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Founded in June 2009, the UCL Energy Institute (UCL-Energy) was established as UCL’s response to 
the global challenges of mitigating climate change and providing energy security in the 21st century.
UCL-Energy, which sits within the Bartlett Faculty of the Built Environment at UCL, brings together 
different perspectives, understandings and procedures in energy research, transcending the boundaries 
between academic disciplines. It coordinates multidisciplinary teams from across the University, with 
the aim of accelerating the transition to a globally sustainable energy system through world-class 
energy research, education and policy support.
http://www.ucl.ac.uk/energy 

The Institute for Sustainable Development and International Relations (IDDRI) is a non-profit policy 
research institute based in Paris. Its objective is to determine and share the keys for analyzing and 
understanding strategic issues linked to sustainable development from a global perspective. IDDRI 
helps stakeholders in deliberating on global governance of the major issues of common interest: 
action to attenuate climate change, to protect biodiversity, to enhance food security and to manage 
urbanization, and also takes part in efforts to reframe development pathways.

The Sustainable Development Solutions Network (SDSN) was commissioned by UN Secretary-Gen-
eral Ban Ki-moon to mobilize scientific and technical expertise from academia, civil society, and the 
private sector to support of practical problem solving for sustainable development at local, national, 
and global scales. The SDSN operates national and regional networks of knowledge institutions, 
solution-focused thematic groups, and is building SDSNedu, an online university for sustainable 
development. 
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Executive summary

2015 is a critical year for making progress on international efforts to combat climate 
change, with the next major summit, COP21 in Paris, a key event for moving the agen-
da forward. The window of opportunity for ensuring we have any reasonable chance of 
limiting global temperature rise to no more than 2°C is rapidly closing. What is urgently 
needed is both near term political action to ensure that we get on a sustainable pathway, 
and a longer term outlook that provides a vision of how to transform energy systems to 
being low-carbon.

The Deep Decarbonization Pathways Project (DDPP) is an important initiative that seeks 
to demonstrate how major emitting countries can transform their energy systems, to de-
liver long term, sustainable emission reductions. Crucially, the pathways are for individual 
countries, operationalising the types of action required now, over the next 15 years, and 
in the long term, out to 2050.

This is the UK country report under DDPP, setting out some of the domestic opportunities 
and challenges in ensuring deep decarbonisation, and the role the UK can play in helping 
lead efforts to combat climate change internationally.  The UK has been a leader in leg-
islating long-term climate mitigation targets and crucially setting a binding institutional 
and reporting framework to ensure that a series of 5-year carbon budgets are adhered 
to. In summary, this report seeks to demonstrate, alongside other countries, that a 2°C 
target could be achievable, and still remains an important political goal to aim for at the 
coming climate talks in Paris.

Over the last 10 years a coordinated modelling effort for the UK Government has estab-
lished that significant emissions reductions in the UK energy system are achievable, based 
on the mix of technologies that is available or that will soon be commercial, and that the 
costs of such a transition is manageable.  Analysis also suggests that this transition affords 
the UK an opportunity to address some entrenched problems in the current system in 
a sustainable manner, such as capacity replacement in the power sector, greater use of 
indigenous renewable resources reducing reliance on fossil imports, and energy efficiency 
as a tool to alleviate fuel poverty experienced by many low income households.

However a robust discussion continues about what type of pathway the UK should choose. 
This debate has been sharpened by the recent financial recession which has highlighted the 
challenges in government funding of new technologies and infrastructures, and the lack of 
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Executive summary

social acceptance of energy price increases without the benefits being clearly articulated. 
This debate also reflects key uncertainties around the role of specific technologies, and 
the effectiveness of policies to deliver such a major transformation. However, uncertainty 
must not be a basis for inaction; the role of Government must be to put in place the 
right policy framework now that drives technology development and deployment at 
scale, facilitates market uptake of new technologies, and engages society in what will be 
a re-orientation of the energy system. 

The modelling and supporting analysis featured in this report provides some key insights 
into the low-carbon transition, from which we can draw some important conclusions for 
the policy process.

Reducing emissions from the power generation in 2030 by 85-90% relative to cur-
rent levels is critical, to meet domestic climate objectives and to provide the platform 
for the expansion of electrification of end-use sectors thereafter. In addition to being the 
most cost-effective sector in which to target action, the power sector allows for more 
rapid GHG reduction potential within the tight timescales of the next 15 years, with the 
near term need to replace much of the current capacity affording an excellent opportunity 
for this transition. 

However, the costs of mitigation in the power sector would be significantly higher 
without specific key low-carbon technologies. Delay in deployment and subsequent 
lower levels of nuclear and carbon capture and storage (CCS) leads to significantly higher 
costs of abatement. CCS is not only important for low-carbon expansion of the power 
sector, but also key to the provision of mitigation in the industry sector and low-carbon 
hydrogen supply. 

While some important progress has been made through the Electricity Market Reform 
process, we have highlighted concerns around consistency of the current policy approach, 
notably the capacity mechanism to ensure system stability, and the lack of certainty for 
investors due to inadequacy of the policy timeframe. It is also important that all current 
low carbon technologies continue to be supported with the necessary incentives and 
policies, particularly those that are proven and cost-effective e.g. onshore wind. If these 
related issues are not addressed, there is a real risk of ‘slippage’ in the deployment 
at sufficient scale of low-carbon generation technologies.

The evidence base is now well established that demand side measures can reduce costs by 
decreasing energy service requirements, and this should also be a key focus for Government. 
A stronger policy approach is needed to deliver energy efficiency retrofits of existing 
buildings in the near term, and to increase the deployment of demand side reduction and 
modal shifting measures in the transport sector. More effective delivery of energy efficiency 
across end use sectors requires improved understanding of consumer’s response to energy price 
changes as well as desired levels of energy service demands. Furthermore, additional modeling 
is required on the interactions between institutions and society. Finally, if the potential of the 
residential buildings sector is to be achieved, affordable energy solutions need to be found for 
lowest income groups at most risk from fuel poverty.
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Significant re-orientation of energy supply to end use sectors will be required in a low- 
carbon system. Electrification of these sectors by 2050 is between 30 – 40% (of final energy), 
a more than doubling of supply relative to current levels. An increased share of electricity 
would be challenging as firstly, it is very difficult for electricity to displace all gas used for 
heating buildings, due to the large peak demand in winter, and secondly our assumption that 
battery electric technology only applies to light duty vehicles. These barriers could of course 
be both overcome by development and deployment of cost-effective battery technology.

A significant role for fossil fuels in the energy system after 2040 is wholly contingent on 
CCS. Our analysis shows that the continued use of gas on the supply side is subject to its 
use in CCS, for electricity and hydrogen production. It is imperative that energy policy 
first focuses on developing CCS technology, not in developing new fossil resources, 
which cannot be used otherwise. 

Bioenergy can play an important role in decarbonisation – including for providing negative 
emission savings – but this is limited by supply availability. We estimate that bioenergy 
can only account for around 15-20% of UK primary energy at best, and that there is 
significant uncertainty around resource availability and costs, particularly with all other 
countries accessing global supply for decarbonisation. 

Our analysis also suggests that further strengthening of the UK long-term mitigation 
target would be extremely challenging via a technology-focused approach alone, ow-
ing to hard-to-mitigate residual emissions in specific sectors. Notably, non-CO2 GHGs, and 
CO2 from international aviation, account for 70% of residual emissions in 2050, meaning 
that UK territorial energy sector emissions must reduce by 90%, relative to 1990 levels, 
with very high mitigation costs at the margin. And we note that this situation could be 
further compounded if our technical modelling assumptions in other sectors (e.g., hydrogen 
in freight and international shipping) are found to be optimistic. 

It is important to recognise the fragility of these challenging mitigation objectives. With-
out a sustained and strong policy push that increases year on year in ambition, 
the delivery of low carbon technologies at sufficient scale will not be achieved. 
This applies across the technology spectrum from low-carbon technologies for power 
generation through to deployment of heat pumps in the building sector and low emission 

vehicles in transport. 

Policymakers have a significant challenge in facilitating the change required. Fundamentally 
this revolves around a clear and consistent policy framework in terms of pricing, innovation 
and removal of market barriers. What is crucial is a consistent package of measures, where 
short and long term decisions all move in a ‘low-carbon direction’. Examples of this are 
firstly, that longer term infrastructure policy needs to take account of GHG reduction 
targets, including airport expansion, other transport infrastructure (incl. urban design), and 
extractive industries. And secondly, that current and future policy must deliver certainty 
for investors, particularly given the lead in time and payback periods for longer lived en-
ergy system assets. It also needs to recognise that this transition will be to a more capital 
intensive, fixed cost system, requiring necessary incentives and access to capital. 
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Finally, it is important that Government keeps the 2050 target under review, and reflects 
whether it should be tightened based on the science. It is evident from the IPCC budgets 
that we will the need to move to a net zero emission situation soon after 2050. Further work 
is needed to develop our modelling capability to firstly provide improved representation 
of options in those hard-to-mitigate sectors, to explore stronger mitigation ambition, such 
as additional demand side and action and potentially lifestyle options. There is also a need 
to start considering the post-2050 system, to better understand whether our longer term 
investments to 2050 are adequate for the more ambitious reductions required thereafter.

The UK, like most other countries, will not be able to deliver the required transition to 
a deeply decarbonised system alone. Firstly, there will need to be strong international 
cooperation on key technologies, such as CCS, where learning has to be fairly rapid if 
indeed this technology can be scaled globally to the required levels. The UK can also look 
to develop technologies in areas where it has specific expertise, notably offshore wind and 
marine technologies. Secondly, the UK should looks for ways to share experiences of what 
policy mechanisms have worked, and approaches to setting up institutional capacity. The 
UK can also learn from effective action in other countries. Thirdly, the UK should at least 
maintain and look to increase its assistance to developing countries in the area of climate 
change and sustainable energy through various channels, including via DFID funding. 
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1Introduction

1.1  The need for deep 
decarbonisation of the global 
energy system
The 5th Assessment Synthesis Report (AR5) of 
the Intergovernmental Panel on Climate Change 
(IPCC 2014) states (with high confidence) that 
‘Without additional mitigation efforts beyond 
those in place today, and even with adaptation, 
warming by the end of the 21st century will lead 
to high to very high risk of severe, widespread, 
and irreversible impacts globally.’ Addressing 
the challenge of climate change is recognised 
by many Governments as an imperative. At the 
20th session of UN Framework Convention on 
Climate Change (UNFCCC) Conference of Parties 
(COP20) in Lima, the UN Secretary General reit-
erated the need to ensure future global tempera-
ture rises do not exceed 2 °C, stating that ‘There 
is still a chance to stay within the internationally 
agreed ceiling of less than 2 degrees Celsius global 
temperature rise. But the window of opportunity 
is fast closing. All countries must be part of the 
solution…it is a time for transformation.’1

All countries need to act because the required 
GHG emissions reductions are large, timescales 
in which to act are short, given the finite carbon 
budget available. According to the IPCC (2014b), 
to ensure a better than evens chance of remain-
ing below a 2 °C average surface temperature 
rise (relative to 19th century global temperatures) 
will require global reductions in GHG emissions 
(relative to 2010) of 42-57% by 2050, and 73-
107% by 2100. For CO2 alone, these emissions 
reductions correspond to a cumulative budget of 
860-1180 GtCO2 for the years 2011-2050. On 
average, this means limiting global CO2 emis-

sions to around 26 GtCO2 every year; current 
emissions since the start of this budget period 
have been around 35 GtCO2,2 a 34% overshoot 
each year.
With CO2 from fossil fuels and industrial process-
es accounting for 65% of total global GHG emis-
sions in 2010, and 78% of the total GHG emis-
sion increase from 1970 to 2010 (IPCC 2014b), 
achieving the emissions reductions required to 
limit warming to 2 °C will require deep decarbon-
isation of the global energy system. This means a 
radical shift away from the use of fossil fuels in 
all sectors of the economy, through four ‘pillars’ 
of decarbonisation: improved energy efficiency, a 
switch to lower carbon fuels, decarbonisation of 
electricity and demand reduction. It will be im-
perative that action is taken across all countries, 
given the scale of the challenge and the need to 
cooperate internationally. A recent Nature paper 
(McGlade and Ekins 2015) reinforced the need 
for reducing the use of fossils fuels in the energy 
system, by suggesting that out to 2050 a third of 
oil reserves, half of gas reserves and over 80% of 
current coal reserves should remain in the ground 
to meet the 2 °C target. 
2015 is a critical year for making progress on 
international efforts to combat climate change, 
with COP21 in Paris a key event for moving the 
agenda forward. Further delays in action to 2030 
is estimated to substantially ‘increase the difficulty 
of the transition to low longer-term emissions lev-
els and narrow the range of options consistent with 
maintaining temperature change below 2 °C rela-
tive to pre-industrial levels’ (IPCC 2014b). The UK 
Government has recognised the need for global 
action on climate change, and has led the way in 

1	

1	 Remarks by the Secretary General at COP20, Lima, 9th December 2014. http://unfccc.int/files/meetings/lima_
dec_2014/statements/application/pdf/cop20cmp10_opening_speech_ban_ki_moon.pdf

2	 PBL/JRC (2014). Trends in global CO2 emissions: 2014 Report, PBL, Netherlands Environmental Assessment Agency 
The Hague, 2014. ISBN: 978-94-91506-87-1.
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establishing a legislative framework for reducing 
domestic emissions. As Ed Davey, the UK’s former 
Secretary of State for Energy and Climate Change 
stated in 2014, ‘We need a deal in Paris – there is 
no alternative that will protect our national security, 
our economy and the way of life we take for grant-
ed.’3 The new UK government has an important 
role in building momentum with international 
partners in the run up to COP21.
This report describes how the UK has started to 
re-orientate its energy systems towards a lower 
carbon model, and sets out how it might achieve 
the objective of deep decarbonisation by 2050. It 
highlights both the challenges and opportunities 
of such a transition, and the vital importance of 
global cooperation for technology R&D, resource 
management and financing. 

1.2  The DDPP initiative

The Deep Decarbonization Pathways Project 
(DDPP) is an international initiative, aimed at 
understanding and demonstrating how major 
emitting countries can transition to low-carbon 
economies, and in doing so move towards the 
internationally agreed 2°C target. Led by the UN 
Sustainable Development Solutions Network 
(SDSN), and the Institute for Sustainable Devel-
opment and International Relations (IDDRI), Paris, 
it comprises 16 countries that account for over 
70% of current global greenhouse gas emissions. 
Participating countries include Australia, Brazil, 
Canada, China, France, Germany, India, Indonesia, 
Italy, Japan, Mexico, Russia, South Africa, South 
Korea, the United Kingdom, and the United States.
This is a unique collaborative assessment. For 
the first time, a comprehensive analysis is being 
undertaken from the national perspective, to ex-

plore radical emission reduction pathways. The 
key benefit is that the analyses under the DDPP 
take account of national circumstances. In turn, it 
is hoped that this establishes greater traction with 
national stakeholders, and shows how the type of 
pathways required to move us towards the 2 °C 
target can be operationalised at the country level. 
An important feature of DDPP is that it aims to ask 
how far all countries can decarbonise. Therefore, 
there is no explicit discussion of differentiating 
targets and resolving the equity dimension. The 
principle is that all countries need to act, and de-
carbonise strongly. However, it is recognised that 
further consideration of enabling mechanisms is 
required, including how developed countries can 
support action in developing countries through 
financing and technology transfer.
An interim DDPP analysis was published in Sep-
tember 2014 (SDSN & IDDRI, 2014), and pre-
sented to Ban Ki Moon at the World Leaders’ 
Climate Summit. It presents a global pathway 
that shows a CO2-energy emissions level of 12.3 
Gt by 2050, down from 22.3 Gt in 2010, repre-
senting a 45% decrease over the period, and a 
56% and 88% reduction in emissions per capita 
and the carbon intensity of GDP, respectively. 
While not sufficient to make staying below the 
2 °C limit likely4, this initial pathway provides 
the basis for further iterative analysis in 2015 to 
explore deeper decarbonisation pathways. 
The interim report also highlighted a number of 
important findings, including the need for global 
cooperation on technology research and devel-
opment, challenges to abatement action in spe-
cific sectors, and the need for Deep Decarbonisa-
tion Pathways (DDPs). The report concludes that 
DDPs are crucial ‘to developing a long-term vision 
for deep decarbonization and shaping the expecta-

3	 Quotation reported in a Telegraph newspaper article, http://www.telegraph.co.uk/earth/environment/
climatechange/11262835/One-year-to-save-the-planet-from-climate-change-disaster-Ed-Davey-warns.html

4	 The pathway is not sufficient for two reasons; firstly, emissions peak too late to stay within cumulative budgets, 
and secondly, the 2050 level does not leave sufficient emissions headroom for all the other countries not included 
in this analysis.
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tions of countries, businesses, and investors about 
future development opportunities. The DDPP and 
similar processes afford a unique opportunity for 
teams to work together across countries to map 
out how the global 2 °C limit can be operational-
ized and achieved at the country level.’

1.3  The UK country analysis

This UK country report under the DDPP is an inde-
pendent analysis of UK transition pathways aimed 
at contributing to the national debate on climate 
change action, and will feed into the final DDPP 
report, scheduled to be published in September 
2015. It outlines the possible pathways that the 

UK could take to decarbonise its energy system. It 
first provides the UK context in section 2, describ-
ing the established legislative framework and pol-
icy priorities for energy system decarbonisation. It 
also highlights other scenario analyses that have 
been undertaken to inform low-carbon transition 
pathways. Section 3 underlines the challenge for 
the UK, describing the historic and current emis-
sions. Section 4 introduces the scenario modelling 
undertaken for the DDPP initiative, including the 
analytical framework, with sections 5-7 present-
ing the results. Section 8 sets out the key conclu-
sions, and what the emerging insights mean for 
domestic policy and international co-operation 
and coordination. 

Box 1. Reasons for optimism that, with strong political will and immediate action, a 2°C target can be achieved

In addition to the economic and technical arguments set out in this report showing how we can realise signi�cant GHG reductions in the future, current events suggest 
reasons to be cautiously optimistic that countries can start to work together to build a strong framework for delivering a global 2°C pathway.

1. Action pledged by leading nations. In November 2014, China and the USA released a Joint Announcement on Climate Change.1 In this strongest political 
statement on climate change to date, the USA stated that it intends to achieve an economy-wide target of reducing its emissions by 26%-28% below its 2005 level 
in 2025 while China intends to achieve the peaking of CO2 emissions around 2030. Such levels of ambition had not been stated previously and, while insuf�cient to 
achieve the 2°C objective, it at least re�ects a more positive direction of travel.

2. Emissions growth can be stabilised. The International Energy Agency (IEA) stated in March 2015 that preliminary �gures suggest that energy-related CO2 
emissions have not increased in 2014. This is the �rst time in 40 years where a halt or reduction in emissions was not tied to an economic downturn.2 
If such estimates are correct, it helps further demonstrate that continued growth can be achieved without increased emissions.

3. Increasing focus on addressing supply of fossil fuels. Strong attention continues to focus on the idea of constraining the supply of fossil fuels, gaining 
increased traction through scienti�c work on what reserves need to remain in the ground (McGlade and Ekins 2015), the fossil fuel divestment campaign3, 
and consideration of energy sector liabilities, including the issue of a carbon bubble.4

4. Strong global growth in renewable energy. Renewable energy growth continues to be strong, with the United Nations Environmental Programme (UNEP) 
reporting that global investment in renewable technologies grew by 17% in 2014, reaching $270 bn. This year also saw the highest level of newly installed capacity 
of 103 GW (compared to 86 GW and 89 GW in 2013 and 2012 respectively).5 The outlook is also positive; the IEA projects that over the medium term, global 
renewable electricity generation is projected to grow by almost 45%, or 2245 TWh, to over 7310 TWh in 2020 (+5.4% per year).6 Much of this growth will be driven 
by large emerging markets, such as India and China, which have very ambitious renewable energy programmes. In addition, a number of commentators have 
suggested that lower oil prices may not necessarily impact renewables growth as such technologies become increasingly cost-competitive.7 

[1] U.S.-China Joint Announcement on Climate Change 
https://www.whitehouse.gov/the-press-of�ce/2014/11/11/us-china-joint-announcement-climate-change

[2]  IEA news release Global energy-related emissions of carbon dioxide stalled in 2014 
http://www.iea.org/newsroomandevents/news/2015/march/global-energy-related-emissions-of-carbon-dioxide-stalled-in-2014.html

[3]  For example, the Guardian’s Keep it in the ground campaign
http://www.theguardian.com/environment/ng-interactive/2015/mar/16/keep-it-in-the-ground-guardian-climate-change-campaign

[4] In March 2015, the Bank of England stated that it has been carrying out analysis to better understand the risks associated 
with insurers investing in assets that could be left ‘stranded’ by policy changes which limit the use of fossil fuels. 
http://www.bankofengland.co.uk/publications/Documents/speeches/2015/speech804.pdf

[5]  Global Trends in Renewable Energy Investment 2014, UNEP. 
http://fs-unep-centre.org/publications/gtr-2014

[6] Medium-Term Renewable Energy Market Report 2014, IEA. 
https://www.iea.org/Textbase/npsum/MTrenew2014sum.pdf

[7]  For example, 
http://www.bloomberg.com/news/articles/2015-03-30/cheap-oil-unlikely-to-slow-growth-of-renewables-citigroup-says
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2Decarbonisation in the UK: context and 
understanding

2.1  Moving from aspiration to 
legislation
The case for deep decarbonisation of the UK 
energy system was first made in a landmark 
report by the Royal Commission on Environ-
mental Pollution in 2000 (RCEP 2000), which 
proposed a voluntary 60% reduction in CO2 
emissions by 2050, recognising the serious 
challenge of climate change. Over the decade 
that followed, the Government undertook a 
number of strategic analyses, notably in 2003 
and 2007 (DTI 2003, DTI 2007), which further 
assessed the techno-economic implications of 
long term deep decarbonisation. These strat-
egies, and supporting modelling (for example, 
Strachan et al. 2008), laid the foundation, in 
2008, for the UK to be the first G20 economy 
to legislate a long-term emission reduction 
target. Under the Climate Change Act 2008,5 a 
GHG reduction target of 80% is to be achieved 
by 2050 (relative to 1990 levels), with a set of 
5-year carbon budgets independently proposed 
and monitored by the statutory Committee on 
Climate Change (CCC). 
In their first report providing guidance on set-
ting the 2050 target, the CCC (2008) proposed 
that the UK should adopt a target for a reduc-
tion of at least an 80% reduction in GHGs for 
2050, stating that ‘the Committee’s opinion is 
that it is difficult to imagine a global climate 
deal which is either pragmatically achievable 
or fair which does not involve the UK and other 

developed countries reducing their emissions, 
over the long-term, to a per capita level which 
if applied across the world would be compatible 
with our climate objectives, that is jus t over 
2 tonnes of CO2-equivalent per capita.’ 
The question is whether this is indeed deep de-
carbonisation, and whether the UK should go 
further? The latter point relates to the equity 
question, and is not one that we consider in 
this report, or the wider DDPP analysis (as men-
tioned earlier). Concerning our concept of deep 
decarbonisation by 2050, our scenarios achieve 
1.5 tCO2 / capita,6 which is broadly consistent 
with what is needed globally to achieve the 2 
°C target, acknowledging the large range of un-
certainty in the IPCC AR5 budgets. Importantly, 
the CCC leaves the door open to more ambitious 
longer term action, stating that the 2050 reduc-
tion should be ‘at least’ an 80% reduction. Later 
in the report (section 8), we discuss the potential 
for further reductions in 2050, and what would 
be needed to achieve this. 
Since 2008 the focus of Government (and ad-
vice from the CCC) has firstly been on what 
interim levels of GHG reduction there should 
be in order to meet the final 2050 decarbonisa-
tion target. These five-yearly targets have been 
termed the UK’s ‘carbon budgets’.7 Secondly, 
the Government has developed a portfolio of 
measures to achieve these proposed emission 
reductions. Some of the key measures are de-
scribed in Table 1.

2	

5	 Climate Change Act, 2008. Chapter 27. The Stationary Office. Available at: http://www.opsi.gov.uk/acts/acts2008/
ukpga_20080027_en_1S

6	 For all GHGs, the figure is 2.1 t/CO2e / capita.

7	 The overarching Government decarbonisation strategy is described in DECC (2011), and sets out how the UK will 
meet its first four carbon budgets, out to 2027. Advice to Government on meeting carbon budgets can be found 
in CCC (2013, 2010). 
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Electricity Market Reform (EMR)
EMR focuses on delivering a low-carbon system that is both cost-effective and reliable. It has four key elements - 
1. Emissions Performance Standard (EPS), to prevent the construction of new coal-�red power stations (without carbon capture and storage (CCS)). 
2. Contracts-for-Difference (CfDs), to encourage investment in low-carbon electricity generation by providing companies with a guaranteed �xed price 

for the power they generate. 
3. Capacity Market mechanism, to ensure reliable forms of power (both demand and supply side) are available during high demand periods. 

This is done via payments to generators for ensuring the availability of reliable sources of capacity.
4. Carbon Price Floor (CPF), a carbon tax to make low-carbon generation more competitive with fossil fuel generation.

CCS Commercialisation competition[1]
The Government is funding two demonstration projects - White Rose Project and the Peterhead Project. These projects, currently in the design phase, 
and their associated infrastructure are seen as crucial to ensuring that this technology can be established commercially by the late 2020s. 

Renewable Heat Incentive (RHI)[2]
The RHI, split into domestic and non-domestic schemes, aims to provide �nancial incentives to invest in renewable energy. The domestic scheme, implemented 
in 2014, pays participants per unit of heat generated for 7 years from a range of renewable technologies – heat pumps, biomass boilers & solar thermal. 
The non-domestic scheme (including industry) was introduced in 2011, and subsequently enhanced in 2013 to improve take-up. 

This is a scheme that provides home energy ef�ciency assessments and loans to implement improvements, focusing on cavity and loft insulation. The 
scheme has largely been disappointing based on a low uptake of loans, due to unattractive interest rates. Additional incentives introduced in 2014 hope to 
improve the impact of this scheme.

Energy Company Obligation (ECO)
This measure puts obligations on energy companies to implement certain energy ef�ciency measures. Some elements are speci�cally targeted at low income 
households, focusing on lower cost improvements; this has proved relatively successful. However, other elements focused on harder-to-treat homes have been 
less successful, in part due to higher costs (CCC 2014).

EU targets on emissions from cars and vans
EU targets on emissions from new light duty vehicles will help to drive ef�ciency of ICEs and the promotion of low emissions vehicles (LEVs).

Fiscal measures to encourage take-up of lower emission vehicles

A number of measures seek to promote vehicles with lower emissions including Vehicle Excise Duty and Company car tax graduated according to CO2 
emissions, and capital allowances for �rms on low emissions vehicles (CCC 2014). 

Funding through Of�ce of Low Emission Vehicles (OLEV)
£500 million is committed from 2015 until 2020 to continue to support the growing market for ultra-low emission vehicles (ULEVs), in addition to the 
£400 million committed to 2015. One key measure is the plug in car grant of 35% off the cost of a car, up to a maximum of £5,000. 
An industry-government funded Advanced Propulsion Centre will also help develop low-carbon power train industries to facilitate the move to ULEVs.[3]

EU Emissions Trading Scheme (ETS) / Climate Change Agreements (CCAs)
Industrial emissions are largely covered by EU ETS and Climate Change Agreements (CCAs). The effectiveness of the EU ETS has been limited, 
given the low price for traded carbon in recent years. The CCAs are energy ef�ciency agreements negotiated directly with Government.

Industrial Sector 2050 Decarbonisation Roadmaps
UK Government has facilitated the development of a series of Industrial Sector 2050 Decarbonisation Roadmaps which have recently been published. 
These will identify mitigation potential and challenges to realizing the potential across the main industry sectors.

Green Deal

Table 1. Key low carbon energy policies in the UK, by sector
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[1] CCS commercialisation competition, https://www.gov.uk/uk-carbon-capture-and-storage-government-funding-and-support
[2] RHI scheme, https://www.gov.uk/government/policies/increasing-the-use-of-low-carbon-technologies/supporting-pages/renewable-heat-incentive-rhi

-

[3] Advanced Propulsion Centre UK website, http://www.apcuk.co.uk/
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European legislation is also an important driver 
of policy as reflected above. Another important 
cross-sectoral piece of legislation is the Renewa-
ble Energy Directive, which requires 15% renew-
able energy to be part of the UK final energy mix 
by 2020.8 Current levels (for 2013) are at 5.2%, 
up from 4.2% in 2012.9 
In later sections of this report, reference is made 
to some of the above policies, their effectiveness 
and recommendations for strengthening.

2.2  Multiple long term pathways to a 
low-carbon transition

Recent analysis suggest that the current poli-
cy package is very much focused on a 2020 
timeframe, and that a ‘policy gap’ (or deficit to 
what current policy can deliver) of 60 MtCO2e 

is apparent in relation to the 4th carbon budget 
in 2025 (set at an average 390 MtCO2e / per 
annum, or 50% lower than 1990 levels) (CCC 
2014). Therefore, the pathways to 2030 and be-
yond are subject to large uncertainties. While the 
types of technologies that will deliver a low-car-
bon system are evident, the specific role of these 
technologies in a future system is less clear.
Many modelling analyses have been under-
taken that consider different systems under a 
range of assumptions (ETI, 2015; National Grid, 
2014; Foxon, 2013; Ekins et al. 2013; CCC, 2013; 
DECC, 2011). These analyses show a diverse set 
of low-carbon transition pathways that could 
achieve the UK’s stated climate policy goals. 
This is illustrated by the diversity of power gen-
eration scenarios in Figure 1, reflecting different 
technology focus, role of mitigation in the pow-
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Figure 1. Power sector generation in 2050 from selected scenario studies
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8	 DIRECTIVE 2009/28/EC, requiring 15% of gross final energy consumption (GFEC) to be from renewable energy sources. 

9	 Digest of UK Energy Statistics (DUKES) 2014, https://www.gov.uk/government/statistics/renewable-sources-of-
energy-chapter-6-digest-of-united-kingdom-energy-statistics-dukes
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er generation sector, demand drivers, and eco-
nomic assumptions. It both highlights different 
supply-side choices and levels of electrification 
in demand sectors.
Despite differences, some emerging themes can 
be identified from recent scenario analyses, for 
both the power and other sectors. These include

yy A strong role for electricity system decar-
bonisation, in particular carbon capture and 
storage (CCS), wind and nuclear technologies 
(with gas often used for peak back-up). Post 
2030, strong electrification of end-use sectors 
is often observed.

yy Bioenergy is prioritised for use with CCS in the 
power sector and other applications, where it 
provides much greater emission reductions per 
tonne of bioenergy than in non-CCS applica-
tions.

yy Emissions remaining in 2050 are often associ-
ated with hard-to-mitigate freight and interna-
tional transport sectors, and specific industry 
sub-sectors.

yy A decline in gas use is apparent in most scenar-
ios, although does not phase out completely. 
In specific scenarios, its use with CCS allows for 
higher consumption levels; however, the de-
cline in direct use for heating is a strong trend.

yy Depending on the assumptions, there are dis-
tinctive outlooks for different vehicle types, 
particularly in relation to passenger cars, with 
either hydrogen fuel cells (H2FC) or electric 
vehicles dominating. Strong efficiency gains 
reduce final energy requirements.

UK policymakers have the challenging role of 
developing policy that delivers low-carbon 
investment into the energy system (including 
necessary infrastructure) but which is not too 
prescriptive as to the ‘best’ option(s). There 
needs to be room for a portfolio of options to 
ensure the UK can implement a transition as 
affordably as possible, deliver energy services 
reliably and spread the risks associated with 
technology delay or failure. This can only be 

done through the use of long-term pathway 
analysis, allowing for the design of near-term 
action. Compounding the challenge is the need 
to act now, despite the given uncertainties, 
in order to bring about strong mitigation by 
2030. Therefore, recognition of these uncer-
tainties is needed to ensure they can be mit-
igated as far as possible.

2.3  The key emerging challenges

There are a number of key challenges to transi-
tioning to a low-carbon energy system that are 
evident from the range of analyses undertaken, 
and are being recognised (to differing extents) 
by UK policy makers. These are summarised 
in Figure 2. Firstly, development and deploy-
ment of low-carbon technologies at scale is a 
significant challenge, not only because many 
are emerging technologies but also because of 
the timescales. Power sector decarbonisation 
is critical for meeting the carbon budgets out 
to 2030, and requires strong roles for wind, 
nuclear and CCS (CCC 2013). Starting to ramp 
up the deployment of other low-carbon tech-
nologies in end-use sectors through the 2020s 
will also be critical to ensure market-readiness 
and supply capacity. As highlighted recently 
by the ETI (2015), over the course of the next 
decade, the UK must prepare for a comprehen-
sive energy transition out to 2050. 
Secondly, there is the issue of system operation. 
An intermittent power-generation system with 
a high wind load will require increased levels of 
storage and back-up capacity to ensure system 
security and stability (Pöyry, 2011). Higher de-
mand for electricity in the longer term is likely 
to increase this challenge. Thirdly, the incremen-
tal investment for low-carbon technologies will 
mean higher costs of energy, at least in the near 
term. Many lower-carbon technologies are also 
highly capital intensive, requiring increased lev-
els of upfront capital (Blyth et al. 2014).  
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Finally, significant changes in the system of en-
ergy delivery will require engagement and ‘buy-
in’ from a range of stakeholders. Watson et al. 
(2014) state that ‘engagement with people and 
communities is an essential component of the UK’s 
low-carbon transition’ not just for individual tech-
nologies but for the whole system, and that a fo-
cus of engagement should be on how a transition 
is organised and paid for. This includes acceptance 
of citing specific technologies in local communi-
ties, and how energy services are provided in the 
future. There are also affordability concerns, with 
consumers paying for this transition through 
direct purchases of low-carbon technologies or 
through energy bills. There are also concerns that 
the fuel poor could be impacted unless adequate 
mitigation measures are put in place (JRF 2011). 
To 2030, support to low-carbon policies are es-
timated to account for 13.5% of a household bill 
(CCC, 2014b) but increases could be largely offset 
by energy efficiency measures.10 

How these challenges are met will be depend-
ent on what we call ‘enabling factors’. These 
factors include the effectiveness of domestic 
policy, the impact of international drivers, 
including global cooperation on mitigation 
measures, and disruptive factors. Domestic 
policy makers have less control around the 
latter two factors, and therefore national policy 
also has a role in ensuring resilience against 
external factors. International drivers depend 
on how international communities cooperate 
and collectively act on climate change mitiga-
tion, which in turn impacts resource availability 
and commodity prices and drives innovation. 
Disruptive factors include recessionary effects, 
geopolitical events and technology / resource 
breakthroughs. A key technology breakthrough 
may, for example, enable stronger deployment 
of low-carbon technologies while the prospect 
of new fossil resources could divert investment 
away from such deployment.




+ Large increases in levels of investment,
across sectors and in different types of projects

Recession
Technology or resource (e.g. shale) breakthrough

Technology innovation

Commodity prices
Resource availability

Technology R&D and deployment

TRANSITION CHALLENGES ENABLING FACTORS

Delivery via policy to support transition

Impact of international drivers

Disruptive factors

+ Strong shift in longer term to alternative energy service delivery 
in end use sectors

+ Power sector decarbonisation in mid-term (CCS, nuclear, wind)

System operation

+ Generation mix to ensure system reliability
+ Smart grids to manage supply-demand balance in electricity
+ Heating peak demand problem

Financing the transition

Engaging with society
+ Key issues around public acceptability, and system affordability

Figure 2. Key challenges facing the UK low carbon transition

10	 The current support level is at about 9% of household bills (for those households using gas for heating).
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3GHG emissions: current levels and future 
reduction targets

3.1  Current levels and past trends

The level of UK  GHG emissions in 2010 was 
602  MtCO2e (excluding international aviation 
and shipping), 82% of which were CO2 emissions 
related to fuel combustion.11 The three sectors 
that constitute the largest sources of emissions 
include power generation, transport, and build-
ings, accounting for 77% of total CO2 emissions. 
Concerning emissions from energy use, gas con-
sumption has the largest share (40%), based 
on its use for power generation and heating in 
buildings. This is followed by oil use (36%), pri-
marily in transport, and coal (24%) for power 
generation and industrial processes. 
International aviation and shipping (IA&S) in 
2010 was estimated at just under 41 MtCO2, in-

creasing transport sector emissions to 157 MtCO2 
and making it the largest direct emitter of GHGs. 
Total GHG emissions including those from the 
IA&S sector were estimated at 643 MtCO2 in 
2010. It is important to examine this sector in 
this report as IA&S emissions are included within 
the UK’s 2050 target. In per capita terms (in-
cluding IA&S), the UK emitted GHG emissions 
in 2010 at a rate of 10.4 tCO2e/capita, and 
8.8 tCO2/capita for CO2 emissions only. 
UK GHG emissions have been falling since 
1990, and in 2010 were 22% below 1990 lev-
els. Over half of this reduction (56%) can be 
attributed to CO2 emissions, with the remain-
der from non-CO2 emissions. A key driver of 
the reduction in CO2 emissions has been the 

3	
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11	 The GWP factors for non-CO2 GHGs are based on those in the IPCC’s Second Assessment Report, and 
include 21 for CH4 and 310 for N2O. Recent guidance by IPCC suggests a factor of 25 for CH4 and 298 for 
N2O, based on the 4th Assessment Report, both of which have now been adopted for UK GHGI reporting.  
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/407432/20150203_2013_Final_
Emissions_statistics.pdf
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large-scale take-up of gas for power generation 
(the so-called ‘dash for gas’), reducing the UK’s 
historical reliance on coal (Figure 4). The other 
key driver has been economic restructuring, 
with large reductions in emissions from in-
dustrial energy use (including in the iron and 
steel sector) over the period and a general 
sh ift to a lower energy-intensive economy. 
Efficiency gains in end-use sectors (buildings, 
transport) have led to either no growth or 
small decreases in emissions, relative to 1990, 
despite rising incomes and population growth. 
For non-CO2 gases, the main reductions have 
been from lower CH4 emissions from the agri-
culture sector, and N2O emissions from specific 
industrial processes.

3.2  Emission reduction targets
The projected emissions reduction trajectory as-
sumed in this report is based on the legislated 
2050 target, an 80% reduction in GHGs relative 
to 1990 levels, and the four agreed interim car-
bon budgets. These carbon budgets essentially 
put a limit on total emissions of GHGs the UK 
can emit over a 5-year period, and cover the peri-
od between 2008 and 2027 (Table 2). During the 
course of 2015, the UK’s Department of Energy 
and Climate Change (DECC) will be determining 
the level at which to set the 5th carbon budget 
for the period 2028-2032.
The relatively undemanding first carbon budget 
has now been met through a combination of 
low-carbon measures and recessionary impacts 
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Table 2. UK Carbon Budgets

Carbon Budget Period

Budget Limit, MtCO2e

Annual average of budget

% reduction of annual average below 1990 level

1 (2008-2012)

3018

604

22%*

2 (2013-2017)

2782

556

28%

3 (2018-2022)

2544

509

35%

4 (2023-2027)

1950

390

50%

* Across the 1st Carbon Budget period, emissions averaged 597 MtCO2e. Source: DECC 2011
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(CCC 2014). Future carbon budgets will be con-
siderably more challenging: with any potential 
future economic downturns unlikely to deliver 
the necessary savings, much stronger efforts 
around the introduction of low-carbon measures 
will be required. The necessary average annual 
emission reduction rate is around 1.5% per an-
num between budgets 1 and 2, but increases to 
over 4% between budgets 3 and 4.
The reduction trajectory used in our analysis, 
based on the agreed carbon budgets and 2050 
target, is shown in Figure 5. Note that the av-
erage annual budget levels shown have been 
adjusted to allow for emissions from the IA&S 
sector (not currently included in the actual UK 
budgets). The periods after 2025 are assumed to 
have carbon budgets in place, and are estimat-
ed based on a linear interpolation between the 
average 4th carbon budget level and the 2050 
target. Based on this trajectory, we estimate that 
cumulative CO2 emissions over 2011-2050 are 

around 12.5 GtCO2. This is 1.2% of the median 
global budget (1020 GtCO2) discussed earlier in 
this report.12 

4Modelling transitions to a low-carbon 
economy
The focus of this report is to present modelling of 
the energy system transition to 2050, to consid-
er the key options that could help achieve deep 
decarbonisation. The analysis also highlights the 
key challenges facing the UK, and the package 
of policies that are required. In this section, we 
introduce the analytical framework used for the 
analysis, and the set of scenarios developed.

4.1  Modelling approach

To explore the transition, our modelling ap-
proach uses the new UK TIMES energy system 

model, UKTM.13 UKTM has been developed 
at the UCL Energy Institute over the last two 
years as a successor to the UK MARKAL mod-
el (Kannan et al. 2007), which was a major 
underpinning analytical framework on long-
term low-carbon technology pathways and 
decarbonisation costs for UK energy strate-
gy development and legislation from 2003 
to 2013 (DTI 2007, CCC 2008, DECC 2009, 
DECC 2011). It is based on the model gen-
erator TIMES (The Integrated MARKAL-EFOM 
System), which is developed and maintained 
by the Energy Technology Systems Analysis 
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Figure 5. Historic GHG emissions (1990-2010) and adjusted target trajectory
(2015-2050)

12	 For context, the UK estimated population in 2050 will be 77 million, or 0.9% of the global population (9 billion). 

13	 Additional information on UKTM can be found at http://www.wholesem.ac.uk/documents/uktm-documentation.



Modelling transitions to a low-carbon economy

Pathways to deep decarbonization in the United Kingdom � 2015 report  18

Programme (ETSAP) of the International Energy 
Agency (IEA) (Loulou et al., 2005). 
UKTM is a model that explicitly represents the 
technology and fuel choices across different 
sectors under decarbonisation objectives. These 
choices are made based on what is economical-
ly-optimal, subject to a range of constraints that 
ensure greater realism. Such constraints include 
balancing of supply-demand, limits on technol-
ogy build rates, and representation of available 
resources e.g. wind, bioenergy etc. Energy ser-
vice demand drivers are exogenous to the model, 
while the supply choices (including electricity 
generation) are endogenous. 
A key strength of UKTM is that it represents the 
whole UK energy system under a given decarbon-
isation objective, which means that trade-offs 
between mitigation efforts in one sector versus 
another can be explored. The system is repre-
sented as a network of processes (e.g. different 
types of power plants, heating systems of trans-
port technologies etc.) linked by commodity flows 

(e.g. energy carriers, emissions, materials etc.); a 
simplified representation is shown in Figure 6.
Further information on the model structure and 
key assumptions is provided in Appendix 1.

4.2  Scenarios

The purpose of the scenarios used in this report 
is to illustrate divergent pathways to achieving 
a decarbonised energy system by 2050. By using 
multiple pathways, we can illustrate the differ-
ent challenges of deep decarbonisation, some of 
the critical uncertainties under such transitions, 
and identify the near term action that is needed. 
Scenarios were formulated based on the process 
steps shown in Figure 7. 
As per step 1, modelling of scenarios should help 
to assess what the challenges are, and how they 
might be overcome (see section 2.3). Secondly, 
there are crucial ‘determinants’ of different path-
ways which need to be identified and considered. 
A third step is to tie different approaches to ad-
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dressing challenges and the role of determinants 
via scenario narratives. Based on this, scenarios 
were formulated and implemented in the model 
(as per steps 4 and 5). This process helps us to 
model consistent pathways that illustrate chal-
lenges, uncertainties and necessary action under 
different transitions.
Concerning step 1, the key challenges are shown in 
Figure 2, alongside the enabling factors that will 
determine how these challenges are addressed. 
Under the second step, key determinants of dif-
ferent pathways were identified that we wanted 
to feature in the scenarios (Figure 8), based on a 
review of previous scenario and sensitivity anal-
yses. They also represent some key issues in the 
current climate policy debate. To ensure coher-
ence, a set of scenario dimensions were used to 
tie the different assumptions relating to determi-
nants together. These are listed to the right-hand 
side of Figure 8.
Three decarbonisation scenarios were chosen, 
based on the different roles of pathway deter-

minants under distinct narratives.14 They illus-
trate the role of key technologies, policy choices 
and other system wide factors that determine a 
given pathway. While not exhaustive, they also 
highlight the different choices to be made in 

Figure 7. Steps in DDPP scenario formulation
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Figure 8. DDPP scenario determinants and dimensions

14	 Counterfactual scenarios which show how the energy system evolves if not subject to deep decarbonisation have 
not been assessed. This is for two key reasons; i) the UK is committed to a low-carbon system, under current policy 
and ii) determining and using a counterfactual as a basis for comparison is fraught with difficulty due to the strong 
uncertainties associated with it.
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achieving GHG emission reduction objectives 
and that such choices will lead to trade-offs be-
tween options. Finally, they provide a basis for 
exploring what near-term decisions need to be 
taken, and whether these are pervasive or dis-
tinctive under different pathways.
Scenario D-EXP (decarbonise & expand) puts a 
strong focus on near-term power sector decar-
bonisation based on a mix of low-carbon tech-
nologies including wind and nuclear, enabled by 
effective policy incentives. A stronger role for 
CCS emerges towards the end of the 2020s, with 
increasing build out across all of these generation 
technologies post-2030. This system expansion 
allows for increasing levels of end-use sector 
electrification, which becomes the core pillar 
for decarbonisation of end-use demand. Large-
scale deployment of heat pumps in buildings is 
observed, resulting in electricity displacing gas 
as the primary supply of heat. In transport, elec-
trification of LDVs increases in the 2030s with 
increasing market capacity, resulting in BEVs / 
PHEVs dominating in the 2040s. 
Scenario M-VEC (multi-vector transition) fore-
sees a system that is less reliant on electrification 
for decarbonisation, due to more limited deploy-
ment of key low-carbon generation technolo-
gies, namely nuclear and CCS. Wind generation 
capacity is greater than in D-EXP, resulting in 
more significant challenges for system operation. 
While electrification is lower, a generation sys-

tem emerges that is actually larger in capacity 
terms. Other energy vectors, including hydrogen 
and bioenergy, play a much stronger role in de-
carbonisation of the energy supply in the longer 
term (post-2030). 
Scenario R-DEM (reduced demand) illustrates 
how supply-side decarbonisation can be mod-
erated by action to reduce demand. Stronger 
efforts are focused on building retrofit, mo-
tivated by government push ing to address 
affordability concerns and fuel poverty. Ad-
ditional policy efforts also focus on reducing 
demand for passenger transport; government 
and local authorities encourage lower levels of 
personal car use through stronger car tax in-
centives and local based measures. In addition, 
future planning results in service provision that 
does not increase per capita demand for car-
based travel demand (reinforcing current per 
capita trends showing saturation). Growth in 
international aviation slows due to higher costs 
associated with carbon-intensive transporta-
tion. Efforts to develop and deploy low-carbon 
technologies occur in parallel, although the 
ambition is scaled back due to the success of 
demand-side measures. 
In Appendix 2, Table 5 provides additional detail 
on the scenario narratives, while Tables 6 and 7 
outlines how the scenarios were implemented 
into our model framework, based on standard 
and scenario-specific assumptions. 

5Results: System transition

This section introduces the high level metrics 
that characterise the transition pathways, fo-
cusing on the timing and level of sectoral miti-
gation, the key types of mitigation undertaken, 
and the associated costs. Subsequent sections 
go into additional detail for each sector, and 
for system level energy resource supply.

5.1  Emission reductions are required 
across all sectors
The emission reduction trajectory is presented 
in Figure 9 showing the overall GHG emissions 
reduction of 80% by 2050, relative to 1990.  
For domestic CO2 emissions, the reduction is 
almost 90%. This is due to an increase in emis-

5	
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sions from international aviation and shipping, 
and a lower percentage reduction in non-CO2 
GHGs. In per capita terms, the GHG metric 
falls from a 2010 level of 10.4 to 2.1 tCO2 in 
2050, while for CO2 (excl. IAS), the per capita 
level falls from 8.2 to 0.9 tCO2.
Between 1990 and 2010, GHG emissions fell at a 
rate of approximately 1.0% per annum. The rate 
of reduction from 2010 to 2030 will need to in-
crease to around 2.8%, and then to 4.1% between 

2030 and 2050. These increasingly ambitious and 
large-scale reductions necessitate action across 
all sectors. However, the level and timing of ac-
tion across sectors differs according to reduction 
potential, cost effectiveness of mitigation, avail-
ability of technology in addition to other factors.
At the sector level, the carbon intensity of final 
energy consumption (FEC) indicates the level and 
timing of reductions (Figure 10). It is the power 
sector where the most significant reductions to 
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2030 are observed, with resulting carbon intensity 
in the range of 35 – 75 gCO2/kWh, from a current 
level of just below 500 gCO2/kWh. Of the end-
use sectors, it is industry where the highest an-
nual reduction is observed to 2030, at 1.5%/year; 
transport and residential sectors see annual av-
erage reductions of 0.3% and 0.2% respectively. 
Post-2030, all end-use sectors see much strong-
er rates of reduction. However, none decarbonise 
to the same extent as the power sector, where 
carbon intensity drops to between 15 – 30 gCO2/
kWh.15 In M-VEC, where the power sector car-
bon intensity is higher, a lower carbon intensity 
results in end-use sectors, most notably in the 
residential sector.
Our modelling suggests that given the stringen-
cy of the targets, action will be required across 
all sectors. While power sector decarbonisation 
is critical pre-2030, it does not preclude the 
need to start ramping up low-carbon policy ac-
tions across other sectors, to ensure the longer 
term transition. It is likely that stronger reduc-
tions will be needed prior to 2030 in transport 
and residential sectors than suggested by our 
modelling, which tends to back-load action. By 
2050, the role of fossil fuels will be significantly 
reduced although will still play a role in specif-
ic sectors (international aviation) and in carbon 
capture-based technologies. Further discussion 
on the role of CCS, including with bioenergy fu-
els, is provided in section 7.2.

5.2  Energy efficiency combined with 
energy supply decarbonisation will 
be key drivers of transition

There are four key means of decarbonisation, 
all of which are critical for the transition to a 
low-carbon energy system. These include i) 
increased efficiency of energy use in end-use 
sectors, ii) decarbonisation of electricity and 
other fuels, iii) fuel switching to lower carbon 
fuels, including end-use sector electrification 

and iv)  demand-side reduction in energy-service 
consumption, driven by societal change, or pol-
icy mechanisms. The importance of this fourth 
pillar, characterised under the R-DEM scenario, 
is discussed in subsequent sections of the report. 
Metrics for these different ‘pillars’ of decarbon-
isation are shown in Figure 11 across the three 
scenarios.
The energy intensity of GDP reduces by almost 
70% in 2050, due to a 22% reduction in final 
energy consumption and a more than doubling 
of GDP. This reflects a strong push on improving 
efficiency across all end-use sectors, and some 
continuing re-structuring of energy-intensive 
industries (see section 6.3). The strong push 
on efficiency gains in the near term reflects the 
cost-effective nature of such mitigation action. 
The carbon intensity of the energy system also 
reduces radically, down by 75% in 2050, with 
much of the pre-2030 gains resulting from action 
to decarbonise the power generation sector (as 
illustrated above). 
The post-2030 fuel decarbonisation reflects the 
expansion (doubling) of the supply of decar-
bonised electricity to end-use sectors, as shown 
in the third metric, and the increased use of 
low-carbon fuels such as bioenergy and hydro-
gen. A significant increase in electrification is not 
observed before 2030, with the focus on decar-
bonisation of the sector through replacement 
of existing capacity. This result also reflects the 
time it is likely to take end-use sectors to scale 
up a switch to increased electricity use in homes 
and transport.
A more detailed picture of final energy consump-
tion is shown in Figure 12. It highlights first the 
reduction in final energy despite the growth in 
energy service demands, due to improve efficien-
cy of use, and the shift to lower carbon fuels. A 
fossil dominated system based on oil and gas 
shifts to the increased use of electricity, and bi-
oenergy use, and a growing contribution from 
district heating and hydrogen. 
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The continued role for gas and oil in 2050 in 
end-use sectors is evident, albeit at much low-
er levels than in 2030. Concerning oil, much of 
the remaining use is in the international aviation 

sector where supply side options are deemed 
limited, and in hard-to-mitigate subsectors in 
road transport and industry. Gas is primarily used 
for heating in buildings, with central heating an 
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15	 Note that the bioenergy use in CCS in this metric has been allocated zero emissions, not negative emissions, for 
two reasons. This provides a more transparent view of the role of different technologies, and secondly, bioenergy in 
CCS could just as easily be used in non-power sectors using CCS given the marginal differences in costs. Although 
not included in this metric, emission accounting in the model does take account of so-called negative emissions.
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extremely effective means of heating and diffi-
cult to displace with electric-based systems (as 
discussed in section 6.2).
Under R-DEM, final energy use is lower due to 
efficiency gains and lower demand, while under 
M-VEC there is more direct use of biomass, and 
other renewables (in 2050) as a means of end-
use sector decarbonisation, with lower levels of 
electrification. 

5.3  Increasing investment will be 
required across the system

The transitions as fundamental as those present-
ed in this report will require significant levels of 
capital investment, and at rates much higher 
than observed historically. This is not only in-
dicative of the system infrastructure needing 
renewing but a shift towards more capital in-
tensive technologies, essentially a move to a 
‘fixed’ rather than ‘variable’ cost-heavy system. 
Increased investment is of course offset by sav-
ings across other parts of the system, including 
fuel expenditure. Given these savings and the 

need to invest to replace energy system capaci-
ty (under any future pathway), many modelling 
analyses estimate that the additional system 
costs (compared to a counterfactual) of the 
low-carbon transition to be in the region of 1-2% 
of GDP in 2050 (CCC 2008; ETI 2015). 
Concerning increasing investment levels, the 
power sector is a useful example. During the 
2000s, annual investment levels were around 
£1.1 billion, but have increased in recent years 
(2009-2012) to £4.6 billion. Based on a review 
of multiple analyses, this increases to annual 
investment requirements of 6.1, 8.0 and 12.3 
£M in 2020, 2025 and 2030 respectively (Wat-
son et. al., 2014). Our modelling estimates also 
suggest a ramping up of investment levels to 
2030, as the power sector decarbonises, and 
then strong growth post-2030, as electrifica-
tion of the energy system increases (Figure 13). 
The M-VEC scenario has the highest investment 
levels, due to the focus on wind generation (and 
the additional back-up capacity required on such 
a system). The lower investment levels under 
R-DEM are indicative of the gains that can arise 
from a system with lower demand levels.
Other analyses have considered the afforda-
bility concerns for households of increased 
investment levels in higher cost technologies. 
According to an analysis by the CCC (2014b), 
household bills (both gas and electricity) are 
estimated to be 14% higher in 2030, relative 
to 2014, with 9% of the increase attributable 
to low-carbon policies. However, this rise could 
more than be offset by energy efficiency meas-
ures. Post 2030, reducing costs of low-carbon 
technologies would reduce the additional sup-
port required, ensuring bills do not increase to 
the same extent. Government will have a key 
role to play in ensuring households experienc-
ing or vulnerable to fuel poverty are protected 
from increases, through assessment of distri-
butional impacts of policy (DECC 2013) and 
a robust fuel poverty strategy (DECC 2014), 
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which promotes energy efficiency measures 
for such households.16

5.4  Strong and stable carbon price 
signals will be needed to drive 
the transition to a lower-carbon 
economy

Our modelling suggests that as decarbonisation 
objectives become more stringent, the incentives 
(as reflected by a carbon price proxy17) necessary 
to ensure the requisite investment in mitigation 
will need to increase over time. Going forward, 
incentives could be an explicit market price for 
carbon (as under the EU ETS), or policies that 
ensure investments in low-carbon policies are 
economically viable (e.g. Contract for Difference 
(CfDs)). As demonstrated by the recent history 
of the EU ETS, the market price needs to be both 
set at an adequate level and stable to provide 
investor confidence, and this requires effective 
policy design.18 
The modelled estimates of carbon prices required 
under the scenarios highlight the increasing chal-
lenge of the 4th carbon budget, shown by the in-
crease between 2020 and 2025 (Figure 14). The 
continued increase under M-VEC to 2030 indi-
cates delayed and lower uptake of key mitigation 
technologies in the power sector, namely nuclear 
and CCS. R-DEM is consistently lower than D-EXP 
due to the higher efficiency gains, and lower de-
mand observed under this scenario. By 2045, 
estimates are between £270‑370/tCO2, up from 
£150 – 250/tCO2 observed in 2025. The results for 
2050 are not plotted but indicate an extremely 
challenging situation (>£1000/tCO2), driven by 

residual emissions that are difficult to mitigate. 
Potentially indicative of the limitations of our 
modelling, this also highlights the need for policy 
makers to address all emission sources by 2050, 
due to the required reductions to meet the target.
Policy makers have also got to contend with large 
uncertainties in the future, which also relates to 
the level of incentive needed to deliver the nec-
essary reductions. Pye et al. (2015) highlight that 
carbon prices need to take account of future un-
certainties, which may or may not be sufficient 
depending on the evolution of technology costs. 
Key uncertainties identified which could render 
a lower carbon price ineffective in the longer 
term include biomass availability (where used 
in conjunction with CCS) and gas prices, again 
based on the use of gas with CCS technologies.
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16	 Many analyses in the UK suggest that tackling fuel poverty and reducing emissions can be delivered through 
appropriate targeting of energy efficiency measures, as articulated in this response by the CCC. http://www.theccc.
org.uk/news-stories/addressing-fuel-poverty-and-meeting-carbon-budgets-go-hand-in-hand-7-october-2014/

17	 The shadow price of CO2 from the model represents the marginal cost of mitigating the last tonne of CO2 under 
the emissions cap.

18	 For example, see latest Sandbag review of the EU Emissions Trading Scheme, http://www.sandbag.org.uk/site_media/
pdfs/reports/Sandbag-ETS2014-SlayingTheDragon.pdf
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6Results: Energy demand by sector
The type of low-carbon transitions we are explor-
ing will require significant changes to the way 
energy is supplied and used across all end-use 
sectors. This includes changes to fuels, technol-
ogies and their utilisation. In this section, we 
illustrate the changes emerging from the sce-
narios, focusing on the transport, residential and 
industry sectors.

6.1  Transport: a strong decline in oil 
use, and radical shift in technologies

The transport sector currently accounts for ap-
proximately 25% of UK GHG emissions, includ-
ing emissions from international aviation and 
shipping (IA&S). Emission reductions in this sec-
tor are therefore vital to achieving mitigation ob-
jectives, and essentially require a shift away from 
oil consumption, as illustrated in Figure 15. Total 

consumption is almost 20% lower by 2030, and 
70% lower by 2050. The striking feature is the 
oil consumption in the international transport 
sector, which remains at a similar level out to 
2050,19 by which time it is estimated to account 
for 25% of total UK GHGs. This results in the 
transport sector maintaining its overall share of 
emissions (as seen in 2010). The exception is 
under R-DEM, where slower growth in aviation 
demand is assumed.

Passenger car demand
This sector accounted for around 43% of trans-
port emissions in 2010. We estimate that across 
the stock, cars emitted on average 168 gCO2/km 
in 2010. Across the scenarios, this carbon inten-
sity will need to reduce significantly by 2050,  
to less than 10 gCO2/km as illustrated in 
Figure 16.20 Reaching this level of ambition will 

6	

19	 Due to demand growth, emissions would be significantly higher in 2050 in this sector were it not for a transition 
to hydrogen fuel use in international shipping, and strong fleet efficiency gains in international aviation.

20	 The emission intensities reflect direct vehicle emissions. Any emissions from upstream energy production is accounted 
for in those production sectors, and not reflected in these intensity values.
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be helped by European legislation, which obli-
gates manufacturers to ensure that new car sales 
meet a fleet average of 95 gCO2/km by 2021.21 
Our modelling suggests that the carbon intensity 
levels can be achieved by a strong roll-out of more 
efficient vehicles (based on hybrid technology), 
and an increasing penetration of electric vehicles 
in the fleet by 2030, ramping up significantly prior 
to 2050. This roll-out is based on the ‘natural’ ve-
hicle stock turnover, not an enforced, more rapid 
turnover. Across the scenarios there is also a role 
for hydrogen in the later periods. In our modelling, 
40% of new sales of PHEVs and BEVs is achieved 
under the D-EXP scenario by 2030, increasing to 
above 90% by 2040. These rates are broadly in 
line with the necessary market penetration dis-
cussed in recent CCC analysis for the 4th Carbon 
Budget review (CCC 2013). Slightly slower market 
growth is achieved under R-DEM, due to lower 
car transport demand, and under M-VEC, due to 
stronger growth in H2FC vehicles.

Figure 17 illustrates the transition across the 
scenarios. The graph ic compares the emis-
sion level that would occur in 2050 based 
on the 2010 carbon intensity, fixed in future 
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Figure 17. Decarbonisation of passenger car demand, 2020 – 2050

21	 Details of the legislation can be found at http://ec.europa.eu/clima/policies/transport/vehicles/cars/index_en.htm. 
Based on the latest data, the current UK average for new sales is 125 gCO2/km, down from 173 gCO2/km in 2003, 
https://www.gov.uk/government/publications/new-car-carbon-dioxide-emissions. This is below the 2015 target of 
130 gCO2/km.
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years, versus the modelled emissions level. The 
contribution by different abatement options 
is illustrated. Out to 2030, efficiency gains 
in cars using fossil fuels are shown as grey 
bars; starting in 2030, low emission vehicles 
start to pick up, with electric vehicles (BEVs / 
PHEVs) and H2FC vehicles (represented as ‘fuel 
decarbonisation’). 
Lower and later mitigation efforts are seen in 
the R-DEM case compared to the other sce-
narios, due to lower demand levels allowing 
for emissions ‘headroom’ and lower levels 
of diffusion, while in M-VEC, earlier uptake 
of hydrogen and late expansion of electric 
vehicles market is observed, primarily due to 
expansion limits of the electricity system and 
higher costs of electricity.
The role of demand reduction, as illustrated 
under R-DEM, should not be overlooked, as it 
is an important mitigation option for this sec-
tor. Goodwin (2007) states there is evidence 
that reductions in car demand of up to 20% 
could be achieved based on such measures, 
and that particularly in the longer term, larger 
reductions are possible based on higher long-
run price elasticities. A recent paper by Pye et 
al. (2014) estimated, based on best available 
information, that price-induced demand re-
sponse could see a mean reduction of 6% in 
car travel demand, but could be as high as 9%. 
Despite associated welfare losses, this was seen 
as a particularly cost-effective means of further 
reducing emissions.22 Other analysis around 
the use of behaviour-orientated measures to 
reduce demand have also shown that up to 
10% reduction could be achieved (Cairns et 
al. 2008, Gross et al. 2009). 

Road freight demand
Accounting for 24% of total transport emissions, 
road freight emissions are made up of heavy 
(HGV) and light (LGV) goods vehicles (61% and 
39% respectively).23 The average emission inten-
sity of freight transport is around 1400 gCO2/vkm; 
to meet emission reduction objectives, this has 
to fall to between 100-300 gCO2/vkm by 2050. 
As illustrated in Figure 18a, the decarbonisation 
of HGVs is based on a shift to hydrogen-fuelled 
vehicles in the long term, with compressed nat-
ural gas (CNG) vehicles playing an important 
transitioning role. 
By 2050, the whole fleet is using hydrogen 
in the M-VEC case; in part th is reflects the 
s tronger role for hydrogen sys tems in th is 
scenario. Under R-DEM, lower demand (and 
emissions) means CNG remains part of the 
mix. It is important to note a key uncertainty 
concerning the use of hydrogen in HGVs, with 
industry questioning the feasibility of such 
a technology. Without the use of hydrogen, 
the key alternative pathway is one dominated 
by CNG. The LGV transition, in Figure 18b, is 
more characteristic of that seen for passenger 
cars. Again, a s tronger role for hydrogen is 
observed under M-VEC, with lower levels of 
low emission vehicles in R-DEM due to the 
role of demand reduction. 

Policy challenges for decarbonising road 
transport
There are clearly significant policy challenges in 
delivering the decarbonisation of the road trans-
port sector, through deployment of new vehicle 
technologies, and ensuring adequate associated 
infrastructure. For cars and LGVs, our scenarios 

22	 It is important to note the other benefits that could arise from lower traffic levels, for improved air quality, less 
congestion and noise, and improved public transport provision. In addition, welfare losses calculated could be offset 
by welfare gains through non-energy expenditure.

23	 HGVs are heavy goods vehicles constructed for transporting goods, with a gross weight of more than 3.5 tonnes while 
LGVs are light goods vehicles, also constructed for transporting goods, with a gross weight of 3.5 tonnes or less. 
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point to a particularly important role for electric 
vehicles. An analysis by Element Energy (2013) 
suggests that high penetration of electric vehi-
cles could be possible by the second half of the 
2020s but that a number of issues need to be ad-
dressed. These include financial support to over-

come EV price premiums for buyers, sufficient 
rapid charging infrastructure24, a range of EV 
models on the market to cover consumer pref-
erences, and strong consumer awareness of the 
technology, and associated infrastructure. The 
cost barrier is viewed as particularly important to 
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24	 The report suggests infrastructure of 20,000 units over 2,100 sites by 2030, compared to around 8,600 liquid fuel 
stations in the UK currently.
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higher uptake; new models of vehicle ownership 
and finance could reduce the necessary financial 
support, for example via a battery leasing scheme 
that spreads the capital cost premium of EVs 
over a 10+ year period.25 
In their latest progress report, the CCC (2014) 
highlight some important developments to 
ensure increasing uptake of LEVs, particularly 
EVs. This includes a strong government funding 
commitment, continued growth in the charging 
infrastructure, increasing models on the market 
to meet consumer needs and the important EU 
legislation on passenger CO2 emissions. It is key 
that these measures are sustained and strength-
ening in future years to ensure the necessary lev-
el of transition by 2030 shown in our scenarios, 
and beyond. One such type of measure identi-
fied by a recent UKERC analysis is to ensure that 
consumers are confident of ongoing support to 
reduce costs of ownership for low-carbon vehi-
cles that are currently expensive e.g. continued 
exemption of BEVs from vehicle excise duty 
(Watson et al. 2014).
In addition to the carbon benefits of decarbon-
ising the transport sector, there could be impor-
tant economic benefits. Cambridge Economet-
rics (2015) estimate that on average low-carbon 
vehicles will be £600 cheaper to fuel, could 
contribute to a net £7 billion saving for the UK 
by 2030, and lead to strong air quality benefits, 
estimated to be worth around £1 billion. There 
are also potentially wider economic benefits in 
jobs growth from developing these technologies, 
and opportunities to help manage electricity 
supply-demand through helping provide reserve 
capacity and reducing curtailment26 from inter-
mittent renewables.
While much focus has been on electric vehi-
cles, it is important that other types of LEVs 

are not ‘ruled out’ of the future energy mix. 
Our scenarios suggest a role for H2FCs in the 
longer term, and it is important that measures 
specific to such technologies are also explored. 
There do appear to be greater challenges to 
widespread deployment, particularly due to 
the higher infrastructure cost and challeng-
ing business model to provide an extensive 
re-fuelling system, and the assumed higher 
costs of the vehicles. However, a number of 
car manufacturers are actively pursuing the 
development of such fuel cell technologies 
(e.g. Honda and Toyota), but strong uncertain-
ties remain around how fuel cell technology 
costs will evolve in the future. 
The role of biofuels is limited under all scenar-
ios, reflecting the limited bioenergy resource 
for use across the system. Biofuels are only 
domestically produced, with no imports per-
mitted, and the use of bioenergy is focused in 
other parts of the energy system. As a result, 
the share of biofuel liquids in the transport 
sector only ever reaches a share of between 
5-10%. However, increased biofuel use could 
be foreseen if imports were permitted, and 
domestic production technologies were more 
cost-effective, particularly given the need to 
displace fossil liquids in the IA&S sector. 
While our scenarios show a strong reduction in 
emissions from freight vehicles by 2050, through 
the use of natural gas and then hydrogen, it is 
important to note the even larger challenges to 
ensuring such a transition. Firstly, there is a lack 
of overarching policy framework to drive HGV 
efficiency gains, in the same way that the Euro-
pean legislation does for passenger cars, primar-
ily due to the problems of establishing methods 
for assessing whole truck efficiency. Secondly, 
the move to CNG and then hydrogen trucks is 

25	 Further information on innovative financing mechanisms is provided in CCC (2014).

26	 Curtailment effectively means that generators have to reduce their output as it is not needed by the grid operator 
to meet demand.
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going to require large scale investment in vehicle 
technology development and associated infra-
structure. Finally, as mentioned earlier, there is 
a question about the viability of H2 use in larger 
goods vehicles.

Non-road transport
Non-road transport emissions are dominated 
by international aviation and shipping. They 
accounted for 6% of total GHG emissions in 
2010, with this share projected to rise to 25% 
in 2050, highlighting the entrenched oil use in 
the aviation sector. Our modelling assumes the 
energy demand for international transport grows 
by approximately 40%, despite efficiency gains, 
largely driven by international aviation. By 2050, 
the shipping sector does not contribute to any 
emissions in the sector as it is assumed to have 
switched entirely to hydrogen. 
As with hydrogen use in HGVs, there is con-
siderable uncertainty as to whether the global 
infrastructure could be put in place to support 
hydrogen supply to ships. Without this mitiga-
tion measure in shipping, international transport 
emissions would likely to be 15-20% higher. 
Limited fuel switching potential in the aviation 
sector means emissions cannot be reduced sig-
nificantly; the obvious switch to biofuels is not 
observed as available bioenergy is used in other 
sectors, and imports of biofuels are limited (see 
section 7.4). 
It is important that alternative options are 
explored in future modelling, to better un-
ders tand what additional options could be 
considered. Other systems analyses (e.g. Pye 
et al. 2014) point to an important role for 
demand reduction measures in the aviation 
sector, where increasing carbon prices (as-
sumed to be passed through to fares) result in 
a strong price induced demand response based 
on own-price elasticity assumptions, thereby 
lowering demand. A slower growth in inter-
national aviation under the R-DEM scenario, 

resulting in 20% less energy demand by 2050, 
helps contribute to mitigation costs that are 
almost 20% lower than seen under D-EXP.
The Government has a strong role to play in 
managing the growth of the aviation sector, 
by ensuring that any additional airport capac-
ity expansion takes account of the sector’s role 
in meeting the longer term emission reduction 
targets. The independent advisory body, the CCC 
(2013b), noted recently in a letter to the Airports 
Commission that emissions levels in 2050 should 
be no higher than in 2005, and given reason-
able assumptions on efficiency improvements 
and biofuel availability it should plan to limit 
growth to 60% of 2005 demand levels. As our 
modelling indicates, higher emissions from inter-
national transport put pressure on other sectors 
to mitigate. CO2 emissions excluding interna-
tional transport need to reduce by almost 90% 
by 2050, which as the marginal abatement costs 
indicates (section 5.4), is stretching feasibility 
given our current understanding of mitigation 
options. 

6.2  Residential buildings: a 
transition requiring a strong re-
orientation of energy service 
provision

Direct emissions from the energy used in build-
ings accounted for 19% of total CO2 emissions 
(including IA&S), or 16% of total GHGs. 80% of 
building sector emissions are from the residential 
sector, the vast majority of which come from 
gas use for heating (Figure 3). Therefore, this 
section of the report focuses on decarbonising 
residential space and water heating.
From a system wide perspective, the model-
ling suggest that carbon intensity of energy 
used in the residential sector will need to 
halve by 2050. Th is reduction in intensity, 
alongside energy efficiency measures, could 
lead to emissions from this sector falling to 
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27	 This is a potential mitigation option that is not adequately represented in the modelling; for example it is an 
important source of heating in other analyses e.g. ETI (2015). Further work is required to understand the potential 
for waste heat use and other heat from renewable sources (geothermal, marine heat pumps) in district heating 
systems, particularly the spatial constraints.

between 10 and 38 MtCO2, from the 2010 
level of 83 MtCO2. Figure 19 illustrates how 
the residential heating sector could transform. 
In 2030, it remains dominated by gas-based 
central heating systems but with increasing 
penetration by heat pumps and district heating. 
By 2050, a radical sh ift has occurred, away 
from gas-based systems to heat pumps and 
hybrid heat-pump / gas systems. 
Across all scenarios, the radical sh ift away 
from gas use is striking, with implications for 
gas distribution systems and how they might 
be operated in the future. However, gas use 
is difficult to fully shift; this is because it still 
plays an important role in meeting the heating 
demand peak in the winter. This peak is very 
high, with heating needs between 2-4 times 
h igher during a winter evening than during 
the day. The major problem is lack of storage 

for electricity; to build a generation system 
that can cope with a winter peak demand is 
going to be extremely costly, as much of the 
capacity would be catering for this short but 
critical period. Hence the role of gas, provid-
ing ‘top-up’ heating during such periods, and 
working in conjunction with other technologies 
e.g. hybrid heat pumps, solar thermal systems.
In 2050, the M-VEC scenario is quite distinctive; 
firstly, it has a much stronger use of solar and 
a lower use of gas, underlining a higher con-
tribution to mitigation from this sector; it also 
has lower levels of electrification. Under R-DEM 
and D-EXP, heat pumps using electricity provide 
larger shares of heating provision. The role of 
district heating is also shown as increasingly im-
portant, although its growth is constrained by 
the challenges of building new infrastructure, 
and the limited options for providing carbon-free 

















  

2030 20502010

R-DEM M-VEC D-EXP (All) R-DEM M-VEC D-EXP 

Gas boiler 
Oil boiler 
Coal boiler 

Heat pumps 

Hybrid heat pumps 

Solar heating and boiler 

Solar heating and heat pump 

Stirling engine micro-CHP 

Night storage heater 

Standalone air heater 

District heating 

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

Figure 19. Share of heating demand by technology in the residential sector, 2030 / 2050



Results: Energy demand by sector

33   Pathways to deep decarbonization in the United Kingdom � 2015 report 

heat into the system, with most bioenergy more 
cost-effectively used in other sectors and limited 
potential in the model for using waste heat.27  
The R-DEM scenario also highlights the impor-
tance of a stronger push on energy efficiency 
measures, reducing final energy demand. This 
contributes to lower marginal costs of mitiga-
tion (Figure 14), and reduced costs of energy 
in this sector. 

Challenges and policy needs
Depending on the assumptions of the analysis, 
a range of different residential sector heating 
supply systems could be envisaged, as shown in 
Eyre & Baruah (2015). Our modelling does how-
ever suggest a strong role for heat pumps across 
all of the scenarios (and to some extent district 
heating), and large reductions in gas, although 
its use does persist.
In addition to the necessary investment, a major 
challenge of delivering this change in energy ser-
vice provision will be offering householders the 
necessary technology solutions and incentives to 
switch away from what is a very well-understood 
and convenient heating system, gas central heat-
ing. Infrastructure issues include ensuring dis-
tribution networks are adequately reinforced to 
provide for widespread heat pump use, ensuring 
continued gas supply through the existing in-
frastructure at low flow rates, and developing 
district heat networks.
Acceptability of new investments and associated 
affordability concerns by householders are also 
important issues that policymakers will need to 
grapple with. This is evident from the political 
sensitivity to fuel price rises, and the ongoing 
challenge of tackling fuel poverty (DECC 2014). 
However, there is an opportunity to increase af-
fordability and address the fuel poverty challenge 
through targeted implementation of energy ef-
ficiency programmes.
The UK s till retains significant potential in 
its exis ting building s tock to make energy 

efficiency gains. However, the difficulties in 
incentivising householders to take-up such 
options are well known, and therefore it is 
critical that Government put the right mix of 
policies in place. There have been concerns 
that the current ECO and Green Deal pack-
age of measures are not achieving the rates 
and type of retrofit that is required to realise 
the necessary efficiency gains. Th is re flects 
a focus by ECO on more expensive options 
in harder-to-treat buildings, and inadequate 
financing incentives via the Green Deal. The 
CCC (2014) recommend a number of ways 
of strengthening the package going forward, 
which would not be subject to change that 
would increase industry uncertainty. A range of 
other commentators have suggested important 
changes necessary to improve the effectiveness 
of energy efficiency policy (for example, Rose-
now and Eyre 2014), and how it can be more 
effectively targeted on those in fuel poverty 
(for example, Platt et al. 2013).
The dramatic shift away from gas observed by 
2050 means the need for the current policy to 
start pushing low-carbon heat technologies. The 
RHI offers incentives for technologies such as 
heat pumps and solar thermal, and is therefore 
the main existing mechanism. The CCC (2014) 
note the need to increase the limited take-up to 
date by addressing non-financial and financial 
barriers associated with the RHI, and extending 
the policy timeframe to reduce investor uncer-
tainty. They also point to additional measures 
to really scale technology uptake, potentially 
through a carbon price on heat and mandating 
installation through building regulations. 

6.3  Industry: a major innovation 
challenge to remain competitive and 
decarbonise 

In 2010, emissions from the industrial sector in 
the UK accounted for approximately 11% of total 
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greenhouse gas emissions, at 72 MtCO2, while 
the sector was responsible for just over 20% of 
final energy consumption. In terms of fuels, de-
mand is currently dominated by natural gas and 
electricity which each account for a third of final 
consumption. In addition to emissions from fuel 
combustion, emissions from industrial processes, 
like cement or sinter production, which amount-
ed to 12 MtCO2e in 2010, need to be taken into 
account. The UK industry sector has already in 
the past experienced a shift to high-value, less 
energy intensive subsectors, and this is expected 
to continue. In the future, the sector will face 
the dual challenge of implementing low energy 
and low-carbon technologies while at the same 
time maintaining international competitiveness. 
Before outlining the various mechanisms which 
lead to sector decarbonisation, an overview of 
the development of industrial energy consump-
tion and carbon intensity is provided in Figure 20. 

In all three scenarios, GHG emissions drop by 
more than 80% until 2050 compared to 2010 
(over 90% compared to 2010). This represents 
the highest emission reduction of all end-use 
sectors; only in the scenario M-VEC a similar cut 
in GHG emissions is realized in the residential 
sector.
Final energy demand sees strong reductions of 
up to 20% between 2010 and 2030, through 
a combination of falling output levels and 
energy e fficiency e fforts. After 2030, with 
limited e fficiency potential remaining, the 
sector moves towards increasing decarboni-
sation of energy use, particularly through the 
use of CCS technologies and radical process 
changes in some energy-intensive subsectors 
(as discussed later in this section). In terms of 
the fuel mix, the use of bioenergy for low tem-
perature heat increases until 2030, followed 
by increasing deployment of hydrogen boilers, 
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mainly at the expense of gas and oil products. 
Contrary to other end-use sectors, no shift to 
electrification occurs in any of the scenarios, 
h ighlighting limits on the role of electricity 
for process heating. Limited differences are 
observed between scenarios due to few var-
iations in scenario definition for this sector.

Reduction in industrial production levels
One of the factors leading to falling energy 
consumption and emissions in the industry 
sector is the continued shift to less energy-in-
tensive subsectors. The production trajectories 
shown in Figure 21, and used in the modelling, 
are based on the econometric-based DECC 
Energy and Emissions Projections model (EEP), 
and reflect changes due to domestic demand 
and international market competitiveness ef-
fects. The projections show that apart from 
the chemicals sector, falling productions levels 
are expected in all energy intensive indus-

try sectors. Due to the continuous trend to 
digitalisation, the paper industry exhibits the 
strongest reductions with a reduction of 30% 
in 2050 compared to 2010. The decline in the 
broad category of non-energy intensive “other 
industries” can be explained by the previously 
mentioned sh ift to h igh-value, less energy 
consuming subsectors.

Energy efficiency gains
Saygin (2012) has identified significant un-
exploited potential for energy efficiency im-
provements in the industry sector as a major 
decarbonisation strategy. In our scenario anal-
ysis, a persistent trend towards reduced energy 
intensity can be mainly observed in the non-en-
ergy intensive industry sectors (Figure22a), es-
pecially through the use of more efficient boiler 
technologies and hydrogen technologies. In the 
energy intensive sectors (Figure22b), a contin-
ued increase in energy efficiency is only realized 
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in the paper industry through the improve-
ment of existing production routes (e.g. online 
moisture management, several improvements 
to the press section and a switch to impulse 
drying) and a limited uptake of the alternative 
production process of dry sheet forming after 
2035. In all other energy intensive branches, 
initial energy efficiency gains are counteracted 

by the deployment of CCS technologies after 
2030. The efficiency penalty of using CCS var-
ies strongly between industrial technologies, 
with an increase in energy input compared 
to the respective technology without CCS of 
between 10 and 30%. Considerable increases 
in energy intensity due to the higher energy 
consumption of production plants with CCS 
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occur particularly in the chemicals industries. 

Decarbonisation of the fuel mix
In addition to reducing energy intensity in the 
production of manufactured goods, the decar-
bonisation of input fuels represents an essential 
abatement strategy for the sector, particularly 
after 2030 (as shown previously in Figure 10). 
Until 2030, limited progress is made through 
an increased use of bioenergy technologies for 
low-temperature heat and a slightly higher share 
of electricity in the fuel mix, mainly at the ex-
pense of oil products (Figure 20). In the long-
term, biomass plays the most significant role in 
the scenario M-VEC with a share of 19% in total 
industrial energy demand in 2050 compared to 
10% in the scenario D-EXP.
At the same time, the relative and absolute 
importance of electricity decreases in all three 
scenarios, with the strongest reduction of 38% 
between 2010 and 2050 in the scenario M-VEC. 
A decline in electricity use can particularly be ob-
served for technologies providing high-temper-
ature heat in the non-metallic minerals and the 
non-ferrous metals industry (mostly replaced by 
hydrogen) and for low-temperature heat boilers 
in the food & drink and other industries (mostly 
replaced by biomass).
Due to the possibility to produce hydrogen in 
centralized plants with carbon capture, the use of 
hydrogen becomes a significant low-carbon fuel 

option from 2040 onwards with a share of up 
to 21% in final energy consumption in 2050. Its 
primary use is in industrial boiler technologies for 
the provision of high and low temperature heat, 
and for drying and separation services. 
Carbon capture and storage is identified as a key 
means of decarbonisation in a variety of recent re-
ports (Saygin 2012, DECC 2012b, IEA 2013), in par-
ticular for the abatement of process-related emis-
sions. In the model analysis, CCS is represented in 
the iron & steel, cement and chemicals industry. 
In all three scenarios, industrial CCS technologies 
are deployed from 2035 onwards and there is less 
variation between the scenarios compared to the 
use of CCS in electricity and hydrogen generation. 
The chemicals sector (both ammonia and high val-
ue chemicals production) has the highest level of 
CO2 captured by 2050 (Table 3).

Radical process changes in energy intensive 
subsectors
Decarbonisation can also be achieved by imple-
menting some radical technological changes in 
the energy intensive industry branches. In the 
cement industry, the main changes consist of 
the deployment of more energy efficient fluid-
ised bed kilns as well as kilns with higher waste 
utilization from 2025 onwards and the option to 
reduce the amount of clinker required per unit 
of cement by substituting for other materials. 
In the scenario M-VEC, a limited shift to a ‘low-

Table 3. Carbon captured in the industry sector by technology 
(scenario D-EXP)

Sector
Iron & Steel

Cement

Ammonia production
High Value Chemicals
Total

Technology
HISarna steelworks with CCS
Top-gas recovery blast furnace with CCS
BAT kiln with Partial Oxy-combustion CCS
BAT kiln with MEA Post-combustion CCS
Steam reformer with CCS
Steam cracking with post-combustion CCS 

CO2 captured, Mt (cumulative, 2033 - 2050)
53.1
47.7

2.9
80.2
43.7
90.4

318.0
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CO2’ cement production process representing 
technologies like Novacem, E-Crete, Celite-
ment or Aether (Net Balance Foundation 2007, 
Stemmermann et al. 2010, Velandia et al. 2011, 
Walenta 2011) can also be observed. 
Due to the high uncertainty of these technol-
ogies, relatively high cost assumptions are as-
sumed and their share in total cement produc-
tion is limited to 20% in 2050. In combination 
with the use of CCS technologies, the carbon 
intensity of cement production in the UK de-
creases by 75% from about 640 kgCO2e/t of 
cement in 2010 to 160 kgCO2e/t in 2050 in all 
three scenarios (excluding emissions from elec-
tricity and hydrogen generation). Compared to 
the intensity estimates of 240 - 390 kgCO2e/t of 
cement in 2050 provided in the IPCC’s 5th As-
sessment Report (Fischedick et al., 2014), these 
reduction levels are more radical.
About three quarters of the steel production in 
the UK is currently produced through the coke 
oven - blast furnace route (integrated steel pro-
duction), while the remaining share relies on the 
substantially less energy and emission intensive 
electric arc furnace route. The expansion of the 
latter option is, however, constrained to 40% 
in the model due to the limited availability of 
metal scrap. Because of the comparatively long 
technology lifetimes and the current overcapac-
ities in the UK steel industry, radical changes 
only occur after 2030. A shift to more efficient 
blast furnaces (top-gas recovery and HIsarna 
steelmaking processes) is realized, mostly in 
combination with carbon capture. 
With respect to the electric arc furnace route, a 
shift to Comelt furnaces occurs in all scenarios. 
Other new production technologies, like the UL-
CORED or MIDREX direct reduced iron route, do 
not become competitive. The combined use of 
innovative production technologies, CCS and a 
limited shift to hydrogen boilers result in a reduc-
tion of the sector’s carbon intensity from about 
2 tCO2e per ton of steel in 2010 to 0.2 tCO2e/t 

in 2050 (including emissions from blast furnaces, 
but not from coke ovens and excluding emis-
sions from electricity and hydrogen generation), 
compared to the IPCC’s estimates of 0.47 to 
0.84 tCO2e/t of steel in 2050 (including the 
emissions of coke ovens) (Fischedick et al., 2014). 
For the paper industry, no radical process chang-
es are expected in the future. Through the appli-
cation of various energy efficiency options to ex-
isting production routes and a slightly increased 
share of electricity, the carbon intensity of paper 
production in the UK declines from 315 kgCO2e/t 
of paper products in 2010 to 160 kgCO2e/t in 
2050 (excluding emissions from electricity and 
hydrogen generation); IPCC’s estimates are 160 
to 200 kgCO2e/t of paper in 2050 (Fischedick 
et al., 2014). Emission mitigation in the produc-
tion of ammonia and high value chemicals is 
strongly focused on CCS technologies from 2035 
onwards. In the mid-term, a switch to the highly 
efficient autothermal steam reforming can be 
observed in ammonia production. The uptake of 
Fischer-Tropsch technologies in steam cracking 
remains limited, due to the assumed high costs. 

Challenges and policy needs
Decarbonisation in the UK’s industry sector relies 
on a combination of several mitigation strategies, 
including a shift to high-value, less energy-inten-
sive subsectors, progress in energy efficiency, the 
decarbonisation of the fuel mix and some radical 
process changes in the most energy-intensive 
subsectors. Some significant challenges and 
uncertainties can be identified with respect to 
this transition. In some energy-intensive sectors, 
especially those with high levels of process-relat-
ed emissions, abatement is strongly focused on 
the deployment of CCS technologies. However, 
the implementation of CCS in industry depends 
strongly on the availability of the associated 
CCS infrastructure which, in turn, is contingent 
on the successful deployment in electricity (and 
possibly hydrogen) generation. 
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Moreover, major innovative efforts are required 
to ensure that the expected radical technological 
changes in some of the emission-intensive sec-
tors are actually realized. Significant uncertain-
ty also exists around the long-term production 
levels of the UK’s manufacturing industry and 
its international competitiveness. Such consid-
erations around competitiveness to some extent 
limit the scope for high cost decarbonisation in 
the near term. 
From a policy perspective, the high level of het-
erogeneity in the sector makes the design and 
implementation of effective policy instruments 
particularly challenging. Various research ef-
forts have been undertaken in recent years to 
evaluate the energy and emission reduction 

potential of various industrial sectors.28 To 
incentivise industrial decarbonisation, estab-
lish ing s trong and predictable carbon price 
signals will be essential. The energy-intensive 
industries are covered by the European Emis-
sions Trading Scheme which, assuming that the 
price will recover, could induce the required 
mitigation efforts. In addition, strengthening 
the research and innovative capacity of the UK 
industry sector will help to realize the low-car-
bon transition at reasonable cos ts. In th is 
context, special policy support will probably be 
required for the CCS industry. Finally, policy 
can play a role as information provider and 
to encourage energy management systems, 
especially in less energy-intensive branches. 

7Results: Energy supply

7.1  Decarbonisation and expansion of 
the electricity system
The carbon intensity of electricity generation 
has to fall significantly by 2030, to less than 
75 gCO2/kWh (as per the scenario results) to en-
sure mid-term mitigation objectives, and subse-
quent longer term targets can be met (Figure 10). 
The near term focus on this sector reflects both 
the cost effectiveness of mitigation efforts in this 
sector, including the ability to tackle large point 
sources of emissions over a shorter time period. 
From an investment perspective, the UK is at a 
point in time when it needs to replace much of 
its current nuclear and coal capacity over the next 

15-20 years; therefore, there is also an opportuni-
ty to transition to a much lower carbon system at 
limited additional cost.
However,  it  is  l ikely to be a challenging 
transition to 2030. The capacity of the sys-
tem in 2010 was predominantly fossil-based 
(Figure 23). Sh ifting towards a low-carbon 
system will require large increases in invest-
ment (Figure 13), changes in system opera-
tion through smarter systems and an effective 
package of policy measures to incentivise such 
changes. Some progress is being made in the 
sector; since 2010, wind capacity has more 
than doubled (from 5 to 10 GW), support-

7	

28	 See for example the UKERC project “Industrial Energy Use from a Bottom-up Perspective” (http://www.ukerc.ac.uk/
programmes/energy-demand/industrial-energy-use-from-a-bottom-up-perspective.html) and DECC’s Industrial 
2050 Carbon Reduction and Energy Efficiency Roadmaps Project (https://www.gov.uk/government/publications/
industrial-decarbonisation-and-energy-efficiency-roadmaps-to-2050)

29	 Energy Trends 2015 (DECC publication),  
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/415976/ET_Mar_15.PDF

30	 UK CCS commercialisation project,  
https://www.gov.uk/uk-carbon-capture-and-storage-government-funding-and-support
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ed by the Renewable Obligation mechanism, 
while solar capacity, supported by a feed-in 
tariff mechanism, has grown from less than 
100 MW to over 5000 MW.29 Other lower car-
bon generation types are also being developed; 
Hinckley C represents the start of a potentially 
larger new nuclear build programme, while the 
Government’s CCS demonstration programme 
has gained some much needed momentum in 
the last 2 years.30

Routes to decarbonisation
Our modelling suggests that generation system 
decarbonisation to 2030 will largely be achieved 
by three key technologies – wind, nuclear, CCS 
- with different mixes depending on the assump-
tions made. The D-EXP scenario, for example, 
highlights a strong role for both nuclear and 
wind generation to 2030, and the transition 
towards CCS technologies using gas underway. 
M-VEC shows a pathway strongly reliant on wind 
generation (Figure 24).
Post-2030, the expansion of the system can 
be observed, due to increasing electrification 
of end-use sectors. Under D-EXP, the system is 
approximately 50% larger in 2050 compared to 
2010, and with similar but slightly lower growth 
under R-DEM due to lower demand levels. Under 

M-VEC, despite lower levels of end-use sector 
electrification, growth is closer to 100%, reach-
ing a system size of 180 GW, due to the strong 
contribution from wind generation, and the need 
for low utilisation back-up capacity (as shown by 
the share of gas plant capacity in Figure 23).
In all scenarios, coal generation is no longer in 
the system by 2025, and unabated gas genera-
tion has decreased to very low levels by 2030, 
effectively providing generation during peak pe-
riods only. Under D-EXP, generation levels in-
crease most rapidly post-2030, accounting for 
40% of final energy consumption. This higher 
electrification is due to a more cost-effective 
mix of technologies being deployed, lower in-
frastructure investment requirements and lesser 
challenges to system operation, due to a high-
er thermal generation contribution. The growth 
is primarily driven by increased demand from 
residential heating and car passenger and light 
freight transport sectors (Figure 24).
D-EXP assumes expansion of CCS is contingent on 
10 GW deployment by 2030. ETI (2015b) recently 
published a study that shows that such a deploy-
ment is possible, and will lead to cost reductions 
compared to a situation where CCS deployment 
is delayed. This will of course require significant 
investment (£21-31 billion), and the necessary 
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support to allow profitability in the wholesale 
market. The scenario also assumes a strong roll 
out of new nuclear capacity, with reduced public 
acceptability concerns and continued investment 
support by Government, as provided for Hinckley 
C under the CfD mechanism. It is important to 
note that both technologies are subject to strong 
uncertainties; for nuclear, this is whether rapid 
roll-out can be achieved cost-effectively given 
delays across other 3rd Generation plant builds, 
while for CCS, the concerns are around Govern-
ment support in the UK and elsewhere to effec-
tively demonstrate the technology at scale and its 
integration across all system elements (capture, 
transport and storage).

The other two scenarios also provide credible 
pathways, both of which result in lower levels 
of end-use sector electrification to those under 
D-EXP. In the case of M-VEC, a system emerges 
that is wind dominated, with limited deployment 
of nuclear and gas CCS technologies. By 2050, 
wind capacity is over 90 GW, mainly driven by 
offshore wind deployment. Key system opera-
tion challenges emerge under such a high renew-
able-based system; in their Renewable Energy 
review, based on studies such as Poyry (2011), 
the CCC (2011b) state that the costs of dealing 
with intermittent generation at levels higher 
than those shown in M-VEC are likely to be low 
relative to generation costs (~1 p/kWh), through 
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options such as demand-side response, intercon-
nection, and balancing generation. 
There are however important economic consid-
erations; investment levels (and capacity levels) 
are significantly higher than under this portfolio 
(see Figure 13), and the costs of generation can 
be significantly affected if the system cannot be 
adequately managed e.g. curtailment can occur 
where wind is available, but the grid operator 
does not require the power on the grid, or shed-
ding where higher wind generation means oth-
er low-carbon sources do not generate. Key to 
this are the different options for managing such 
situations, including electricity storage, using 
electricity to generate other energy forms e.g. 
hydrogen via ‘gas-to-grid’ and interconnectors. 
There are also issues around market design to 
ensure the necessary incentives are in place to 
ensure for a secure and cost-effective generation 
system.31

While the generation supply mix is similar to 
D-EXP, the R-DEM pathway has lower generation 
levels due to a stronger focus on demand side 
action. In the longer term, this leads to a small-
er system that does not require the same levels 
of investment across nuclear and CCS technol-
ogies. In summary, all scenarios show the need 
for decarbonisation by 2030 for cost-effective 
pathways and that end use sector electrification 
is critical in the long term. This finding is well un-
derstood, both in the UK (Ekins et al. 2013) and 
in other countries (SDSN & IDDRI 2014; Williams 
et al. 2012). The key challenge is now delivering 
the transition through effective policies, balancing 
the role of different technologies.

Challenges and policy needs
There are a number of key challenges; to 2030, 
the systems has to move away from mature to 
less well understood technologies, and to new 

modes of systems operation. Timing is also crit-
ical; investment levels need to be scaled, and 
CCS, nuclear and offshore wind programmes 
need to be well developed. Post 2030, system 
build out needs to be scaled significantly to deal 
with increasing end-use electrification.
Therefore, policy needs to address this challenge, 
ensuring that a framework is in place that will 
allow the market to orientate towards low-car-
bon forms of generation. The Electricity Market 
Reforms (EMR) provide an important platform, 
by providing additional support to low-carbon 
sources (via CfDs), setting a carbon floor price 
and limiting new coal plant. As discussed, Gov-
ernment also has a strong role to help ‘back’ 
certain technologies, recognising market limits, 
as it is doing via its CCS commercialisation pro-
gramme and financial guarantees for Hinckley C.
A recent report by a UK Government parliamen-
tary committee (ECCC 2015), while welcoming 
progress on EMR implementation, noted con-
cerns that elements of EMR risked pursuing 
competing aims rather than complementing each 
other. Focusing on the capacity mechanism, they 
highlighted that 80% of the successful agree-
ments were going to existing generating capac-
ity, including coal-fired power stations, and that 
this risks locking us into a higher carbon and more 
expensive trajectory than needed. 
The key challenge noted by the CCC (2014) for 
Government is that it needs to provide greater 
certainty about how the EMR policy will evolve 
in the 2020s, to ensure investor confidence in 
low-carbon technologies. The difference in cur-
rent policy outlook versus the lead time for key 
technologies is illustrated in Figure 25, highlight-
ing that the policy timeframe needs to be much 
longer to ensure certainty for project investments 
with long lead times. The CCC state that the best 
way to do this is to announce strategies for the 

31	 For example, a useful overview is provided in INSIGHT_E briefing paper Electricity market design options for promoting 
low carbon technologies, found at http://www.insightenergy.org/ckeditor_assets/attachments/71/rreb3.pdf
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commercialisation of emerging technologies along 
with the overall ambition for decarbonisation and 
the limit for funding of low-carbon generation in 
the 2020s. This will provide the visibility necessary 
to encourage investment, while retaining flexibility 
to respond to cost information and safeguard con-
sumers against excessive costs. This last point is 

key for addressing affordability concerns, another 
challenge flagged at the beginning of this report.

7.2  The role of carbon capture 
and storage
It is important to highlight the potential role of 
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32	 ETI (2015). Targets, technologies, infrastructures and 
investments – preparing the UK for the energy transition. 
http://www.eti.co.uk/wp-content/uploads/2015/02/
Targets-technologies-infrastructure-and-investments-
preparing-the-UK-for-the-energy-transition.pdf

33	 For an overview of projects, see http: //www.
globalccsins tit ute.com/projects/large-scale-ccs-
projects

CCS in the energy system, for the power sector, 
hydrogen production and industry. Our results on 
the contribution of total system CCS to mitiga-
tion are shown in Figure 26. By 2050, D-EXP has 
a CCS-reliance ratio of 0.51, meaning that over 
half of all GHG emissions (emitted and captured) 
have been mitigated by CCS technologies; under 
M-VEC, it is 0.34. This level of reliance highlights 
that the cost-effectiveness of the system is highly 
dependent on CCS technologies delivering.
Bioenergy combined with CCS is also an impor-
tant combination. Modelling by the ESME model 
suggests that missing out on one of these tech-
nologies doubles the costs of delivering climate 
change targets, increasing costs from 1% to 2% 
of GDP.32 The sensitivity of the system costs to 
uncertainties across these technology options 
is confirmed in Pye et al. (2015). The level of 
CCS value to a future energy system is high due 
to the headroom it provides for other sectors 
to make lesser reductions. This high value (and 
system sensitivity) could be lessened if indeed 
effective mitigation action could be provided in 
those sectors for which emissions remain high in 
later periods (e.g. international aviation).
As already discussed, progress on CCS in the UK 

is being made, despite earlier delays. It is critical 
that the UK continues its efforts relating to these 
technologies, and ensures learning from the dif-
ferent initiatives being undertaken across Europe 
and elsewhere.33 International learning and co-
operation is going to be vital to enable the UK to 
scale its use of these technologies more rapidly. 
Developing infrastructure to transport and store 
CO2 is going to be critical to the success of the 
technology, and the UK is fortunate to have sig-
nificant storage capacity, primarily in the North 
Sea, and offshore expertise to exploit this storage. 
In our modelling, we also assume that transport 
infrastructure for H2 production and industry will 
develop off the back of power sector-initiated in-
vestments. It is therefore critical that the power 
sector plays such a role to allow for the use of this 
technology in industrial areas.

7.3  The changing role of gas: a 
transition from direct end-use to 
energy production with CCS

The UK is highly dependent on gas across all 
non-transport sectors, a dependency that has 
grown since the 1960s, following the discovery of 
large reserves in the North Sea. A key question is 
how the role of gas will change as the UK moves 
towards deep decarbonisation. 
Total gas consumption under our three scenarios 
is shown in Figure 27. A number of features are ap-
parent: gas consumption in all scenarios reduces 
out to 2030, by around 20% in D-EXP and R-DEM 
and by over 30% in M-VEC. Thereafter, however, 
while gas consumption continues to fall in M-VEC, 
there is an upturn in D-EXP and R-DEM scenarios 
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such that consumption returns to levels similar-
ly observed in 2010. Based on our analysis, gas 
reduces by between 5-45%, highlighting a large 
uncertainty over its future role (as noted in Pye 
et al. 2015) but also showing that it continues to 
remain an important part of UK primary energy 
consumption. However, underpinning this level 
of consumption are multiple fundamental and 
wholesale shifts in how this gas is used.
The first shift is the almost total removal of elec-
tricity generation from unabated gas. By 2030, 
gas accounts for around 10% of total electricity 
production, down from close to 45% in 2010. This 
electricity sector decarbonisation is the main driv-
er of reduction in consumption prior to 2030, with 
a limited shift away from gas observed in other 
end-use sectors.  
As discussed in Section 7.1, there is unabated gas 
capacity, but after 2030, it is used at very low load 
factors. Indeed in M-VEC, given the much higher 
level of intermittent renewables in the system, 
there remains over 20 GW unabated gas available 
as back-up capacity but this is still only utilised 
at around 5% of total potential load. The capac-
ity mechanism within the Energy Act is designed 
to ensure that such capacity is built in a timely 
manner. However, it will be crucial that such un-
abated gas generation is used only with very low 
load factors, otherwise the electricity sector will 
not reach the necessary levels of decarbonisation. 
Although there is a large drop in the use of unabated 
gas, there is a significant increase in the use of gas 
with Carbon Capture and Storage (CCS) in all three 
scenarios, primarily after 2030. At least 15 GW gas 
with CCS is in operation by 2050, and in D-EXP 
there is nearly 30 GW. Coal CCS is not utilised in any 
of the scenarios; at the 90% capture rates assumed, 
it can only achieve a minimum of 90 gCO2/kWh 

compared with 40 gCO2/kWh for gas.34 
This roll out of gas CCS results in rising gas con-
sumption in the power sector, having previous-
ly fallen out to 2035. In the highest gas CCS 
case (D-EXP), levels of consumption by 2050 
are close to those observed in 2010. It is clear, 
however, that this level of gas utilisation is only 
possible if CCS is effective and deployable on a 
widespread basis; without it gas would need to 
be almost entirely removed from the electricity 
system. CCS is important not only for gas in the 
electricity sector but also for the production of 
hydrogen (Section 7.5) using Steam Methane Re-
former (SMR) technology. In 2050, under D-EXP 
and R-DEM, gas use for H2 production accounts 
for around 25% of total gas consumption, or 
24 billion cubic metres (Bcm)/year, which is 
nearly double current industrial gas consump-
tion. In M-VEC H2 production in 2050 is both 
slightly lower with a lower proportion from SMR 
(as discussed in Section 7.6 below), but still ac-
counts for 10% of total gas consumption.
While increases are observed for power generation 
and H2 production with CCS, gas consumption in 
end-use sectors declines significantly (Figure 12). 
In industry, gas consumption falls steadily by 
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34	 It is possible that higher capture rates could be achieved 
using coal CCS, for two reasons. Firstly, the concentration 
of CO2 in the flue gas is higher for coal, and secondly, 
ensuring the economic viability of a coal CCS plant 
under a given carbon price is likely to mean plant design 
would ensure a higher capture rate is achieved.
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around 1%/year as it is displaced initially (up to 
2035) by biomass and biofuels and thereafter by 
hydrogen (Figure 20). The largest gas consumer 
is the residential sector, which currently accounts 
for around 40% of total UK gas consumption at 
just over 1300 PJ/year (around 35 Bcm/year). In 
spite of the decarbonisation efforts in all other 
sectors of the energy system, the residential sec-
tor continues its reliance on gas over the medium 
term, remaining broadly constant prior to 2035 
(Figure 28). The existing extensive gas transmis-
sion and distribution network in the UK (measur-
ing nearly 250,000 km in total) means that the 
continued use of natural gas boilers in the resi-
dential sector is the most cost-effective way to 
supply heating to buildings.
Shifting to an alternative energy source in the res-
idential sector requires a massive investment in 
new infrastructure, new technologies, and the de-
velopment of new markets. These alternatives, as 
discussed above in Section 6.2, are cost effective 
only at higher CO2 prices and so only start to be 
adopted at a significant scale after 2035 (particu-
larly in an optimisation modelling framework). It 
is important to note that the shift observed above 
is very ambitious, and would require significant 
development of infrastructure and market capaci-
ty beforehand to achieve. In reality, it is likely that 
the transition in supply will need to be underway 
in the mid-2020s. Given the scale of ambition, 
it is therefore unlikely that gas will be removed, 
and hence emissions reduced, from the residential 
sector by market factors alone. A combination of 
regulatory mechanisms in combination with mar-
ket incentives will be required if policy makers 
want to decarbonise the residential sector over 
the medium term. 

Key uncertainties concerning the role of gas
It is clear from the above that as long as key 
technologies are available, deployable on a wide 
scale, and cost effective, gas can continue to re-
main part of the UK energy system. However, it 

remains on open question how this consumption 
will be supplied. The UK became a net importer of 
gas in 2004 following a peak in North Sea produc-
tion in 2001 and has to date relied predominantly 
on gas from Norway, and Liquefied Natural Gas 
(LNG) from Qatar (Bradshaw et al. 2014). The UK 
is also well connected with the continental Euro-
pean gas market through two interconnectors to 
Belgium and the Netherlands. Global modelling 
of the natural gas markets has suggested that 
there is sufficient gas available from these sources 
(McGlade 2014). However, from a diversification 
and security of supply perspective, and following 
the marked upturn in gas production in the United 
States, there is increased interest in developing 
new potential shale gas resources in the UK.
At present there is little accurate knowledge of 
the technically and economically recoverable re-
sources of shale gas in the UK (McGlade 2013). 
Combined with the substantial and ongoing de-
lays to which the industry has been subject as a 
result of political and regulatory processes and 
local opposition, a shale gas industry satisfying 
even a marginal level of UK gas consumption cur-
rently remains something of a distant prospect.
From the perspective of reducing greenhouse gas 
emissions, a fundamental factor for shale gas is 
the level of methane that is leaked during pro-
duction (so called ‘fugitive emissions’). This is a 
contentious issue with much uncertainty over 
the extent to which they are significant. Suffice 
to say that given the difficulty in reaching the 
80% reduction in emissions, if fugitive emissions 
are non-negligible, then it cannot be argued that 
shale gas is beneficial from an emissions perspec-
tive. If fugitive emissions are negligible or are 
easily controlled, then as discussed by MacKay & 
Stone (2013), shale gas is likely to have lower life 
cycle emissions than importing the gas from else-
where such as LNG or gas imported by pipeline 
from, for example, Russia. 
The final area to examine is the delivery system 
for gas. The importance of maintaining the ex-
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isting gas transmission and distribution system 
over the medium term can be seen from the con-
tinued use of gas in the residential sector out to 
2035. Gas use in the distribution system howev-
er then drops by at least 50% and by over 85% 
in M-VEC over the following 15 years. A key ques-
tion therefore remains on how the distribution 
system will be maintained during the transition 
to a low-carbon energy system, particularly since 
any new investments in maintaining the grid will 
likely be used for a maximum of around 20 years 
compared with the usual technical lifetime of 
such pipelines of around 80 years.

7.4  Bioenergy: an important energy 
source but with large resource supply 
uncertainties

Bioenergy currently accounts for around 3% 
of total primary energy supply, the majority 
of which is used for electricity generation. Our 
modelling suggests that it will have an increas-
ingly significant role to play, as sectors switch 
to lower carbon fuels, and bioenergy is used in 
electricity and hydrogen production (Figure 29). 

In primary energy terms, the share could be al-
most 20% by 2050 (under M-VEC).
Consumption increases markedly in 2025, as this 
is when the carbon budgets become particular-
ly binding, requiring significant fuel switching. 
Under M-VEC, the system uses comparatively 
higher levels of bioenergy post-2030 due to 
the more limited role of electricity, highlighting 
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an important alternative decarbonisation path-
way. This is shown in the ‘use by sector’ graphic 
(Figure 30), where more bioenergy is used direct-
ly in end-use sectors.
If permitted, bioenergy will be used to generate 
so-called negative emissions in electricity and 
hydrogen production using CCS technologies. In 
2050, when this option is applicable, most of the 
allocation to hydrogen production and electricity 
generation sectors is used in CCS technologies. 
This provides emissions ‘headroom’, enabling 
other sectors to undertake lower levels of mit-
igation action. In Figure 26, under the D-EXP 
scenario, bio-energy use with CCS (BECCS) 
provides around a 50 MtCO2 saving through 
its use in electricity and hydrogen production. 
Under M-VEC, the contribution is much lower 
(~20  MtCO2), due to the later deployment of 
CCS technologies. 
It is however important to recognise two of key 
uncertainties regarding the use of bioenergy. 
First, its carbon intensity. The carbon intensity of 
bioenergy is the ratio of CO2 released upon com-
bustion of the bioenergy to the amount of CO2 
sequestered during its growing. An important 
related point is the time delay associated with 
this. While the lifecycle emission from different 
sources of bioenergy is still debated (Matthews 
et al. 2014), it is clear that if it is not carbon 
neutral or very close to being carbon neutral, its 
importance in a DDP would be vastly reduced. 
The second uncertainty regards the volumes of 
bioenergy that are available to the UK at dif-
ferent prices. This is particular important as the 
UK has relatively limited potential for growing 
bio-resources domestically. A CCC (2011) report 
suggested that the UK could produce between 
390 PJ and 750 PJ in 2050 varying under differ-
ent scenarios i.e. 25% to 50% of the consump-
tion in M-VEC in 2050.
With a global effort working towards keeping the 
increase in average global surface temperatures 
below 2 °C it can be anticipated that bioenergy 

and bio-resources will be extremely valuable. 
The volumes that are available to the UK under 
such a scenario could therefore be much lower 
and the price at which it can import bioenergy 
higher. To understand how much may be avail-
able, global modelling of the energy system is 
required. Indeed, previous analysis using the 
global integrated assessment model TIAM-UCL 
suggested that the UK may not be able to import 
any bioenergy in 2050 in a globally cost-optimal 
2 °C scenario although this did vary depending 
on other technological assumptions (Anandara-
jah & McGlade 2012). Nevertheless, given the 
demand from other regions (particularly China) 
under such a scenario, it was found that bio-
mass prices were over four times higher than in 
a scenario with limited global action on emission 
mitigation.

Challenges and policy needs
Bioenergy supply is a critical fuel for decarboni-
sation. However, its availability is subject to large 
uncertainties, particularly in terms of imports, 
where under our assumptions all countries will 
be focused on decarbonising their energy sys-
tems. For a cost-effective transition, its availa-
bility has been estimated to have the strongest 
impact of any supply option, givens its potential 
role for use with CCS (Pye et al. 2015).
Our scenarios suggest that in 2050 between 
25-75% of available bioenergy would optimally 
be used in combination with CCS technology, 
reflecting the opportunity to generate negative 
emissions. For this mitigation option, in addi-
tion to the need for CCS deployment, account-
ing rules will need to be established to allow 
for such mitigation benefits, and there will need 
to be broad acceptability about the use of such 
an option. Policies will need to be orientated to 
ensure that bioenergy that is used is both sus-
tainable (to ensure carbon neutrality), and that 
it is used in way that reflects that this is a high 
value resource for emissions mitigation. The nu-
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merous uncertainties also need to be considered, 
concerning supply availability in a decarbonising 
world, the acceptable use of bioenergy in CCS, 
and the need for sustainable supply.

7.5  Hydrogen: large-scale 
deployment contingent on 
significant cost reductions
Under the DDPP scenarios, hydrogen starts to 
play an important role in the energy system from 
2040, particularly in the transport, industry and 
electricity sectors. Despite the high costs of 
hydrogen supply in the model, its use in both 
freight transport and industry reflect the difficul-
ty in cost-effectively reducing emissions in these 
sectors. In our modelling, due to infrastructure 
constraints and high costs, the use of hydrogen 
in the buildings sectors is not considered. How-
ever, it is important to recognise that a range of 
research does find application for hydrogen sys-
tems in these sectors (Dodds and Hawkes 2014). 
As noted in the previous section, production 
through SMR (with CCS), which relies upon nat-

ural gas as a feedstock, dominates hydrogen pro-
duction, except in M-VEC, where electrolysis is the 
main means of production, using much of the sur-
plus wind generation (and reducing curtailment), 
as shown on the left of Figure 31. This proves an 
especially effective means of using intermittent 
electricity for production of hydrogen, which can 
then be stored. Biomass use with CCS technology 
is also an important means of production, and for 
achieving significant mitigation benefits.
Enabling hydrogen systems will require signifi-
cant development and investment in hydrogen 
production and fuel cell technology, and asso-
ciated infrastructure. We assume limited use 
of hydrogen in existing gas networks, meaning 
that new transmission and distribution infra-
structure is required. While expensive, costs 
can be reduced if infrastucture is built in the 
right place. For example, there is no need for 
hydrogen distirbution grids for transport since 
it is assumed that the transmission grid will be 
built along motorways to link up with re-fueling 
stations. This type of investment clearly requires 
some strategic planning, with central and / or 
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regional government playing a crucial role in the 
decision to deploy such infrastructure. At some 
stage in the next 10-15 years, there will need to 
be a decision about whether infrastructure (at 
some scale) is required to support technology 

deployment, which will in turn be dependent 
on technology performance and cost. Prior to 
such decisions being made, it is important that 
hydrogen technology development is supported 
both at the national level and globally.

8Conclusions

Modelling studies have long established that it is 
both technically feasible and economically viable 
to meet the decarbonisation objectives of the UK. 
However, there remains a live discussion about 
what type of pathway the UK should choose, to 
an extent articulated in the scenarios present-
ed in this report. This reflects key uncertainties 
around the role of specific technologies, and the 
effectiveness of policies to deliver such a major 
transformation. However, uncertainty must not 
be a basis for inaction; the role of Government 
must be to put in place the right policy frame-
work now that drives technology R&D forward, 
facilitates market uptake of new technologies, 
and engages society in what will be a re-orienta-
tion of the energy system. In their recent report, 
ETI (2015) made a strong case that the UK needs 
to scale up efforts now to allow for a large scale 
transition in the necessary timeframe.
The modelling featured in this report provides 
some key insights, from which we can draw some 
important conclusions for the policy process.
A reduction in power sector carbon intensi-
ty to 35-75 gCO2/KWh (from current levels 
of just under 500 gCO2/KWh) is critical by 
2030, to meet domestic climate objectives and 
to provide the platform for expansion of electri-
fication of end-use sectors after 2030. In addi-
tion to being the most cost-effective sector in 
which to target action, the power sector allows 
for more rapid emissions reduction within the 
tight timescales of the next 15 years. The need 
to replace much of the current capacity affords 

an excellent opportunity for this transition.
Given the tight timescales and the required 
scale of transition, policy needs to be strong 
and effective. While some important progress 
has been made through the Electricity Market 
Reform process, we have highlighted concerns 
around consistency of the current approach, 
for example the capacity mechanism allowing 
for coal plant to play a role, and inadequacy 
of the policy timeframe, meaning a lack of 
certainty for investors across key technolo-
gies. It is also important that all current low 
carbon technologies continue to be supported, 
particularly those that are proven and cost-ef-
fective e.g. onshore wind. Taken together, and if 
not addressed, there is potential for a real risk 
of ‘slippage’ in the deployment of low-carbon 
generation technologies.
The costs of mitigation would be signifi-
cantly higher without specific key low-car-
bon technologies. The scenario analysis shows 
that delay in deployment and subsequent lower 
levels of nuclear and CCS (under M-VEC) will 
increase necessary investment levels, and lead 
to significantly higher costs of abatement. CCS 
is not only critical for low-carbon expansion of 
the power sector, but also key to the provision 
of mitigation action in the industry sector and 
low-carbon hydrogen supply. If this technology 
is to succeed, the Government must work with 
international partners on CCS technology, and 
have in place a successful UK demonstration pro-
gramme and first-of-a-kind build out to 10 GW 

8	
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by 2030.
Crucially, demand side measures can reduce 
the costs by reducing energy use and energy ser-
vice requirements, and this should be a key focus 
for Government. Such measures partly mitigate 
against the risks of slippage in deployment of sup-
ply side measures, and reduce the costs of miti-
gation. A stronger policy approach is needed to 
deliver energy efficiency retrofits of existing build-
ings in the near term, and to increase the deploy-
ment of demand side measures in the transport 
sector. We know what is need to achieve energy 
efficiency in the residential sector, and the result-
ing CO2 reduction, economic and social benefits, 
particularly in tackling fuel poverty.
Electrification of end-use sectors appears 
to be critical, even accounting for the role 
of other low-carbon energy supply options. 
By 2050, electrification of end-use sectors is 
between 30 – 40% (of final energy) under all 
scenarios, a more than doubling of supply rela-
tive to current levels. An increased role could be 
envisaged if we foresaw a less optimistic outlook 
for hydrogen in industry and transport sectors. 
However, there do appear limits to the share 
of electrification, based on our current under-
standing of the potential system pathways in our 
modelling. Firstly, it is very difficult for electricity 
to displace all gas used for heating buildings, due 
to the large peak demand in winter. This could 
of course be overcome by development and de-
ployment of cost-effective on-grid or in-building 
battery storage systems. Secondly, our assump-
tions that battery electric technology only ap-
plies to light duty vehicles could be altered by 
future developments in battery technology. 
Hard-to-mitigate residual emissions in the 
longer term make it extremely challenging to 
increase ambition levels via a technology-fo-
cused approach alone. Non-CO2 GHGs and 

CO2 from international aviation account for 70% 
of residual emissions in 2050. In our analysis, this 
results in energy sector emissions (excluding in-
ternational transport) reducing by 90%, relative 
to 1990 levels, with very high mitigation costs at 
the margin. This situation could be further com-
pounded by a strongly reduced role for hydrogen 
in freight and international shipping, which could 
be deemed optimistic in our scenarios.
For policy makers, attention needs to be focused 
on these hard-to-mitigate sectors. This means 
focusing additional research and development in 
this area, as has been done for industry recently 
through the Industrial Decarbonisation and Ener-
gy Efficiency Roadmaps,35 shifting greater focus 
to demand side solutions, and ensuring policy 
does not make the problem worse. For example, 
it is not credible that the UK can have ever grow-
ing airport capacity whilst expecting to achieve 
its long term climate objectives. 
A significant role for fossil fuels in the energy 
system after 2040 is wholly contingent on 
CCS. Our analysis shows that the continued use 
of gas on the supply side is subject to its use in 
CCS, for electricity and hydrogen production. It is 
imperative that energy policy first focuses on de-
veloping CCS technology, not in developing new 
fossil resources, which cannot be used otherwise. 
Fossil fuel use in end-use sectors is at around 
35% of the 2010 level by 2050, reflecting the 
intractable situation whereby gas continues to 
be used to some extent for heating in build-
ings and few options emerge for dealing with 
oil use in international transport. In part, this 
reflects further important work necessary to 
determine more effective mitigation options 
for these sectors.
Bioenergy can play a role in decarbonisation 
but this is limited by supply availability. Our 
analysis shows a critical role for bioenergy, in-

35	 For further information, see  
https://www.gov.uk/government/publications/industrial-decarbonisation-and-energy-efficiency-roadmaps-to-2050
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cluding for providing negative emission savings. 
However, we estimate that it can only account 
for around 15%-20% of primary energy at best, 
meaning that it is limited in terms of displace-
ment of other fuels. It is also worth highlighting 
that there is significant uncertainty around bio-
energy resource availability and costs, particular-
ly with all other countries accessing global supply 
for decarbonisation.

8.1  How much further could the UK go?

A question remains whether an 80% reduction 
in GHG emissions by 2050 is ambitious enough, 
and whether the rate of reduction needs to be 
stronger by 2030. It may be that the UK, un-
der a future agreement, will need to increase 
its own rate of emissions decrease, and aim for 
a more challenging reduction level in the long 
term. Certainly, a range of commentators sug-
gest that an 80% reduction is not adequate, if 
indeed we want to ensure that there is a much 
greater chance e.g. 80% chance of staying below 
a 2 °C temperature rise, as opposed to the less 
constrained global budget numbers quoted in 
this report. 
We believe that it is important that the CCC 
keeps this longer term target under review, and 
reflects whether it should be tightened based 
on the science. We also consider that modelling 
analyses should start considering the even longer 
term, as the IPCC budgets imply the need to 
move to a net zero emission situation soon af-
ter 2050. For example, the CO2 budget to 2050 
(starting from 2011) as described in this report 
is 860 – 1180 GtCO2; to 2100, the budget (on 
the same basis) is 960 – 1430. If we take the 
middle of each range, a difference of 175 GtCO2 
is estimated, allowing for only 3.5 GtCO2 per 
year (assuming the budget up to 2050 was used). 
This means that there are important implications 
for the choices and types of infrastructure that 
we invest in before 2050 if indeed our ultimate 

aim is to have a net zero emissions system.
This analysis provides some insights into the 
challenges of more ambitious reductions, and 
what might be needed for deeper decarbonisa-
tion. Firstly, it is likely that stronger demand side 
reductions would be required, and much more 
ambitious than those under the R-DEM scenar-
io. This is particularly pertinent to international 
aviation, which accounts for 0.5 tCO2e per cap-
ita out of a total of 2.1 t in 2050. With strong 
efficiency gains for this sector included in the 
analysis, few technical options remain with the 
exception of increasing use of biofuels.
Secondly, further analysis of options to reduce 
non-CO2 GHG is needed. However, again it is 
evident that most of the remaining non-CO2 
GHGs are associated with food production pro-
cesses, and account for 0.6 tCO2e per capita in 
2050 (or 29% of remaining emissions). A radical 
change in dietary requirements, such as less meat 
in the diet, and improved efficiency of consump-
tion may be needed to significantly reduce these 
emissions.
Our scenarios already assume the availability of 
two key mitigation options which are not yet 
commercially available; CCS for decarbonised 
electricity, and hydrogen for transport and indus-
try sectors, most of which is produced with CCS 
technologies. A further associated option is the 
use of bioenergy with CCS, for gaining so called 
‘negative emissions’. With our 2050 solution 
premised on such options, further reductions 
would appear very challenging. 
Of course, it is important to note that our out-
look on possible solutions is somewhat limited by 
our modelling approach. More work is needed to 
consider the role of storage and other aspects of 
smart systems for enabling higher levels of elec-
trification, how district heating can play a more 
extensive role using renewable and waste heat 
sources, and what additional measures could be 
taken on the demand side. This further explora-
tion of further reductions is certainly necessary, 
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as we start analysing the post-2050 system and 
the need to move to a net zero emissions system.
Some researchers have already been thinking 
about a net zero emissions future, for example 
the Centre for Alternative Technology (CAT). In 
their most recent report (CAT 2013), they map 
out a potential pathway to achieve this by 2030. 
This extremely ambitious pathway, dictated by 
CAT’s view of the UK fair budget, provides some 
insights into the necessary options including 
changing diet (reduced meat intake), reducing 
food waste, strong push on energy efficiency and 
renewable generation (based on existing tech-
nologies). Whether timescales could allow for 
such a transition or not, this analysis highlights 
that greater ambition needs to move beyond 
technological supply-side focused solutions.
Further work is needed to develop our modelling 
capability to firstly provide improved representa-
tion of options in those hard-to-mitigate sec-
tors. This includes a stronger focus on demand 
side and potentially lifestyle options if indeed a 
net zero emission system is to be achieved. As 
stated earlier, we also need to start considering 
the post-2050 system, to better understand 
whether our longer term investments to 2050 
are adequate for the more ambitious reductions 
required thereafter.

8.2  Emerging policy and research 
needs

Based on our report, there are a number of key 
recommendations for policy, in ensuring that 
deep decarbonisation can be achieved in the UK, 
and some critical further research needs. 
On policy – 

yy Longer term infrastructure policy needs to take 
account of GHG reduction targets, including 
airport expansion, other transport infrastruc-
ture (incl. urban design), and extractive indus-
tries. This will ensure that we are not `locked-
in’ to any new higher carbon infrastructure, 

which will remain in the system for many 
years. What is crucial is a consistent package of 
measures, where short and long term decisions 
all move in a low-carbon direction.

yy Current and future policy must deliver certain-
ty for investors, particularly given the lead in 
time and payback periods for longer lived en-
ergy system assets. It also needs to recognise 
that this transition will be to a more capital 
intensive, fixed cost system, requiring neces-
sary incentives and access to capital.

yy A greater focus must be made on delivering 
energy efficiency potential in the buildings 
sector, taking the opportunity to deliver af-
fordable energy for those groups suffering from 
fuel poverty. 

yy In addition to scaling up deployment of 
low-carbon technologies for power generation 
now, a real focus is needed in preparing for 
strong deployment of heat pumps in the build-
ing sector, and low emission vehicles in trans-
port. This means acting now to build supply 
and skills capacity, developing the necessary 
infrastructure, and embarking on some roll-out 
programmes to identify challenges.

On research - 
yy Further work is needed to better understand 
and aid policy makers in dealing with multiple 
uncertainties concerning technology, so that 
such uncertainties can be effectively mitigated 
under robust policy. This means improvement 
to modelling tools and analytical approaches. 

yy Greater focus is needed on options for 
hard-to-mitigate sectors, particularly demand 
side measures. As the analysis suggests, a lack 
of understanding here and poor representation 
of demand side options restricts our ability 
to increase our ambition level for long term 
mitigation.

yy More research is needed on the role of dif-
ferent actors in the transition. This includes 
issues concerning market design and how this 
will affect consumers, and who will deliver the 
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investment required.
yy Public acceptability concerns also need to be 
better understood. Given the significant tran-
sition that is envisaged, it is imperative that 
public acceptability concerns are given an 
appropriate level of attention. In their Ener-
gy Strategies under Uncertainty, Watson et al. 
(2014) stated that ‘engagement with people 
and communities is an essential component 
of the UK’s low-carbon transition’ not just for 
individual technologies but for the whole sys-
tem, and that a focus of engagement should be 
on how a transition was organized and paid for. 

8.3  International cooperation and 
coordination

The UK, like most other countries, will not be 
able to deliver the required transition to a deep-
ly decarbonised system alone. Firstly, there will 
need to be strong cooperation on key technolo-
gies, such as CCS, where learning has to be fairly 
rapid if indeed this technology can be scaled 
globally to the required levels. The UK can also 
look to develop technologies in areas where it 
has specific expertise, notably offshore wind and 
marine technologies. Secondly, the UK should 
looks for ways to share experiences of what pol-
icy mechanisms have worked, and approaches to 
setting up institutional capacity. Some of these 
experiences are listed below. The UK can also 
learn from effective action in other countries. 
Thirdly, the UK should at least maintain and look 
to increase its assistance to developing countries 
in the area of climate change and sustainable 
energy through various channels, including via 
DFID funding. 
Concerning the second point, the experience of 
developing climate legislation and policy in the 
UK can provide some useful lessons to other 

countries embarking on the development and 
implementation of decarbonisation strategies. 
The positives in the UK experience relate to 
both establishing climate policy priorities and 
institutional capacity in legislation, and starting 
to tackle the implementation of policies to get 
the UK on its own low-carbon pathway. Firstly, 
by legislating for a long term target and setting 
up an independent advisory body under the Cli-
mate Change Act 2008, the UK Government has 
gone some way to de-politicising the objectives 
of transitioning to a low-carbon economy. There 
is now a general cross-party consensus on the 
objectives enshrined in the Climate Change Act 
2008, as recently demonstrated by a cross-party 
pledge.36 Critically, the climate legislation has 
remained intact across the last political cycle, 
and should do so for the next five years.
The CCC, as government advisors, not only pro-
vide independent advice on carbon budgets, 
largely accepted by Government to date, ensur-
ing the UK remains on course to meet its long 
term objective, but also holds the Government 
record to account. This is done through the pub-
lication of an annual report (CCC 2014), where 
progress is measured against a set of indicators. 
Such an approach could usefully be adopted 
elsewhere following development of a strategy. 
This advisory and accountability role is enabled 
by the CCC having a strong analytical capabil-
ity, in turn providing stakeholder confidence in 
the implementation of policy and monitoring 
of progress.
Finally, the Government, based on such advice, 
has embarked on a strategic and analytically ro-
bust approach to decarbonisation over the long 
term. Near to mid-term carbon budgets ensure 
the longer term pathway, and point to important 
areas for policy strengthening e.g. strong power 
sector decarbonisation, CCS commercialisation 

36	 Joint party pledge on climate change action -  
http://www.green-alliance.org.uk/resources/Leaders_Joint_Climate_Change_Agreement.pdf
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Executive summary

etc. This has also helped to provide additional 
certainty to investors although it is evident that 
strong policy measures are also needed along-
side this strategic framework. 
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Appendix 1. 
Additional 
information on UKTM
The UKTM model is divided into three supply side 
(resources & trade, processing & infrastructure 
and electricity generation) and five demand sec-
tors (residential, services, industry, transport and 
agriculture). These are briefly described in Table 4.
All sectors are calibrated to the UK energy bal-
ances (DECC 2011b) in the base year, 2010, for 
which the existing stock of energy technologies 
and their characteristics are taken into account. 
The large variety of future supply and demand 
technologies are represented by techno-eco-
nomic parameters such as the capacity factor, 
energy efficiency, lifetime, capital costs, O&M 
costs etc. For most technologies or technology 
groups, growth constraints between 5 to 15% per 
year are fixed to ensure realistic future technol-
ogy deployment rates.
While UKTM has flexible time periods, and can be 
run for any time horizon up to 2100, our analy-
sis uses two single-year time periods representing 
2011 and 2012 and there-after five year periods 
from 2015 up to 2050. To represent changes in 
demand across seasons and hours of the day, it 
features a time resolution of 16 time-slices (four 
seasons and four intra-day times-slices). This al-
lows for some representation of peak demand, sys-
tem security via a peak reserve margin, and there-
fore key requirements for power system operation.
In addition to representing energy flows, UKTM 
models both energy and non-energy related 
CO2, CH4, N2O and HFC emissions. In 2010, all 
emissions are calibrated to the UK Greenhouse 
Gas Inventory (Ricardo-AEA 2014), including 
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Includes potentials and cost parameters for domestic resources and traded energy products. For fossil fuels, assumptions are mainly based on results from the global 
energy system model TIAM-UCL (Anandarajah et al. 2011), while the assumptions on bioenegy potentials are aligned with the CCC’s Bioenergy Review (CCC 2011, 
Extended land use scenario).

Divided into 8 subsectors of which the most energy-intensive ones (iron & steel, cement, paper and parts of the chemicals industry) are modelled in a detailed 
process-oriented manner (based on Grif�n et al. 2013), while the remaining ones are represented by generic processes delivering the different energy services 
demands. The demand projections are aligned with the DECC Energy and Emissions Projections model (EEP). 

Represents, in addition to processes for the comparatively small fuel consumption for energy services, land use and agricultural emissions as well as several mitigation 
options for these emissions (Moran et al., 2008).

Nine distinct transport modes are included (cars, buses, 2-wheelers, light goods vehicles, heavy goods vehicles, passenger rail, freight rail, aviation and shipping). 
For road transport, the demand projections are based on the road transport forecasts 2013 (DfT 2013) and the technology parameters are mainly sourced from Ricardo-AEA (2012).

Represents a large variety of current and future electricity generation technologies as well as storage technologies, the transmission grid and interconnectors to 
Continental Europe and Ireland. The technology assumptions are mostly aligned with DECC's Dynamic Dispatch Model (DDM, DECC 2012).

As per residential structure, but stock divided into low- and high-consumption non-domestic buildings. The technology data is based mostly on the same UK-focused 
building studies mentioned for the residential sector. 

Domestic housing is divided into existing and new houses. In addition to a large portfolio of heating technologies for the two main energy service demands of space 
heating and hot water, other services like lighting, cooking and different electric appliances are represented. The technology data is based on various UK-focused 
building studies, including Carbon Trust (2009), Bergman and Jardine (2009), Davies and Woods (2009), Radov et al. (2009), Element Energy & Energy Saving Trust (2013).

Covers all energy conversion processes apart from electricity generation, including oil re�neries, coal processing, gas networks, hydrogen production, bioenergy 
processing as well as CCS infrastructure.

Resources and trade

Agricultural and land use

Transport

Industry

Services

Residential

Power generation

Energy processing

Table 5. Characteristics of DDPP scenario narratives

Table 4. UKTM sector descriptions

Approaches to delivery

Strength of policy framework

Focus and timing of sectoral action

Societal perspectives

Strong central coordination to deliver large scale infrastructure. Delivery of end-use sector transition also requires strong incentives 
but uses a range of delivery mechanisms.

Policy strongly focused on delivery of power sector decarbonisation by 2030. This means effective long term incentives to investors, 
and a strong push on demonstration programmes for CCS.

Strong push on early power sector decarbonisation, while scale up of electri�cation in buildings and transport post-2030.

Public acceptance of key low-carbon generation technologies is evident. End-use technology transitions gain acceptability to ensure no radical shift 
in energy using behaviour.

Weaker central coordination results in more limited delivery of speci�c power sector technologies. 
Delivery of end-use sector transition also requires strong incentives but uses a range of delivery mechanisms.

Policy does not achieve the deployment of nuclear and CCS but rather focuses on strengthening current incentives for offshore wind deployment. 

Due to more moderate decarbonisation of the power sector prior to 2030, other sectors need to do more. 
Bioenergy resource requirements increase, as does the role of hydrogen in the longer term.

Public acceptance of nuclear and CCS is low, in part due to delay and insuf�cient policy delivery. 
End-use technology transitions gain acceptability to ensure no radical shift in energy using behaviour.

Delivery of measures in transport and buildings are community and local authority led, with Government providing the broader policy and strategic framework. 
This means stronger devolvement of energy and planning policy to regions.

Policy is focused on both the delivery of demand side measures in parallel to key low-carbon supply-side technologies. 
A more devolved framework sees lower requirement for large scale deployment.

Earlier demand side action on buildings and in transport, in parallel to deployment of key low-carbon technologies, realises lower system costs in the long run. 

Society pushes for the more devolved approach to the transition, embracing measures for building retro�t via community based approaches, 
and to reducing car usage. In some respects, the transition is as much a societal led response as one that is imposed by central government.

D-EXP

M-VEC

R-DEM

D-EXP

M-VEC
R-DEM

D-EXP
M-VEC

R-DEM

D-EXP

M-VEC

R-DEM
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For fossil fuels, cost estimates from global modelling with TIAM-UCL (Anandarajah et al. 2011) are used, differentiating between domestic 
and imported commodities. The world market price for crude oil reaches 90 $2010 per barrel in 2050; supply curves are implemented 
for domestic resources; bioenegy potentials are based on CCC (2011, Extended land use scenario).

Range of measures described in section 6.3, including CCS, and primarily based on Grif�n et al. (2013).

Heat pumps: Size issues and other factors restrict heat pumps to 60% of dwellings; 
District heating: limits based on building type density, and whether existing or new build.

15% growth rate across different LEVs, using an initial market size value (seed) of 200,000 for cars, and 10,000 for HGVs / 25,000 for LGVs.
Technology assumptions largely based on Ricardo-AEA (2012).

Capacity capped at current (2010) levels.
Supply curve for domestic resources based on results from TIAM-UCL (Anandarajah et al. 2011), including potential for shale gas. 

As described in section 3.2.

Investment annualisation rates of 10% commercial, & 5% private.
3.5% (for NPV calculation), as per UK’s appraisal guidance (Green Book).

All GHGs, including non-CO2 GHGs and international aviation and shipping
(as important source under domestic legislation); see Appendix 1. 

Not permitted; domestic action only.
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* National Population Projections, 2010-Based Projections. http://www.ons.gov.uk/ons/rel/npp/national-population-projections/2010-based-projections/index.html

Buildings

Transport growth rates

Electricity imports
Gas resources

Commodity prices
and potentials

Central government sourced assumptions. GDP long term growth rate ~2.3% (OBR 2012); 
population rate 0.78%, declining to 0.36% by 2050 (UK ONS).* Industry drivers from DECC Energy and Emissions Projections model (EEP).

Projection drivers
Cost of capital
Discount rate

Sectoral coverage
Carbon offsets
GHG reductions targets

Demand: For car passenger, rate of growth halved; 471 compared to 544 bvkm (2010 level 413 bvkm); 

25% reduction in aviation growth rate to 2030, and 50% thereafter (as constraints tighten)

No use in the buildings sector; penetration in transport sector post-2030.  

Production w/ CCS delay to 2040 (due to later deployment of infrastructure)

Peaking at 300 TWh in 2040, and then at 260 TWh by 2050 (CCC Extended land use scenario)

Peaking at 460 TWh in 2040, and 430 TWh by 2050 (increased global import share assumed).

Peaking at 300 TWh in 2040, and then at 260 TWh by 2050 (CCC Extended land use scenario)

No use in the buildings sector; penetration in transport sector post-2030

No use in the buildings sector; penetration in transport sector post-2030

Minimum 5 GW by 2030, to gain cost reduction in future years. Post-2030 permitted build rate of 2-3 GW per year

No minimum build by 2030, and therefore more limited cost reduction in future years. Post-2030 build rate limited to 1 GW per year. 

Minimum 5 GW by 2030, to gain cost reduction in future years. Post-2030 permitted build rate of 2-3 GW per year

Limit on cumulative new build of 35 GW. 1GW per year in 2020s, rising to 2 GW per year post-2030

Higher CAPEX assumed, and more stringent build rates, limited to 0.5 GW/yr

Limit on cumulative new build of 35 GW. 1GW per year in 2020s, rising to 2 GW per year post-2030

Minimum 20 GW by 2030, to gain cost reduction in future years. Permitted build rate of 2GW/year in 2020s, rising to 2.5 GW/year by 2050

Minimum 20 GW by 2030, to gain cost reduction in future years. Permitted build rate of 2GW/year in 2020s, rising to 3 GW by 2050

Minimum 20 GW by 2030, to gain cost reduction in future years. Permitted build rate of 2GW/year in 2020s, rising to 2.5 GW/year by 2050

Lower costs of PHEV / EVs due to faster market uptake.
Relaxed constraints on H2 share in road vehicles. Higher costs of PHEV / EVs due to slower market uptake.

Moderate growth in building retro�t (as per CCC assumptions)

Moderate growth in building retro�t (as per CCC assumptions)

Stronger growth in conservation measures through retro�t, reducing building energy demand

CCS: CCS infrastructure availability in 2030, limited to potential 15 MtCO2.

Delay of IND CCS infrastructure availability, with only limited penetration by 2035.
CCS: CCS infrastructure availability in 2030, limited to potential 15 MtCO2.

Table 6. Standard analysis assumptions across DDPP scenarios

Table 7. Model implementation of DDPP scenario
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Standardised DDPP graphics for UK scenarios

those from international aviation and shipping. 
The GHG emission factors for the combustion of 
fossil fuels are taken from the Greenhouse Gas 
Conversion Factor Repository (DEFRA & DECC 
2014). Non-energy emissions from industrial 
processes are modelled as outputs of the re-
spective process technologies in iron & steel, 
cement and ammonia production and technolo-
gy-specific mitigation options (most importantly 
CCS technologies) are included. The remaining 
process-related emissions (about 25% of total 
emissions from industrial processes in 2010) 
from the non-ferrous metals and the non-me-
tallic minerals industries are included in an ag-
gregate manner as a function of total output of 
these industries and so far no mitigation options 
are included for these emissions. 
HFC emissions are modelled as a function of the 
energy service demand for refrigeration in the 
residential, services and industrial sectors, and 
refrigeration processes with HFO-based refrig-
erants are available as a mitigation option. Land 
use emissions in the UK are expected to increase 
from -3.7 MtCO2e in 2010 to 4 MtCO2e in 2050; 

these can be reduced through reforestation in 
UKTM. Agricultural emissions from crops and 
livestock can be mitigated through a variety of 
abatement options which are taken from Moran 
et al. (2008). For more information on UKTM, see 
Daly et al. (2015).

Appendix 2. 
Characteristics 
of DDPP scenario 
narratives, and 
their model 
implementation
The characteristics of the different scenario nar-
ratives are described in Table 5 below, provid-
ing a coherent and consistent storyline for each 
pathway.
Table 6 lists the standard analysis assumptions 
used across all scenarios, while Table 7 outlines 
the scenario specific assumptions.

Standardised DDPP 
graphics for UK scenarios

UK - Decarbonise & Expand

UK - Multi vector

UK - Reduced Demand
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Standardised DDPP graphics for UK scenarios
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Standardised DDPP graphics for UK scenarios
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Standardised DDPP graphics for UK scenarios
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Standardised DDPP graphics for UK scenarios
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Standardised DDPP graphics for UK scenarios
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Acronyms
BECCS	 Bioenergy with CCS
BEVs	 Battery Electric Vehicles
CAT	 Centre for Alternative Technology
CCAs	 Climate Change Agreements
CCC	 Committee on Climate Change
CCS	 Carbon Capture and Storage
CfDs	 Contracts for Difference
CNG	 Compressed Natural Gas
COP21	 21st session of the Conference of the Parties to the UNFCCC
DDPP	 Deep Decarbonisation Pathways Project
DECC	 Department of Energy & Climate Change
DTI	 Department of Trade and Industry
ECO	 Energy Company Obligation
EMR	 Electricity Market Reform
ETI	 Energy Technologies Institute
ETSAP 	 Energy Technology Systems Analysis Programme
EU ETS	 European Union Emissions Trading Scheme
H2FC	 Hydrogen Fuel Cell
HGVs	 Heavy Goods Vehicles
IA&S	 International aviation and shipping
IEA	 International Energy Agency
LDVs	 Light Duty Vehicles (cars, vans)
LEVs	 Low Emission Vehicles
OLEV	 Office of Low Emission Vehicles
PHEVs	 Plug-in Hybrid Electric Vehicles
RCEP	 Royal Commission on Environmental Pollution
RHI	 Renewable Heat Incentive
SMR	 Steam Methane Reformer
TIMES	 The Integrated MARKAL-EFOM System
UKERC	 UK Energy Research Centre
UKTM	 UK TIMES Model
UNEP	 United Nations Environmental Programme
UN SDSN	 UN Sustainable Development Solutions Network
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