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1 Introduction  

Even while science is unambiguously telling us that even 2°C of warming would be highly dangerous 

for our planet, many people are rapidly losing all confidence that we will be able to prevent this level 

of warming, or even far more.  But a climate catastrophe can be averted.  Doing so demands political 

leadership and courageous policy initiatives, both of which go well beyond politics as usual. 

¢Ƙƛǎ ǎƘƻǊǘ ŎŀǎŜ ǎǘǳŘȅ ƛǎ ƛƴǘŜƴŘŜŘ ǘƻ ǎǳǇǇƭŜƳŜƴǘ ƻǳǊ Ƴŀƛƴ ǊŜǇƻǊǘ ά9ǳǊƻǇŜΩs Share of the Climate 

Challengeέ, which provides detailed information on a study conducted for Europe as a whole.  It 

further explores the national context for the UK of the scenarios laid out in the main report.  It 

illustrates how the basic assumptions of the main study might be implemented in the UK context 

and identifies the areas with the highest mitigation potential.   It also defines the scale of annual cuts 

required and lays out 2020 and 2050 mitigation targets for the UK.    

Please refer to the main report for detailed information on assumptions, methodology and data 

sources used in the analysis. 

This case study is an effort to show two major ways in which the UK can show such leadership. 

 Firstly, we analyze how the UK can embark on a transition to a low GHG future.  

Specifically, we first set targets for the EU as a whole to reduce GHG emissions by 40% in 

2020 and 90% in 2050 relative to 1990 levels.  To achieve this level of emissions reductions 

we examined the technical potential for emissions reductions in each of the EU27 countries, 

without concern to whether one country was being made to cut more than another.  For the 

UK, the overall 40%/90% EU target equates to 41% cuts by 2020 and 90% cuts by 2050. Even 

deeper cuts could be achieved by considering additional measures such as further 

reductions in GDP levels or biomass CCS. Our mitigation scenario achieves these cuts by a 

combination of radical improvements in energy efficiency, the accelerated retirement of 

fossil fuels and a dramatic shift toward various types of renewable energy, including wind, 

solar, wave, geothermal and some biomass-based combined heat and power (CHP).  In 

ŀŘŘƛǘƛƻƴ ǘƻ ƻǳǊ ǎŎŜƴŀǊƛƻΩǎ ǘŜŎƘƴƛŎŀƭ ƳŜŀǎǳǊŜǎ ǿŜ ŀƭǎƻ ŜȄŀƳƛƴŜ ǘƘŜ ǊƻƭŜ ƻŦ ǎǳŦŦƛŎƛŜƴŎȅ ŀƴŘ 

equity in helping promote the needed transition to a low GHG future.  This is reflected in 

lower levels of GDP relative to baseline assumptions representing a future that is less 

ƳŀǘŜǊƛŀƭƛǎǘƛŎ ǘƘŀƴ ƻǳǊ ƴƻǊƳŀƭ άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭέ ŀǎǎǳƳǇǘƛƻƴǎ ŀōƻǳǘ ǘƘŜ ŦǳǘǳǊŜΣ ŀƭōŜƛǘ ƻƴŜ 

that is still far richer than today.  In fact, in our mitigation scenario, GDP in the UK grows by a 

ŦŀŎǘƻǊ ƻŦ άƻƴƭȅέ мΦр ōŜǘǿŜŜƴ нллу ŀƴŘ нлрл ǾŜǊǎǳǎ ǘƘŜ нΦл ǘƛƳŜǎ ƎǊƻǿǘƘ ǎŜŜƴ ƛƴ ǘƘŜ ōŀǎŜƭƛƴŜ 

scenario.  Increased levels of equity among EU countries are also assumed, on the basis that 

achieving an EU-wide mobilisation to address the climate crisis and achieving a consensus on 

how to share the burden of the task will require greater solidarity between nations.   

 Secondly, we assess the UK’s international obligations for assisting the worldΩǎ ŘŜǾŜƭƻǇƛƴƎ 

nations to adapt to climate change and make a transition to a low-GHG future.  By 

considering the climate crisis in the context of the no-less-severe development crisis facing 
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ǘƘŜ ǿƻǊƭŘΩǎ ǇƻƻǊΣ ǿŜ ǳǎŜ ǘƘŜ DǊŜŜƴƘƻǳǎŜ Development Rights (GDRs) framework (Baer et al., 

2008) as a basis for assessing fair contributions to a global climate effort.  We estimate the 

¦YΩǎ ŦŀƛǊ ǎƘŀǊŜ ǘƻ ōŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ϵон ōƛƭƭƛƻƴ ǘƻ ϵ95 billion in 2020 depending on the 

whether the average cost of mitigation is ϵ50/tCO2e or ϵ150/tCO2e, which respectively 

ǘǊŀƴǎƭŀǘŜǎ ƛƴǘƻ ōŜǘǿŜŜƴ мΦп҈ ŀƴŘ пΦо҈ ƻŦ ǘƘŜ ¦YΩǎ ǇǊƻƧŜŎǘŜŘ нлнл D5t ƻŦ ϵнΦн ǘǊƛƭƭƛƻƴΦ 

Between 2010 and 2020 steadily increasing amounts of money should be transferred to 

developing countries resulting in the requested ϵ32 billion tƻ ϵфр ōƛƭƭƛƻƴ range in 2020. 

At the request of Friends of the Earth Europe, this analysis has been designed to explore whether 

the specified levels of emissions reductions could be met without resorting to certain potentially 

significant mitigation options.  In particular, we assumed no new nuclear power, the phase out of 

existing nuclear power facilities, no carbon capture and storage (CCS) for fossil-based electricity 

generation and no biofuels, whether produced within the EU or imported.  Even without these 

mitigation options, we find that the UK can still fully meet its 2020 and 2050 mitigation target solely 

ǘƘǊƻǳƎƘ ŘƻƳŜǎǘƛŎ ƻǇǘƛƻƴǎΦ hŦŦǎŜǘǘƛƴƎ ƛǎ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ƻǳǊ 9¦ ǊŜŘǳŎǘƛƻƴ ǎŎŜƴŀǊƛƻ ǎƛƴŎŜφ ōȅ 

definition ς the focus of the study is on domestic European measures to reduce GHG emissions.  

Offsetting would simply allow the EU to defer the urgently needed transformation described in this 

scenario. Beyond 2030, there is still no use of offsets, but the scenario does include solar-based 

electricity from international sources (in the Middle East or North Africa). 

Our mitigation scenario shows that EU-wide GHG reductions of 40% in 2020 and 90% in 2050 are 

indeed possible. However, our scenario should not be viewed as the only pathway.  It represents 

only an initial exploration or a technical existence proof for testing whether the type of deep cuts 

that science tells us are needed could be achieved.  It is not overly concerned with the short-run 

political plausibility of options in the context of the current insufficient political will and lack of 

ambition.  Instead it is intended to explore what might be possible under the assumption of a major 

mobilisation to meet the climate challenge.     

Europe and the UK, if it is to meet the challenge of substantially reducing its carbon footprint within 

the constraints outlined in the previous section, must make substantial changes to the way that it 

produces and consumes.  The changes are not bad ones: were a contemporary European to be 

placed suddenly into the Europe of 2050 as envisaged in our mitigation scenario, we are confident 

they would find life rather pleasant.  

On a day-to-day basis, streets would be easier to navigate for pedestrians and cyclists, while public 

transportation would be more readily available and convenient, and traffic congestion would be 

substantially reduced.  ¢ƘŜ ¦YΩs inhabitants in 2050 would have convenient access to the places they 

wished to go, albeit often by a different mode than they are used to today.  Living area per person 

would be about the same as it is today.  Moreover, while average levels of material consumption 

would be roughly the same as today (but significantly higher for those residing in the new member 

states), health care, local leisure opportunities, and other less materials intensive services would be 

substantially better for all.   
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2 Part 1: Domestic Actions:  A Mitigation Scenario for the UK  

In this section we outline the main results for the UK of our scenario analysis, which analyzes how 

Europe can embark on a transition to a low GHG future ς enabling it to achieve large emission 

reductions on a rapid timescale. 

2.1 Demographics and Macroeconomics  

   

Our baseline scenario posits a 2050 in which the UKΩǎ D5t ǿƛƭƭ ōŜ 2.0 times its size in 2010, and its 

population will have grown from 61 million to 69 million.  Average income levels will also have 

ƎǊƻǿƴ ōȅ ŀ ŦŀŎǘƻǊ ƻŦ мΦтр ōȅ нлрл ŦǊƻƳ ϵомΣслл ǘƻ ϵррΣплл ǇŜǊ ŎŀǇƛǘŀΦ 

Our mitigation scenario assumes increased concern over sufficiency.  It is assumed that Europe (and 

the wider world) start  acting upon the need to live sustainably within the overall ecological carrying 

capacity of the planet.  This leads to a less overall growth in the EU as a whole.  Specifically, total 

9¦нт D5t ƎǊƻǿǎ ōȅ ŀ ŦŀŎǘƻǊ ƻŦ άƻƴƭȅέ мΦс ŦǊƻƳ нллу ǘƻ нлрл ƛƴ ǘƘŜ Ƴitigation scenario versus the 1.8 

times growth seen in the baseline.   

In addition to concerns about sufficiency, addressing the climate crisis will also require addressing 

the issue of equity, under the assumption that tackling climate change will require greater solidarity 

and equity between EU nations. We assume that significant fiscal or other appropriate policies are 

put in place to promote a convergence in income levels among the countries in Europe.  This 

represents a continuation of the wider goals of the EU, but also a real change in practice. 

The result of these assumptions in the UK is that GDP and income growth is somewhat reduced but 

still significant.  Incomes grow by a ŦŀŎǘƻǊ ƻŦ мΦор ōŜǘǿŜŜƴ нлмл ŀƴŘ нлрл ǊŜŀŎƘƛƴƎ ϵпнΣтлл ǇŜǊ 

capita.  GDP grows by a factor of 1.5.  Population growth is assumed to be the same in both 

scenarios. 
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2.2 Buildings  

   

Buildings ς and the appliances and other equipment within them ς consume significant quantities of 

energy.  hŦ ǘƘŜ ¦YΩǎ ǘƻǘŀƭ нллр Ŧƛƴŀƭ ŜƴŜǊƎȅ ŘŜƳŀƴŘΣ ǘƘŜ ƘƻǳǎŜƘƻƭŘ ǎŜŎǘƻǊ ŀŎŎƻǳƴǘŜŘ ŦƻǊ нр҈ ŀƴŘ 

the services sector a further 9%. Attaining large cuts in GHG emissions will therefore require 

dramatic decreases in energy use in the buildings sector beyond baseline trends.     

Key measures for the buildings sector in our mitigation scenario include:  

 Increased building shell efficiency for both new buildings and retrofits. 

 Improved efficiency of heating, cooling and lighting systems. 

 A shift away from the direct use of fossil fuels in buildings in favour of increased use of 

electricity (especially in the form of electric heat pumps) and solar power.  District heat from 

CHP, seen as an important option elsewhere in Europe, is expected to make a smaller 

contribution in the UK. 

 Gains in appliance efficiency (although these are partly offset by the increasing use of 

consumer electronics and other appliances).   

 Sufficiency:  After trending up for decades, we assume that home sizes gradually return to 

2005 levels by 2050. Greater urban density together with increasing social awareness of the 

environmental impacts of larger homes gradually reduces the average house size back to the 

2005 level by 2050.   

The collective effect of the measures above is to dramatically reduce residential energy consumption 

and gradually shift the remaining consumption to electricity, heat and solar thermal energy, and 

away from fossil fuels.   

The two charts shown above display the resulting shift in energy consumption in our mitigation 

scenario in households and services, with the bars plotted with open dotted lines showing the 

energy use avoided in the mitigation scenario versus the baseline.   

In the household sector, energy efficiency improvements cause energy consumption to decline by 

2.5%/year between 2010 and 2050. By 2050 energy consumption is reduced to only 37% of its 2010 
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value.  In the services sector, similar energy efficiency improvements cause energy consumption to 

decline by 2.1%/year between 2010 and 2050. By 2050 energy consumption is reduced to only 42% 

of its 2010 value. 

2.2.1 Key policies  

Key policies required in the buildings sector include: 

 ¢ƘŜ 9¦Ωǎ 9ƴŜǊƎȅ tŜǊŦƻǊƳŀƴŎŜ ƻŦ .ǳƛƭŘƛƴƎǎ 5ƛǊŜŎǘƛǾŜ ǎƘƻǳƭŘ ōŜ ŜȄǘŜƴŘŜŘ ǘƻ ŀƭƭ ōǳƛƭŘƛƴƎǎ ŀƴŘ 

its standards tightened.   

 Access to capital is needed to finance retrofits and scale-up efficiency measures.   

 Performance targets for Appliances  

 New standards for the use of renewables in heating and cooling.   

2.3 Industry  

    
 
Compared to other EU countries energy use in the industrial sector is relatively small in the UK 

accounting for only 18.5% of total final energy demands versus the 23.5% for the EU27 as a whole. 

Industrial energy consumption (and thus GHG emissions) actually declined slightly between today 

and 2050 even under baseline assumptions.  This in part reflects expected improvements in energy 

intensity (i.e. improvements not requiring any additional policies) and a tendency for industries to 

approach the best available practices.  The decline also reflects a continued decrease in the size of 

the industrial sector in UK, which is itself partly attributable to the continued off-shoring of industrial 

production to countries outside Europe.  In other words, our analysis underestimates ǘƘŜ ¦YΩǎ 

industrial energy use and GHG emissions. 1 

                                                           
1
 hǳǊ ŜǎǘƛƳŀǘŜǎ ƻŦ 9ǳǊƻǇŜΩǎ DID ŜƳƛǎǎƛƻƴǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘƻǎŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ L9!Σ 9/ ŀƴŘ 99! ǊŜǇƻǊǘǎ ŀǊŜ ŀƭƭ ǇǊƻŘǳŎǘƛƻƴ-

based estimates of the emissions occurring within the borders of the EU.  They all excluŘŜ ǘƘŜ άŜƳōŜŘŘŜŘ ŜƳƛǎǎƛƻƴǎέ φ 
those occurring in other countries in order to manufacture goods consumed in the EU, that would be reflected in a 
consumption-based estimate.  Recent estimates of embedded emissions show that they are both significant and growing.  
A recent SEI study for the UK Government calculated that consumption-based accounting of UK emissions would yield far 
higher estimates of emissions φ rather than going down by 5% between 1992 and 2004 as is commonly estimated, the 
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Our mitigation scenario examines two major energy consuming sectors in some detail: iron and steel 

and non metallic minerals/cement.  Due to the limitations of this study, other sectors are examined 

more simply.     

In the iron and steel sector, our baseline scenario already assumes significant efficiency 

improvements, and our mitigation scenario therefore assumes only modest additional 

improvements.  More important is the opportunity for fuel switching.  This can be achieved through 

process changes that allow different reducing agents to be used or which allow for reduction 

through electrolysis without a reducing agent.  CO2 emissions can also be reduced by replacing blast 

furnace iron with direct-reduced iron (DRI).    Thus, in our mitigation scenario, iron and steel 

production shifts gradually from the mix seen in 2006 toward DRI fuelled by natural gas or biomass, 

both of which would feed into electric arc furnaces (EAF). CO2 emissions are also reduced through 

greater use of scrap metals processed in EAFs.   

As with iron and steel production, cement manufacture requires high temperatures and involves a 

chemical transformation that releases CO2 from the raw material.  In fact the non-energy chemical 

process emissions from cement are a very important source of CO2, accounting for approximately 

2/3 of all emissions from cement production.  Cement production thus poses huge challenges for 

reducing GHG emissions.  Improvements in energy intensity in the cement sector in our mitigation 

scenario reflect the adoption of best practices so that energy use is 15% below the 2020 baseline 

and 55% below the 2050 baseline values.  Fuel switching also plays an important role in reducing the 

CO2 intensity of cement production with natural gas, biomass and combustible wastes gradually 

replacing coal and oil use in the sector. It is also possible to reduce carbon dioxide emissions in the 

cement sector by replacing calcium carbonate clinker with substitutes such as slag from iron and 

steel production.  Our scenario also assumes modest penetration of new carbon-sequestering 

άƎǊŜŜƴ ŎŜƳŜƴǘǎέΦ   ¢ƘŜǎŜ ŀǎǎǳƳǇǘƛƻƴǎ ƭŜŀŘ to an assumed 12% reduction in process emissions by 

2020 relative to the baseline, and 42% reductions relative to the baseline in 2050.   

Remaining industries are analyzed in less detail.  However, a general feature of industry is that 

industrial processes often rely on chemical or physical changes that occur at high temperatures 

requiring large amounts of energy.  For this reason, we assume that process heat and various forms 

of electrical heating can substitute for coal, oil and natural gas and that energy efficiency can be 

improved well beyond the levels in the Baseline scenario.   

Overall, energy demands are reduced significantly versus the baseline scenario across all major 

industrial sectors and there is a significant shift away from using fossil fuels toward greater use of 

electricity.  Overall industrial energy demand decreases by 26% in 2020 and by 79% in 2050 

compared to 2010.  This corresponds to an annual average reduction of 3.8%/year between 2010 

and 2050. 

2.3.1 Key Policies 

Key policies required in industry include: 

                                                                                                                                                                                     
¦YΩǎ /h2 emissions have actually gone up 18% on a consumption basis (Wiedmann, 2008).  While we have not been able to 
include these embedded emissions in our analysis, it should be recognized that their exclusion does seriously 
ǳƴŘŜǊŜǎǘƛƳŀǘŜ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ŦƻǊ ǿƘƛŎƘ 9ǳǊƻǇŜΩǎ citizens are responsible. 
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 New regulations and subsidies that help to change production techniques. 

 Accelerated research and development of new techniques and testing of new materials. 

Basic research into alternative chemical feedstocks.  

 Incentives to shift toward less fossil-intensive techniques. Enhancement of the European 

Emission Trading Scheme (ETS) to close loopholes, to require 100% auctioning and eliminate 

άƎǊŀƴŘŦŀǘƘŜǊƛƴƎέ and to set a tighter overall cap for the system compatible with the EU 

domestic 40% target by 2020.   

2.4 Transport  

  
 

  
 
Transportation of people and goods was responsible for 39% of the UKΩǎ total final energy demand 

2005 and is also the sector with by far the fastest growing energy consumption.  Most forms of 

transport directly burn fossil fuels, while those that use electricity (such as passenger and freight rail) 

often rely indirectly on fossil-based electricity. Transport-related emissions in the UK have grown 

rapidly from 153 MtCO2e in 1990 to 201 MtCO2e in 2005.  Two important trends help explain this 

rise: goods and people are travelling further, and they are doing so increasingly by car and lorry 

rather than by rail.  Additionally, passengers have increasingly been travelling by air.  Air travel 

accounted for 8% of total passenger-kilometres in 2005 compared to 5% in 1990.    Our baseline 
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scenario indicates that given a continuation of the trends described above, transportation emissions 

will grow to 216 MtCO2e in 2020 and 272 MtCO2e in 2050. 

Our mitigation scenario calls for dramatic shifts in passenger transport.  In particular, it includes the 

following: 

 Passengers make a greater proportion of their trips by rail instead of in personal vehicles or 

by air.   A large expansion of the rail network (over double the current infrastructure by 

2050) and increases in service frequency and quality enable a strong shift in trips from road 

and air to rail.  By 2050, 80% of intra-EU flights under 1000 km switch to rail by 2050.    

 Passenger travel distances continue to grow through 2020 but stay constant thereafter.  Any 

increases in personal mobility and travel for pleasure beyond 2020 are assumed to be offset 

by reduced business travel in favƻǳǊ ƻŦ ǾƛǊǘǳŀƭ ƳŜŜǘƛƴƎǎ ǳǎƛƴƎ άǘŜƭŜǇǊŜǎŜƴŎŜέ ǘŜŎƘƴƻƭƻƎƛŜǎΣ 

reduced transit distances in urban areas due to increasingly compact communities, and 

increasing number of personal trips by foot or by bicycle.  

 Consumers shift to hybrid and electric cars as soon as they become available and the 

retirement of older vehicles is accelerated.  The stock of vehicles in 2020 could be 

approximately 21% hybrids, 2% electric vehicles, and 78% internal combustion engines.  The 

energy intensity of the fleet of internal combustion engine cars also becomes about 30% less 

energy intensive by 2020: a significantly more aggressive target than the current EU 

regulations on CO2 which call for a 19% decrease in energy intensity for new vehicles by 

2015 vs. current values.    By 2050, virtually all cars on the road are fully electrified.   

 Carpooling increases modestly.  The average number of passengers per vehicle was 1.7 in 

1990, declining to 1.6 in 2006 (EC, 2009).  Increased use of carpooling (and the declining 

ownership of personŀƭ ǾŜƘƛŎƭŜǎύ ǊŜǾŜǊǎŜǎ ǘƘƛǎ ǘǊŜƴŘΣ ǎǳŎƘ ǘƘŀǘ ǘƘŜ άƭƻŀŘ ŦŀŎǘƻǊέ ǊƛǎŜǎ 

gradually reaching 1.75 in 2050. 

 By 2030, rail becomes fully electrified.  

 By 2050, 65% of buses are electrified.     

 Airplanes and ferries become more efficient.   

Freight transport also sees dramatic changes in our mitigation scenario: 

 Due to gains in logistical efficiency and dematerialisation (lower levels of material 

consumptions), the upward trend in the transport of goods (i.e. total tonne-kilometres) ends 

soon after 2010 with freight transport staying roughly constant thereafter .  

 Expanded rail infrastructure enables more goods to be shipped by rail instead of by road.  

The share of rail in freight transport increase from 9% in 2005 to 14% in 2020 and 26% in 

2050.   Road transport decreases its share from 67% in 2005 to 64% in 2020 and 53% in 2050.    

 Lorries become more efficient and electrified or hybridised and all rail freight is electrified. 

By 2050, half of all lorries are electrified or hybridised, with conversion to hybrids beginning 

slowly in 2015, and then ramping up considerably after 2030.  The existing trend towards 

electrification of rail continues such that rail is fully electrified by 2020.  Remaining road 

transport come 20% more efficient by 2020.   

 The energy intensity of shipping declines by 28% between 2010 and 2050.
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While a detailed catalogue of policy actions needed is beyond the scope of this study, bringing about 

the transition could be encouraged by the following: 

 Aggressive vehicle performance and technology standards 

 Build-out of the electric transportation infrastructure, including vehicle charging stations.   

 Scale-up of the rail infrastructure, including high-speed rail.   

 Removing subsidies for air transport.  

 Better urban planning and land use planning to support transit-, bicycle-, and pedestrian-

friendly communities and more transport-efficient urban forms.   

 Other measures such as congestion charges, car free city zones, road pricing, freight charges 

and weight taxes and in general cutting fossil fuel subsidies or introducing carbon taxes. 

 

The net result of these policies on passenger and freight transport would be a dramatic reduction in 

both in energy use and GHG emissions.  Compared to 2010, transport sector energy use is reduced 

by 29% in 2020 and by 68% in 2050.  Consumption of oil (which by 2050 would all be imported) 

drops by 87% compared to 2010 and by 2050 oil makes up only 54% of the energy used in transport, 

down from 93% in 2010.  This decline is due to the electrification of transportation in both the road 

and rail sectors and the overall efficiency improvements in the sector.  Overall, energy consumption 

in the transport sector declines very rapidly at a rate of 3.7% per year, with such rapid rates of 

decline facilitated by the large efficiency benefits of electric drives compared to traditional internal 

combustion engines.   
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2.5 Electric Generation  

  

 

Note: does not include generation or capacity of CHP plants. 

In order to meet the stringent emissions goals set for the mitigation scenario, the UK will need the 

complete and early phase out of all coal and oil fired power generation, while natural gas will be 

relegated to being used only as a backup source of power.    

As noted earlier, at the request of Friends of the Earth, a number of potential mitigation options 

have been excluded from consideration.  Excluded options include nuclear power and coal-fired 

generation coupled with carbon capture and storage (CCS).  Large-scale use of biomass is also 

restricted to the amount that can be grown sustainably within Europe and its use is restricted only to 

CHP plants that can produce both electricity and heat.  With these options ruled out, the mitigation 

scenario relies heavily on renewable sources of electric generation, such as wind, solar, hydro, 

geothermal, wave and tidal power.    

Firstly, in thinking about energy efficiency it is important to note that our mitigation scenario reflects 

extremely ambitious but we believe plausible assumptions about how much energy efficiency can be 

achieved by 2050 in all of the final consumption sectors of the economy (buildings, industry, 
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transport and agriculture).  However, the scenario by design also reflects an overall strategy of 

electrification, whereby localised combustion of fossil fuels is eventually eliminated in many sectors 

in favour of direct consumption of electricity and heat.  So for example, in the transport sector 

electric vehicles replace gasoline and diesel vehicles; while in the buildings sector, heat from CHP 

systems and electric powered ground-source heat pumps provide most of the heating and cooling 

loads remaining after massive efforts to improve building shell energy efficiency.   The benefits of 

this strategy are two-fold: firstly it eliminates many small-scale sources of CO2 emissions and 

secondly it provides a huge new potential for storing electricity (in the form of electric car batteries). 

Thus, while the mitigation scenario reflects huge efficiency improvements (see earlier sections 

ŘŜǎŎǊƛōƛƴƎ ŜƴŜǊƎȅ ŘŜƳŀƴŘǎύ ƛǘ ŀƭǎƻ ǊŜŦƭŜŎǘǎ ŀ άǊŀŎŜέ ōŜǘǿŜŜƴ ŜŦŦƻǊǘǎ ǘƻ ƛƴŎǊŜŀǎƛƴƎƭȅ ŜƭŜŎǘǊƛŦȅ ǘƘŜ Ŧƛƴŀƭ 

consumption of energy.   A key aspect of our scenario is that, by design, we have not allowed 

electricity demands to grow too quickly, especially in the first two decades of the scenario since that 

is the period when fossil and nuclear power plants are also being rapidly phased out.  Allowing 

electricity demands to increase too rapidly in this period (e.g. by pursuing a vehicle electrification 

strategy too rapidly) would require wind and other renewable forms of generation to be built at an 

implausibly high rate.  Because our mitigation scenario assumes that the electrification of transport 

ramps up significantly only after 2030, it posits much lower and thus much more plausible build 

rates for wind and other renewables.    

As an island nation, the UK is particularly well endowed with renewable sources of energy, more so 

than any other European nation.   Our main report summarizes the potential of each major type of 

renewable resource: offshore and onshore wind, solar energy, wave, hydro, biomass and geothermal 

energy.  Offshore and onshore wind and wave power are especially plentiful in the UK.  Our 

ƳƛǘƛƎŀǘƛƻƴ ǎŎŜƴŀǊƛƻ ŦƛƴŘǎ ǘƘŀǘ ǘƘŜ ¦YΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ƴŜŜŘǎ Ŏŀƴ ƭŀǊƎŜƭȅ ōŜ ƳŜǘ ǳǎƛƴƎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅΦ  

In ouǊ ƳƛǘƛƎŀǘƛƻƴ ǎŎŜƴŀǊƛƻ ǘƘŜ ¦YΩǎ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄ ƛƴ нлрл Ŏƻƴǎƛǎǘǎ ƻŦ ру҈ ƻŦŦǎƘƻǊŜ ǿƛƴŘΣ му҈ 

onshore wind, and 7% wave/tidal power.  Hydro, solar energy and biomass-based CHP make up the 

remaining mix.  The 2050 generation mix also includes as much as 8% solar power imported from the 

Middle East and North Africa.   

We should note that our scenario explicitly did not examine the benefits of energy trading between 

nations.  If it had, it is seems likely that the UK would produce even greater amounts of wind and 

wave energy ς making it a net exporter of energy (rather than an importer in our scenario). 

This large share of intermittent renewable forms of energy will need to be coupled with new 

systems for storing energy and for improved management of electric loads.  Our scenario assumes 

that following options are developed to meet this need: 

 Electric Vehicles:  The CO2 emissions reductions benefits of plug-in hybrid and pure electric 

cars in our scenario are reinforced by the potential that these technologies present as a 

store of electrical energy.  Cars not being actively driven could be designed to feed energy 

back into the grid at times when renewable sources are unavailable.   

 Demand Side Management (DSM): New electrical devices and facilities which can be 

switched down or off when supplies are short also have a large potential to help balance 

short term slews in the demand for electricity.   
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 Increased Connectivity to Support Geographic and Resource Diversity:   A key characteristic 

ƻŦ 9ǳǊƻǇŜΩǎ ǊŜƴŜǿŀōƭŜ ǊŜǎƻǳǊŎŜs is that different resources and different temporal demands 

are concentrated in different regions of the continent.  Taking advantage of these variations 

will require a major upgrade to electric transmission systems in Europe.  HVDC systems have 

the potential to operate as EU-ǿƛŘŜ ŜƭŜŎǘǊƛŎƛǘȅ άǎǳǇŜǊƘƛƎƘǿŀȅǎέ ƘŜƭǇƛƴƎ ǘƻ ǎǘŀōƛƭƛǎŜ ƭƻŀŘǎ 

and transport large supplies of power over very long distances.   

 Renewables with Storage:  Current designs for wind and other intermittent renewables are 

a problem for two reasons: not only is power sometimes unavailable when it is needed, but 

transmission systems must also be oversized to accommodate the times when power is 

available.  Coupling renewable generation with localised and relatively long-term energy 

stores can help overcome this problem: transforming intermittent sources of power into a 

reliable, dispatchable and therefore much more valuable source of base-load power.  Many 

promising local storage options are currently being actively developed including compressed 

air energy storage (CAES), fly-wheels, vanadium and other battery storage options, and 

molten salt storage tanks for use in conjunction with concentrated solar power facilities.   
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2.6 Primary Energy Requirements  

  
 
The figure above shows the ¦YΩǎ primary energy requirements of our mitigation scenario: a direct 

result of all of the preceding scenario assumptions and calculations.  Primary energy requirements 

are reduced from 9350 PJ in 2010 to 6818 PJ in 2020 and 2580 PJ in 2050: a reduction of 28% in 2020 

and 72% in 2050 versus 2010.  This corresponds to an annual average reduction of 3.2%/year in 

primary energy requirements. 

Nuclear is quickly phased out. Coal is almost entirely removed by 2035.  By 2050 oil consumption is 

eliminated except for in a few key transport sectors (air travel, shipping, buses and road freight).  

Natural gas remains in 2050 but is restricted to being used only as a backup fuel for a primarily 

renewable-based electric system.  Generation from hydro power stays roughly constant over the 

entire study period, while biomass consumption increases slightly as it is used in new CHP systems.  

The remaining primary requirements are all different types of intermittent renewables, with 

offshore and onshore wind by far the largest options.  For each renewable resource annual 

requirements remain well below the economic potential for the EU27 as a whole.  
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2.7 Non-Energy Sector Emissions  

 

While land use in the UK is currently a sink for CO2 emissions (that is it actively sequesters CO2), the 

agriculture and solid waste sectors are by contrast significant sources of the highly potent 

greenhouse gases such as methane (CH4) and nitrous oxide (N2O).  Industrial processes (i.e. other 

than the direct combustion of fuels) are another significant source of CO2 emissions.   

Our mitigation scenarioΩs projections of non-CO2 greenhouse gases (e.g., CH4, N2O) are based on a 

recent study for the European Commission that study relies on baseline-like projections of energy 

use, agricultural activity, and other trends as provided by individual member countries or by leading 

models where individual countries did not supply data.  It assesses potential baseline adoption of 

these practices based on the latest policy conditions and then assesses mitigation potential above-

and-beyond the baseline for the year 2020.  We adopted these potentials for 2020 and, given the 

high levels of uncertainty have conservatively assumed that the mitigation potentials can be 

increased a further 10% over those found in the study by 2050. 

Of all the options to reduce or remove GHG emissions, those associated with land use can be among 

the most controversial, particularly as the accounting of how much CO2 has been removed is very 

complex and uncertain.  Our baseline projections for net removals due to land use change rely on 

ƳƻŘŜƭƭƛƴƎ ǊŜǎǳƭǘǎ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ Lt//Ωǎ CƻǳǊǘƘ !ǎǎŜǎǎƳŜƴǘ wŜǇƻǊǘ (4AR).  These projections show a 

decline in net sequestration from 9ǳǊƻǇŜΩǎ ŦƻǊŜǎǘǊȅ ǎŜŎǘƻǊ ǘƘǊƻǳƎƘ нлооΣ ǇǊŜǎǳƳŀōƭȅ ŘǳŜ ǘƻ 

saturation of carbon sequestered in trees and a slowing of the rate of reforestation in Europe.   As 

for mitigation potential, various studies suggest a potential for increased sequestration from forests.  

However, these same underlying land resources might also be used for biomass production.  To 

avoid double-counting of the biomass potential from these land resources, and given the increased 

biomass consumption assumed in our scenario, we therefore conservatively assume that no 

ŀŘŘƛǘƛƻƴŀƭ ŎŀǊōƻƴ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǿƛƭƭ ƻŎŎǳǊ ƛƴ 9ǳǊƻǇŜΩǎ forestry sector as compared to the baseline.   
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The figure above summarizes trends in non-energy sector GHG emissions and sinks in our mitigation 

scenario.  The chart includes the total global warming potential (GWP) the gases CO2, CH4 and N2O 

but does not include any of the high GWP gases (HFCs, PFCs, SF6).   The chart includes the main non-

energy sectors: land-use change and forestry, agriculture, waste and industrial process emissions.  

Process emissions from cement manufacture are also included as a separate category and are in 

addition to the energy-related emissions from cement manufacture described in Section 2.3.     

By 2050 net non-energy sector emissions in the mitigation scenario would decline to less than a 

quarter of their 1990 value and less than a half of their 2050 value in baseline scenario, in spite of 

significant declines in the net sequestration from land-use change.  Reductions in net emissions 

primarily come from GHG mitigations measures taken in the waste and agriculture sectors and 

industrial sectors. 

The major mitigation measures considered are as follows: 

Waste 

 Recovery and flaring or use of methane at landfills 

 Recycling of paper and wood waste 

 Composting and biogasification of food waste 

 Improved treatment of urban wastewater at treatment plants (including methane capture) 

 Rural wastewater treatment in latrines and septic tanks 

 Improved treatment and methane capture at industrial wastewater facilities.   

Agriculture 

 Installation of anaerobic digesters to treat animal manures, primarily from cattle and pigs. 

 Altered livestock feeding practices to reduce emissions from enteric fermentation.   

 Alterations in fertiliser amounts and timing to dramatically reduce N2O emissions from 

agriculture. 

 Phase-out of agriculture on peaty or boggy soils very high in organic matter. 

 ! ǎǿƛǘŎƘ ƛƴ 9ǳǊƻǇŜŀƴΩǎ ŘƛŜǘ ǘƻ ŀ ƭŜǎǎ ƳŜŀǘ-intensive and healthier diet, which would not only 

result in reduced direct methane and N2O emissions from livestock, but would also reduce 

N2O emissions from fertilising crops used to feed the animals.   

Industrial Processes 

 Capture of methane from coal mines and oil and gas sector facilities. 

 Upgrading of natural gas distribution networks to reduce methane leaks. 
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3  
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3.1 GHG Emissions 

  

 

The figures above show how the UK can achieve the overall domestic goal of cutting emissions by 

41% in 2020 and by 90% in 2050.   This will require annual average reductions of 4.0%/year from 

2010-2020 and reductions of 5.8% thereafter, corresponding to an annual average reduction of 

5.3%/year over the whole period. 

!ǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ ǘƘŜ ǘƘƛǊŘ άǿŜŘƎŜέ ŘƛŀƎǊŀƳ ōȅ ŦŀǊ ǘƘŜ ƭŀǊƎŜǎǘ ǊŜŘǳŎǘƛƻƴǎ Ŏŀƴ ŎƻƳŜ ŦǊƻƳ ǘƘŜ 

transport and electric generation sectors.  By 2020, transport measures provide 39% and electric 

generation measures provide 32% of the total reductions of 202 MtCO2e/year relative to the 

baseline.  By 2050, transport provides 45% and electricity 30% of the total reductions of 545 

MtCO2e/year relative to the baseline. 
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4 Part 2: International Obligations: Sharing the Burden  

Obviously, a meaningful solution to the climate crisis must induce an urgent and sweeping 

transformation of the global emissions trajectoryΣ ƴƻǘ Ƨǳǎǘ 9ǳǊƻǇŜΩǎΦ  .ǳǘ, such a global 

transformation will be practically viable and politically acceptable only if it does not compromise 

development.  Developing countries can be expected to reject any climate regime that jeopardises 

their efforts to eradicate poverty and to advance the standard of living of their people.   

The logical implication of this is that a climate regime must be based on a burden-sharing approach 

that explicitly safeguards development while transparently defining the scale of different countrƛŜǎΩ 

carbon mitigation responsibilities.  In particular, such an approach must ensure that developing 

countries are not asked to bear costs of the global climate transition that would undermine 

development prospects. 

In our main report, we use the Greenhouse Development Rights (GDR) framework2 to calculate 

obligations for EU countries under just such a global burden-sharing framework.  The burden-sharing 

principles of the GDRs framework provide the basis for an explicit quantitative analysis of any 

ŎƻǳƴǘǊȅΩǎ ƻōƭƛƎŀǘƛƻƴ ǳƴŘŜǊ ŀ Ǝƭƻōŀƭ ŎƭƛƳŀǘŜ ǊŜƎƛƳŜΦ   

The GDRs approach ŎŀƭŎǳƭŀǘŜǎ ŀ ŎƻǳƴǘǊȅΩǎ ǎƘŀǊŜ ƻŦ ǘƘŜ ōǳǊŘŜƴ ōȅ ǘŀƪƛƴƎ into account both its 

responsibility for causing climate change and its capacity for addressing the problem.  Responsibility 

is defined as cumulative emissions since 1750 corresponding to consumption above a pre-defined 

development threshold.  Capacity is defined as income above the same development threshold. 

Using the GDRs framework, the UK, with its wealth built upon energy from fossil fuel use over two 

and a half centuries, is calculated as having 5.7% of the overall emissions reduction burden needed 

globally in 2020 (nearly 15000 MtCO2e/year).   This amounts to 835 MtCO2/year, which is 132% of 

ǘƘŜ ¦YΩǎ ŜƳƛǎǎƛƻƴǎ ƛƴ мффлΦ   

Clearly, a mitigation obligation of this scale is only meaningful if it is understood as a two-fold 

obligation to, on the one hand, undertake mitigation domestically and, on the other, invest in 

mitigation internationally.   

The domestic reductions necessary for the UK to reach a 41% goal by 2020 (202 MtCO2e in 

aggregate) are barely 24% of its total reduction obligation (835 MtCO2e) implied by the GDRs 

analysis, leaving a significant amount of additional effort required in the form of finance and 

technology for international mitigation.   

The remaining mitigation would have to be achieved through international financial and 

technological assistance.  While it would be useful to know the exact scale of this obligation in 

financial terms, there remains uncertainty about the cost of reductions.  We estimate the amount to 

be between ϵ32 ōƛƭƭƛƻƴ ǘƻ ϵ95 billion in 2020 depending on the whether the average cost of 

mitigation is ϵ50/tCO2e or ϵ150/tCO2e, which respectively translates into 1.4% and 4.3% of the UKΩǎ 

ǇǊƻƧŜŎǘŜŘ нлнл D5t ƻŦ ϵ2.2 trillion. 

                                                           
2
 For a full explanation of the Greenhouse Development Rights framework, see Baer et al, (2008), and the resources 

available at www.GreenhouseDevelopmentRights.org   

http://www.greenhousedevelopmentrights.org/
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5 Conclusions 

Even while science is unambiguously telling us that even 2°C of warming would be highly dangerous 

for our planet, many people are rapidly losing all confidence that we will be able to prevent this level 

of warming, or even far more.  But a climate catastrophe can be averted.  Doing so demands political 

leadership and courageous policy initiatives, both of which go well beyond politics as usual. 

In this case study, we used the Greenhouse Development Rights (GDRs) framework as a basis for 

establishing how the burden of addressing the climate challenge can be shared fairly among 

countries, with specific calculations reported for the UK.  We showed that the UK has a total 

mitigation obligation of 132% below 1990 levels by 2020.   

This figure is only meaningful if it is understood as a two-fold obligation to, on the one hand, 

undertake mitigation domestically and, on the other, invest in mitigation internationally.  Our 

analysis suggests that the UK can meet a domestic target of 41% cuts by 2020 and at least 90% cuts 

by 2050 versus 1990 levels.  Our calculations also suggest that the UKΩǎ ƴŜŜŘǎ ǘƻ ŎƻƳƳƛǘ ǘƻ ƳŜŜǘƛƴƎ 

its international financing obligations, which based on our GDRs analysis would likely be between 

ϵ32 ōƛƭƭƛƻƴ ŀƴŘ ϵ95 billion in 2020 depending on the average cost of mitigation, or approximately 

1.4% to 4.3% of projected 2020 GDP in the mitigation scenario. 

We also examined whether and how the UK could embark on its own transition to a low GHG future 

ς enabling it achieve the domestic emission reduction targets identified above.   We concluded that 

such a transition is technically feasible, without international carbon offsetting schemes and whilst 

phasing out nuclear power facilities, and without resorting to carbon capture and storage (CCS) for 

fossil-based electricity generation or agrofuels for transportation.   

Our report should not be read as an exclusive endorsement of this particular mitigation pathway.  

While it shows that the deep cuts that science tells us are needed can indeed be achieved without 

undue economic pain, they might equally be achieved through other pathways, some of which may 

well be socially, economically and politically preferable to those identified here.  Whatever pathway 

is chosen, one point is absolutely clear: it will not happen spontaneously.  It will require brave 

political leadership and a major mobilisation of effort of the type normally only seen in wartime.   

Current climate and energy policies do not give any promising signals that such a major shift in 

policies is underway.  They have been instead ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ǿŜŀƪ άŀǎǇƛǊŀǘƛƻƴŀƭέ ǘŀǊƎŜǘǎΣ ŀ ƭŀŎƪ ƻŦ 

overarching climate measures mainstreamed into the whole economy, a reliance on offsetting 

emission reductions rather than cutting emissions within the EU and a lack of public financing and 

technology for the global south.  In short a combination of policies that puts us firmly on course to 

exceed 2°C of warming.  

It is worth noting ǘƘŀǘ ǘƘŜ ¦YΩǎ /ƭƛƳŀǘŜ /ƘŀƴƎŜ !Ŏǘ нллу ǎŜǘǎ ƻǳǘ ŀ ƭŜƎŀƭ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ŜƳƛǎǎƛƻƴǎ 

reductions of 34% by 2020 (or 42% in the event of an international agreement) and 80% by 2050. 

The use of trading mechanisms is not excluded so these targets, whilst legally binding, do not need 

to be met exclusively domestically. However the use of 5-ȅŜŀǊ ǉǳŀƴǘƛŦƛŜŘ άŎŀǊōƻƴ ōǳŘƎŜǘǎέ ƛǎ ŀ 

notable element. At any one time, three budgets must be in place (currently to 2022) so the 

framework is long-term and extends beyond the lifetime of any particular Government.  
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Despite this framework, and while there clearly has been a massive surge in interest in addressing 

the climate crisis in recent years, we are still very far from doing what is needed.   Moreover, the 

needed mobilisation needs to start immediately so that global emissions can start to decline in this 

decade.  Failure to act quickly and decisively will virtually guarantee dangerous warming far above 

2°C. 

The initial cost of the domestic mobilisation in the UK (between 2010 and 2020) is likely to be 

between 1% and 3% of GDP.  In addition to this, the cost of the necessary international support for 

mitigation in developing countries may be another 1.4% to 4.3% of GDP. While this is not a trivial 

sum by any means, it also is not a prohibitive cost (the 2009 bail-out of UK banks certainly exceeded 

these sorts of figures).  In fact, it can even be considered a small cost when viewed in the context of 

the dire climate crisis we are facing.  Even the upper end of this cost range would still be less ς and 

possibly much less ς than the cost of inaction.  

These costs can also be compared against estimates of the costs of not acting to protect the climate.  

The Stern review on climate change (Stern, 2006), perhaps the most authoritative source in this 

regard, estimates that losses to global GDP will amount to at least 5% but perhaps more than 20%. 

Thus, the cost of uncontrolled climate change will be significantly higher than the scale of financial 

contributions discussed today to address the financial crisis. Moreover, delay in implementing 

significant GHG reductions is likely to increase these costs. 

As this study has shown, the technological opportunities are waiting to be exploited and the 

economic costs are eminently bearable.  It appears to be only the lack of political will that prevents 

the UK and Europe from assuming a position of global climate leadership. 
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