 
CHP in domestic settings needing to be heat-led, rather than electricity-led. Option 2 
is unsuitable in the domestic sector because it is electricity-led. Option 3 is deemed 
over-complex in the context of the 40% House report. 
 
1.3 Emission factors for electricity 
 
1.3.1 Electricity generation emission factors 
 
Where delivered energy is in the form of electricity from the national grid, the total 
carbon emitted is the sum of the carbon emitted from each different fuel used in 
electricity generation. This is calculated by multiplying the amount of energy 
delivered by the emission factor of the fuel. Emission factors for fuels in the UK 
electricity supply are given in table 2. 
 
 
Table 2. Emission factors for components of UK electricity supply by fuel type 
 
fuel Emission factor 

(kgC/kWh) 
Gas 0.12 
Coal 0.26 
Oil 0.23 
Nuclear 0 
Renewables 0 
 
 
 
1.3.2 Electricity saving emission factors 
 
The emission factors for electricity consumption and electricity saving are widely held 
to be different (MTP 2004). Reducing demand for electricity means switching off 
generating plant, and there are practical limits to which plant can be switched off in 
different circumstances. With the current mix of generators, electricity saving will lead 
to switching off generation from ‘dirtier’ fuels: the electricity saved therefore 
represents a larger amount of carbon per kWh than the (current) average energy 
supply mix. Over time, the mix of generating capacity will change, and so the 
electricity saving emission factor will also change (Lane and Lipp,  
 
 
While it is important to get the figures as accurate as possible, the wider picture 
shows that electricity saving emission factors are little more than accounting niceties. 
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For deep cuts in carbon emissions to take place, much more significant actions are 
needed. In the 40% House scenario, the same average emission factors are used for 
both generation and savings. 
 

 
1.3.3 Emission factors into the future 
 
The EU Large Combustion Plant Directive comes into force in 2008, effectively 
putting an end to the most polluting coal-fired power stations. This will lead to about 
10.5 GW of coal plant being retired in 2008. Of the UK’s nine nuclear power stations 
still operating, only Sizewell B will be in operation in 2024, as the others are due to 
be decommissioned in several phases between now and then. Nuclear capacity will 
reduce by about 10.5 GW. 
 
If 10.5 GW of coal plant and 10.5 GW of nuclear were replaced with 21 GW of gas, 
this would result in approximately the same emission factor, as the emission factor 
for coal is roughly double that for gas, while nuclear is zero-carbon. Large-scale 
renewables are predicted to grow to 58 TWh pa in 2020 (15% of predicted total), 
while the relative mix of other fuels is predicted by government to remain roughly the 
same to 2020 (figure 1). 
 
In the 40% House report, growth in building-integrated renewables and low-carbon 
technologies, such as combined heat & power (CHP), could be generating about 20 
TWh per year by 2020. Depending on the accounting method chosen for CHP (see 
above), this could add a significant amount of carbon-neutral electricity, increasing 
the DTI’s projection of 58 TWh from renewables (primarily from wind farms) to a total 
of 78 TWh. 
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Figure 1 UK electricity generation by fuel to 2020 (Source DTI 2004a)2 
 
 
 
If the 40% House strategy (radical demand reduction and new sources of supply from 
low- and zero-carbon technologies) were to be replicated in other sectors, the 
fraction of electricity from renewables could rise still further. However, it is beyond the 
scope of the 40% House project to assess these issues outside the residential 
sector, and the assumption made is that other sectors would continue along the lines 
of current government projections. 
 
 
2. ELECTRICITY SUPPLY AND STORAGE  
 
2.1 Carbon abatement technologies (CAT) 
 
The DTI consultation document on carbon abatement technologies strategy for fossil 
fuel power generation (DTI 2004b) starts from the same position as the Energy White 
Paper (DTI 2003), recognising that after 2020 strategies beyond renewables and 
energy efficiency will be needed in order to achieve a 60% reduction in carbon. 
Hence, current government policy assumes that new technologies will become 
available to reduce or eliminate carbon emissions from fossil fuel. The research and 
development required will take ‘upwards of the next 15 years or so’. Coal with carbon 
capture and storage (CCS) is the main technical option considered, but the 
consultation document comments that ‘natural gas now accounts for around a third of 
electricity generation …and recent projections anticipate this share increasing up to 
2020’ (DTI 2004b). Large-scale sequestration of carbon dioxide may be achieved in 
this way, for example by being pumped into gas wells as the gas is extracted. This 
has the potential to capture large quantities of carbon dioxide from fossil fuels, 
although the consequences of leakage would be equally large. 
 
Predicting the future fuel mix and future electricity demand is very uncertain. Large-
scale wind energy is likely to increase further, and other forms of renewable energy 
may be brought to commercial viability, depending on how the policy and regulatory 
frameworks develop.  
 
Data from the DTI gives the government’s view on what is likely to happen in the 
generation mix to 2020. Looking ahead 15 years is far from certain: forecasting over 
45 years is even less so. How much large-scale renewable energy will there be? 
What will future demand be? If every sector in the UK economy made reductions in 
demand to match the 40% House scenario, the fraction of electricity from clean 
renewables would potentially be quite high. 
 
2.2 Towards a hydrogen economy 
 
Hydrogen has the potential to be a very versatile energy vector in the future, being an 
energy-intensive fuel and one that can be stored or distributed relatively easily 
(compared with electricity). However, producing hydrogen requires an input of energy 
as well as a feedstock containing hydrogen in a form that can be efficiently extracted. 
Typically, hydrogen production involves splitting molecules of water or methane in a 
chemical reaction caused when electricity is passed through an electrolyte. The long-
term sustainability of hydrogen production depends on both the source of the 
                                                
2 Very small contributions from pumped storage (2.6 – 3 TWh) and oil-fired generation (2 – 
2.1 TWh) are excluded from figure 1 for the sake of clarity. 
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feedstock and the source of the electricity. Hydrogen produced from natural gas 
(methane) using electricity from fossil fuels will be relatively carbon-intensive, as CO2 
will be emitted both from the conversion of the feedstock and from the energy used. If 
the feedstock is non-fossil methane (derived from fuel crops or organic waste), then 
the process of conversion will be carbon-neutral (and assuming that none of the 
methane leaks to the atmosphere, where it is a potent greenhouse gas). Where the 
feedstock is water, the products of electrolysis will be hydrogen and oxygen – both 
harmless in terms of climate change. Only if the electricity is from renewable sources 
as well as the feedstock, will the resulting hydrogen be a carrier of zero-carbon 
energy. 
 
Hydrogen will release energy in a number of chemical reactions, including direct 
combustion or oxidation in a fuel cell. The by-product is water vapour in both cases. 
 
Hydrogen can also be burned in a mixture with natural gas, but the hydrogen 
molecule is smaller than the methane molecule, and the existing infrastructure of gas 
pipes is not designed to carry it. Hydrogen would leak out without major investment 
to upgrade/replace the gas pipe network. 
 
In the context of the 40% House project, fuel-cell CHP is expected to play a 
significant role in the residential sector from about 2030. The technology of the CHP 
units is not yet mature, and there are major infrastructure issues to overcome for the 
supply of hydrogen fuel, which is why this technology is not assumed to become 
widespread any earlier. Residential-sector fuel cells could be used to smooth the 
profile of national electricity demand by providing electricity at peak times. 
Alternatively, the fuel cell could generate hydrogen using surplus electricity, with the 
hydrogen then available for distribution and storage before being used elsewhere (eg 
as a transport fuel). 
 
 
3. SECURITY OF SUPPLY 
 
3.1 Future supplies of fossil fuel 
 
The government’s 2003 Energy White Paper estimates that ‘it is … likely that the UK 
will become a net importer of gas on an annual basis by around 2006 and of oil by 
around 2010. By 2020 we are likely to be importing around three-quarters of our 
primary energy needs. And by that time half the world’s gas and oil will be coming 
from countries that are currently perceived as relatively unstable either in political or 
economic terms’ (DTI 2003, para 6.13). 
 
After decades of net export, the implications for the UK are a reduction in the security 
of future supplies of gas and oil. The UK still has significant coal reserves, however, 
and increased reliance on coal would help with fuel security. Given the imperative of 
tackling climate change and the European Large Plant Combustion Directive, any 
future combustion of coal on a large scale would have to include CCS (see above). 
 
3.2 Low- and zero-carbon technologies (LZC) 
 
The 40% House scenario shows electricity generation within homes and 
neighbourhoods rising to 20 TWh pa in 2020 and over 100 TWh pa in 2050. This is 
achieved through widescale use of CHP to maximise the energy output of burning 
gas, as well as deployment of a variety of renewable energy technologies. 
Renewable sources of energy are much more evenly distributed about the globe than 
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fossil fuel reserves, making renewable sources of energy free from the geopolitical 
problems of fossil fuel. 
 
Renewables have been criticised for being intermittent, but recent research suggests 
that it is over-simplistic to equate intermittency with unreliability. If all renewable 
energy were sourced from one technology in one place, then it would be unreliable; 
but diversity in the range of technologies used and the geographical distribution of 
individual generators can ensure a very high degree of reliability (HoL 2004). 
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