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WE are at a pivotal moment in the fight against climate change. Just two years ago, world leaders
from across the globe gathered in Paris and committed to an ambitious plan to tackle global
warming. Yet now we face the withdrawal of the world’s largest economy from the agreement,
while Brexit threatens to weaken action on climate change in the UK and across Europe.
Meanwhile, the urgency of tackling climate change is increasing. Extreme weather is becoming
more common, reducing crop production and pushing up food prices. As this report was being
finalised, Hurricane Harvey was inflicting billions of dollars’ worth of damage in the US, while
unusually heavy monsoon rains in India, Nepal and Bangladesh killed more than 1,000 and
affected, in some way, over 41 million people.
The impacts are not only increasing, they will soon reach a tipping point beyond which global
warming will become irreversible
How should Britain respond? We must do everything in our power to get our own house in order
and set an example to the world. What is needed now is a radical plan to decarbonise our economy
and set Britain up for a clean and green future. Over recent years, the UK has been seen as a
world leader in sustainability, innovation and cutting-edge technologies. The Coalition was the
greenest government ever, tripling electricity generation from renewable sources and establishing
the Green Investment Bank. But in the last two years the Conservatives have done their best to
unravel this progress and Britain is slipping quickly behind.
This is why so many of the ideas in this ground-breaking report are so desperately needed. The
report takes a comprehensive look at each sector and shows that becoming carbon-free by 2050
is both possible and necessary in order to meet the Paris Agreement’s ambitious target of limiting
temperature rise to 1.5 degrees. Furthermore, it sets out how this ambition can be delivered.
The report also demonstrates the clear economic advantages to investing in the green economy,
as well as the environmental benefits. Such investment will create jobs in every region of the UK
and develop expertise and skills that can be exported to the world. Restoring investor confidence,
which has been so deeply undermined by recent legislative changes, is also imperative.
Above all, the fight against climate change needs political will. The Conservatives have shown that
they lack it and have failed to act.
If climate change is to be taken seriously, Britain needs the Liberal Democrats – a party that
understands what bold measures must be taken and has the will to press ahead to a clean, green
and carbon-free future.
We hope you enjoy reading the report.

Sir Vince Cable MP & Baroness Featherstone

About this Report
The Liberal Democrats have an established aim of a Zero Carbon Britain (meaning a UK which
is a net-zero emitter of greenhouse gases) and have made a manifesto pledge to reach this goal
by 2050. Commissioned by the Liberal Democrat spokesperson on Energy and Climate Change,
Baroness (Lynne) Featherstone, this report reviews existing evidence on how to meet this target
and explores whether and how it could be achieved.
The review assembles a body of evidence and opinion drawn over a six-month period from
published reports, a series of in-depth bilateral meetings with a range of experts, input from
four roundtables, and meetings with the Liberal Democrat Climate and Energy Advisory Group. It
describes scenarios and pathways that potentially align with zero carbon ambitions and associated
challenges and opportunities, with particular emphasis on near term actions supporting the
objective.
It is important to emphasise that the scenarios set out in this document are not predictions
and that success in meeting climate change objectives will ultimately rely on a huge amount of
commitment and endeavour – in terms of policy design, science, technology, investment and
individual and societal behaviour change.

ABOUT THE AUTHORS
This report was compiled by Culmer Raphael and Iken Associates between December 2016 and
August 2017.
Lead Author: Dr Paul Pritchard (Iken Associates)
Co-Authors: Alasdair MacEwen (Culmer Raphael), Matt Prescott (Iken Associates), Edward
Robinson (Culmer Raphael)
© 2017, Culmer Raphael Ltd and Iken Associates Ltd

www.ikenassociates.com

www.culmerraphael.eu

__________________________
Published and promoted by Nick Harvey on behalf of the Liberal Democrats, 8-10 Great George Street,
London SW1P 3AE.
Printed by Bishops Printers Ltd, Walton Road, Farlington, Portsmouth, Hampshire PO6 1TR

ACKNOWLEDGEMENTS
Between December 2016 and July 2017, we undertook a series of roundtable discussions in London,
as well as telephone interviews and one-to-one meetings with experts. Whilst emphasising that
the subsequent interpretation and presentation of policy options is entirely our own, we would like
to thank the following for their time and their insights:
 Professor Bill Adams, Moran Professor of Conservation and Development, Cambridge
Conservation Initiative
 Alison Austin OBE, Non-Executive Director, WRAP
 Clifton Bain, IUCN UK Peatland Programme
 Martin Baxter. Executive Director of Policy, IEMA
 James Beard, Policy Specialist on Climate Change at WWF
 Matthew Bell, CEO of the Climate Change Committee (until July 2017)
 Duncan Brack, Liberal Democrats and Chatham House
 Tom Burke, Chairman of E3G
 Alasdair Cameron, Renewable Energy and Climate Change, Friends of the Earth
 James Cameron, Partner at SystemiQ
 Martin Chilcott, Founder and CEO of 2 Degrees
 Stephen Crosher, Liberal Democrat Energy Advisory Group
 Professor Sam Fankhauser, Co-Director of the Grantham Research Institute on Climate
Change and the Environment
 Baroness Featherstone, Spokesperson for Energy and Climate Change, Liberal Democrats
 Ajay Gambhir, Research Fellow at the Grantham Institute
 Professor Jon Gibbins, Director of the UK CCS Research Centre
 Professor Michael Grubb, Professor of International Energy and Climate Change Policy at
University College London
 Martin Hay, Portman Finance
 Chris Hewett, The Finance Innovation Lab (NB now at the Solar Trade Association)
 Dr Stephen Hall, School of Earth and Environment, Leeds University
 Professor Stuart Haszeldine, Professor of Carbon Capture and Storage, University of
Edinburgh
 Paul Herbertson, Director of Conservation Finance and Enterprise at Fauna & Flora
International (FFI)
 Dr Mark Hinnells, Centre for Alternative Technology
 Andrew Johnson, Senior Manager, Policy and Markets, the Carbon Trust
 Tony Juniper, Fellow, Cambridge Institute for Sustainability Leadership
 Michael King, Strategic Adviser working with The Carbon Trust
 Richard Lindsay, Head of the Environmental Research Group at the Sustainability Research
Institute
 Anna Ma, Responsible Business Executive, Sky
 Claire Mathys, Parliamentary Advisor, Liberal Democrats

 Ed Matthew, E3G
 Andrew Mitchell, Director of the Global Canopy Programme
 James Morison, Head of the Centre for Sustainable Forestry
 Mike Peirce, The Climate Group
 Dr Danny Pudjianto, Imperial College London
 Fiona Reynolds, Managing Director of the Principles of Responsible Investment (UNPRI)
 Jan Rosenow, International Energy Efficiency Expert - The Regulatory Assistance Project
(RAP)
 Dr Philip Sargent, Former Engineer at BEIS and DECC
 Professor Jim Skea, Chair in Sustainable Energy at Imperial College London
 Dr Tim Thom, Yorkshire Peat Partnership
 Stephen Tindale, Climate campaigner
 Richard Twinn, Policy Advisor at the UK Green Building Council
 David Vincent, Independent strategic energy consultant
 Paul Westacott, Origami Energy
 Members of the Liberal Democrat Energy Advisory Group

Table of Contents
SUMMARY REPORT 

1

STRONGER LONG-TERM TARGETS AND SHORT-TERM ACTION

1

HIGHER TARGETS: 80% EMISSIONS CUTS BY 2040-45, 93% CUTS BY 2050 

2

THE URGENT NEED FOR CARBON REMOVAL/NEGATIVE EMISSIONS

2

A PORTFOLIO APPROACH

2

DIFFICULT DECISIONS FOR THE 2020S

3

CURRENT DECARBONISATION PATHWAYS IN THE UK 
UK emissions, CCC carbon budgets and targets under the Climate Change Act 

3
4

WHEN SHOULD GLOBAL EMISSIONS FALL TO NET-ZERO? 

6

ALIGNING UK TARGETS WITH THE PARIS AGREEMENT

6

THREE CCC SCENARIOS: 1) ‘CENTRAL’, 2) ‘BARRIERS’, 3) ‘MAX’ 
Big implications for the UK power sector by 2030

7
7

OUR MODIFICATIONS TO THE CCC ‘MAX’ SCENARIO 
Including Peatland in carbon accounting 
Additional negative emissions from bioenergy with CCS (BECCS): a controversial debate	
Additional emissions savings from resource efficiency across businesses
(circular economy practices) 
From a 93% emissions reduction to 100%, by 2050

8
9
9
10
11

RESPONDING TO THE PARIS AGREEMENT’S 1.5 DEGREE AMBITION 
Relevant comparisons: three EU member states 

12
13

KEY POLICY IMPLICATIONS
CCS – support programmes
Invest heavily in Research & Development – especially in carbon removal/ negative emissions but
also in energy storage technology
Ensure current action on transport aligns with long term goals
Further Nuclear may not be the best option
Energy efficiency is the ‘first fuel’ 
Look at more regionalised approaches to energy generation 
Don’t assume complete electrification of surface transport is the silver bullet 
UK bio-economy strategy set alongside CAP reform, agriculture and land use 
Focus on early action, remain nimble and be open to new thinking
Grasp the significant wider opportunities that come from decarbonisation
Consider innovative, private-sector as well as fiscal and monetary policy to
finance the low carbon transition 

14
14

REFERENCES

16

14
14
14
15
15
15
15
15
15
16

Glossary of key terms
ADE		

Association for Decentralised Energy

BECCS		

Bioenergy with Carbon Capture and Storage

BEIS		

Department for Business, Energy and Industrial Strategy

CAT 		

Centre for Alternative Technology

CCC 		

Committee on Climate Change

CCS		

Carbon Capture and Storage

CHP		

Combined Heat and Power

CIE-MAP

Centre for Industrial Energy, Materials and Products

CMA		

Competition and Markets Authority

CO2 		

Carbon Dioxide

CO2e		

Carbon Dioxide Equivalent

DSO		

Distribution System Operator

EEA		

European Environment Agency

ESOS		

Energy Savings Opportunity Scheme

ESR		

Effort Sharing Regulation

ETI		

Energy Technologies Institute

ETS		

Emissions Trading Scheme

F-gases		

Fluorinated gases (such as hydrofluorocarbons)

FiT		

feed-in tariffs

FSB		

Financial Stability Board

GHG 		

greenhouse gases (CO2, methane, nitrous oxide etc.)

GHGAP		

Greenhouse Gas Action Plan

GIB		

Green Investment Bank

GSA		

General Services Administration

GW		

Gigawatt

IEA		

International Energy Agency

ILUC		

Indirect Land Use Change

INDC		

Intended Nationally Determined Contributions

LULUCF

Land Use, Land Use Change and Forestry

Mt		

Megatonnes

MtCO2e

Megatonnes carbon dioxide equivalent

NEP		

National Energy Program

NIC		

National Infrastructure Commission

NIDP 		

National Infrastructure Delivery Plan

PiP		

Pensions Infrastructure Platform

PV		

Photovoltaic

RAP		

Regulatory Assistance Project

REP		

Regional Electricity Partnerships

RTP		

Realising Transition Pathways

TPI		

Transition Pathway Initiative

TCFD		

Task Force on Financial-related Disclosures

TWh		

Terawatt hours

ZCB		

Zero Carbon Britain

Summary Report
STRONGER LONG-TERM TARGETS AND SHORT-TERM ACTION
The current UK policy of 80% emissions cuts, on 1990 levels, by 2050, while ambitious and
enshrined in law by the Climate Change Act (2008), is not in line with the aims of the 2015 Paris
Agreement, which requires developed countries to move as quickly as possible towards negative
emissions. As such, the current UK target should actually be to reduce the UK’s current emissions
to net negative. The UK is a party to the Paris Agreement in its own right, but has submitted a joint
decarbonisation plan (Nationally Determined Contribution) through its current membership of
the EU. The Paris Agreement’s central aim is to “strengthen the global response to the threat of
climate change by keeping average global temperature rises this century to well below 2 degrees
Celsius above pre-industrial levels and to pursue efforts to limit the temperature increase even
further, to 1.5 degrees Celsius”. In 2018 the Intergovernmental Panel on Climate Change (IPCC) will
publish its assessment of the global “emissions budgets” remaining to meet the Paris Agreement’s
ambition to work towards holding average warming to below 1.5 degrees. The findings are widely
expected to be arresting in their stringency and are likely to prompt global calls for more urgent
action in the coming years. In 2017, an analysis of IPCC figures by Carbon Brief estimated that a
mere four additional years of current global greenhouse gas (GHG) emissions could be enough
to “blow what’s left of the carbon budget for a good chance of keeping global temperature rise to
1.5C”1. Globally, we have seen the third consecutive year of stalling emissions growth, suggesting
that global emissions may have peaked at around 40 billion tonnes in 2016 (including net emissions
from land use change). Across the whole world, the 2020s will, therefore, be a crucial decade in
ensuring the world rises to the challenge of climate change.
In order to live up to its share of the responsibility to act, the UK must set more ambitious targets
in line with the Paris Agreement and – importantly – provide much clearer policy direction to spur
the real economy changes we need. This finding was echoed in June 2017 by the government’s
own climate change advisory body, the Committee on Climate Change (CCC) which stated in its
2017 annual report that:
The UK’s transition to a resilient, low-carbon economy is in danger of being derailed by
a lack of Government action on climate change...[this] inaction is making it difficult for
businesses and the UK public to grasp the opportunities of the transition.2
In the same report, the CCC went on to say that:
UK emissions are about 42% lower than in 1990, around half way to the 2050 commitment
to reduce emissions by at least 80% on 1990 levels. As emissions have fallen since 1990,
GDP has increased by more than 65%...However, progress is stalling. Since 2012, emissions
reductions have been largely confined to the power sector, whilst emissions from transport and
the UK’s building stock are rising [emphasis added].3
These very recent statements from the CCC underline the importance both for more ambitious
long-term targets and for immediate policy action to ensure that UK emissions begin to fall rapidly
in the 2020s.

HIGHER TARGETS: 80% EMISSIONS CUTS BY 2040-45, 93% CUTS BY 2050
This review draws heavily on CCC work, in particular their ‘max scenario’ for 2050. While the current
official UK target of an 80% reduction in emissions (on 1990 levels) by 2050 is challenging, it should
be feasible to bring this target forward to 2040-2045 to align with the Paris Agreement. This would
then put the UK on track to very nearly meet the Liberal Democrat goal of “a Zero carbon Britain”
by 2050, delivering a 93% cut. Accordingly, much of the pathway and associated action to net zero
(and beyond that to net negative) is feasible given current technology. Significant innovation can
reasonably be expected to yield solutions in the 2020s and 2030s to the emissions that remain.
The UK is fortunate to have both a legal framework (in the Climate Change Act) and robust scientific
support (exemplified by the work of the CCC) that allow identification of practical scenarios and
actions that are informed by the requirements of public expenditure. Of course, there are many
uncertainties in all areas of this endeavour and scenarios should not be treated as predictions.
Throughout this report, we emphasize the benefits of early action, while retaining the flexibility
to pursue a range of options. Should progress not be sufficient in the 2020s, more radical future
action, implying greater cost and/or changes to lifestyle, will be required to reach net zero. The
possibility of acquiring carbon credits in the international market will remain an option, of course,
albeit one we would only advocate following robust domestic reduction action.
The focus on bringing forward current official targets is in line with suggestions from the UNFCCC
itself that developed countries should bring forward their emissions reductions targets in order to
achieve the necessary global cuts. In this report, our assessment is based on current technology, in
the expectation that research and development will eventually provide us with answers to difficult
challenges, such as the use of fossil fuels in certain industrial processes and aviation. We say more
below about how to achieve the additional 7% cuts which would put the UK on a path to 100%
emissions reductions (on 1990 levels) by 2050.
Consistent with the principle that the UK should actually be looking to achieve net negative
emissions by 2050, we strongly recommend the inclusion of all relevant carbon sinks and sources
in the assessment of real emissions, especially those currently unaccounted emissions coming
from UK peatland.
As set out below, our modification to the CCC’s most ambitious emissions-abatement scenario for
2050 (the CCC max scenario), provides an additional 8 MtCO2e worth of emissions cuts to UK annual
emissions by 2050. However, this cannot be achieved without additional emissions abatement from
carbon removal/negative emissions, as we set out in a dedicated section in chapter five.

THE URGENT NEED FOR CARBON REMOVAL/NEGATIVE EMISSIONS
It is unrealistic to think that all activity in the UK can be made GHG-emissions-free, and it is certainly
economically undesirable to consider moving high carbon activities to other countries, not least
because many operate to lower environmental standards than the UK. This means that to achieve
net-zero emissions by mid-century, there is a need for considerable carbon removal (also known
as ‘negative emissions’) to complement the decarbonisation effort. Our review has found a striking
degree of consensus that investment in Carbon Capture and Storage (CCS) in some form is also
essential. This view is reinforced by the recent report from the House of Commons Public Accounts
Committee which is strongly critical of the cancellation of CCS investment support in the UK4.

A PORTFOLIO APPROACH
The 2020s are likely to be a decade of fast and comprehensive technological development in low
carbon technologies of all kinds. As we do not yet know which ones will develop into the most
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economically viable options at scale, we recommend backing a portfolio of technologies to avoid
any kind of technological lock-in.
Moreover, full account should be taken of the co-benefits of all options; from jobs to exports, to
health, to natural capital, to quality of life.

DIFFICULT DECISIONS FOR THE 2020S
There are a number of potentially controversial decisions that the UK government will have to take
in order to set the trajectory for realistic and ambitious emissions cuts in the 2020s and beyond.
To avoid technology lock-in and stranded assets, these decisions are becoming urgent. We deal
with each of them in the core chapters of the report. They include:
 The role for and sources of bioenergy and bioenergy with CCS (BECCS)
zz Given the current debate around the degree to which bioenergy should be
considered a low carbon source of energy, we have included a low-biomass option
in our research
 The need to decarbonise the UK’s share of aviation and shipping
 The role of nuclear power in the UK and the prospects for new nuclear
 The role for any sort of fossil fuel generations (e.g. CCS fitted gas generation, and “the
hydrogen economy”) in the 2030 generation mix
 The role of effective financing in delivering a cost-effective low carbon transition and the
role for the UK financial services sector in providing exports in this area.
zz The role for private finance supported by public finance de-risking efforts
zz The urgent need to increase investment levels in energy efficiency while maintaining
growth in investment levels for low carbon power, heat and transport
 The need to decarbonise UK industry without incentivising offshoring, or “carbon leakage”
 The role of lifestyle changes and reforms to public services which can deliver carbon
emissions savings through reductions in demand
 The role of public procurement and standards in incentivising economy-wide
decarbonisation
 The UK’s relationship with the EU after Brexit, particularly its interaction with post-2020
EU climate policies such as the next phase of the EU Emissions Trading Scheme, the Effort
Sharing Regulation and the numerous regulations contained in the European Commission’s
Clean Energy for all Europeans package (2016)

CURRENT DECARBONISATION PATHWAYS IN THE UK
This section explores the CCC scenarios for 2030 and 2050 and goes on to set out a feasible
scenario (based on current technology) drawing on ‘CCC Max’ (which it describes as ‘feasible’). We
uprate the CCC Max scenario using more up-to-date bioenergy with CCS (BECCS) data, along with
a scenario for further emissions savings from resource-efficiency in businesses.
Our ‘Modified Max Scenario’ leaves a small amount of CO2 by 2050, but at 93% GHG reduction,
does align with the Paris Agreement’s 1.5 degree aims. Pathways that aim for 1.5C imply the
need for a UK GHG reduction of at least 86-96% below 1990 levels by 2050. This is reflected in our
scenario. We also set out how the residual, 7% of emissions, can be addressed, putting the UK on
a path to a 100% cut on 1990 emissions levels and beyond, to becoming a net-negative emitter.
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UK emissions, CCC carbon budgets and targets under the Climate Change Act
Current net UK GHG emissions are around 466 MtCO2e. The decline of around one third since
1990 can be largely attributed to the decrease in the use of coal in UK power stations as well as in
greater energy efficiency across the economy.
Through the Climate Change Act (2008), the government has committed to:
 “Reducing emissions by at least 80% of 1990 levels by 2050”
 “Contributing to global emissions reductions, to limit global temperature rise to as little as
possible above 2°C.” [This needs to be amended to reflect the aims of the Paris Agreement, as
the EU is doing with its own 2030 emissions targets].
To meet these targets, the government has set five-yearly carbon budgets which currently run until
2032. They restrict the amount of greenhouse gas the UK can legally emit in a five-year period. The
UK is currently in the second carbon budget period (2013 to 2017).
CARBON BUDGET

REDUCTION BELOW 1990 LEVELS

1rt carbon budget (2008 to 2012)

3,018 Mtco2e

25%

2nd carbon budget (2013 to 2017)
3rd carbon budget (2018 to 2022)
4th carbon budget (2023 to 2027)
5th carbon budget (2028 to 2032)

2,782 Mtco2e
2,544 Mtco2e
1,950 Mtco2e
1,725 Mtco2e

31%
37% by 2020
51% by 2025
57% by 2030

rbon The EU’s current proposal for 2030 is to reduce total EU emissions by 40% on 1990 levels, so
the UK’s 2028-2030 emissions target is currently more ambitious (and Paris-compatible).
The CCC scenarios indicate that (to meet the statutory 80% reduction in 2050) net emissions in
2030 should be around 350 MtCO2e and 100-150 MtCO2e in 2050. The figures below are all taken
from the CCC’s most recent (June 2017) report to parliament on meeting the carbon budgets5.
Figure 1: 1990-2016 UK emissions versus GDP
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Figure 2: Sources of and trends in current UK GHG emissions (MtCO 2e )

Figure 3 – Screengrab showing CCC pathway to 2050
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WHEN SHOULD GLOBAL EMISSIONS FALL TO NET-ZERO?
The Paris Agreement has prompted research into global “carbon budgets” and the timeframes
compatible with its global average temperature targets. To hold warming to below 1.5 degrees,
the following actions are needed6:
 Global energy and industry emissions to reach zero by around 2050
 Total global GHG emissions to reach zero before 2080
 Total global GHG emissions by 2050 are 80% below 1990 levels
For limiting warming to below 2°C with a likely (greater than 66%) chance the following actions are
needed:
 Global energy and industry CO2 emissions to reach zero around 20657
 Total global GHG to reach zero by 2100
 Global GHG emissions by 2050 are 40% below 1990 levels

ALIGNING UK TARGETS WITH THE PARIS AGREEMENT
The CCC notes that ‘while relatively ambitious, the UK’s current emissions targets are not aimed at
limiting global temperatures to as low a level as in the [Paris] Agreement, nor do they stretch as far
into the future’. ‘Reaching net zero (and possibly net negative) emissions will require technologies
to remove greenhouse gases from the atmosphere. The UK should, therefore, pursue a strategy to
develop options in both hard-to-treat sectors and in greenhouse gas removals, domestically and
in collaboration with wider global efforts’.
Furthermore, models identifying pathways arising out of the Paris Agreement generally assume
global net CO2 emissions become net negative later in the century (through removal of CO2) and
that total emissions of greenhouse gases (CO2 plus non-CO2 emissions) fall to net zero before
2100. For the objectives set out by the Paris Agreement to be achieved, global net CO2 emissions
should reach zero in the 2040s, with net zero emissions for all greenhouse gases somewhere
between the 2060s to 2080s. As noted above, the IPCC will provide an update on the global
carbon budgets needed to achieve the 1.5 degree aim in 2018. They are expected to be even more
stringent than those indicted by current modelling.
Using a similar rationale to that underpinning the current 2050 targets set out in the Climate
Change Act, which is that the UK would need to reach net zero emissions no later than the
rest of the world, pathways that aim for 1.5 degree-compatibility would imply the need for
a UK GHG reduction of at least 86-96% below 1990 levels by 2050, which is what our modified
and updated scenario envisages.
Two CCC reports form the foundation for both the data and related information used subsequently
in our discussion of UK emissions pathways to 2050:
 ‘Sectoral scenarios for the Fifth Carbon Budget’, Technical report (November 2015)8
and
 ‘UK climate action following the Paris Agreement’ (October 2016)9.
Our report acknowledges the CCC as the UK Government’s advisers and the report’s principal
source of information, whilst accepting that much can be learnt from consideration of other work
in the UK and internationally.
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THREE CCC SCENARIOS: 1) ‘CENTRAL’, 2) ‘BARRIERS’, 3) ‘MAX’
The CCC has developed a set of scenarios for UK emissions reductions based on a sector-bysector analysis. The ‘Central scenario’ represents their best assessment of the technologies and
behaviours required to meet the 2050 target, with the ‘Barriers option’ reflecting unfavourable
conditions for key measures. The ‘Max scenario’ represents ‘higher, but still feasible, deployment
of key measures’. It is to be emphasised that these are scenarios and not predictions for emissionreduction pathways.
The implementation of measures set out in the CCC’s fifth carbon budget “Max scenarios” would
lead to net UK emissions of around 64MtCO2e/year in 2050 (i.e. 92% below 1990 levels of emissions).
This includes the UK share of international aviation and shipping. This would represent a 66%
reduction by 2030 and 92% reduction by 2050.
The CCC Max scenario aligns well with the Liberal Democrats’ low carbon policy, as well as the
ambition of the Paris Agreement. It is, nonetheless, important to recognise that the realisation,
even of the Central scenario, poses significant challenges which are only heightened by pursuing
the Max scenario, reflecting a reduced degree of flexibility in how the target is met. In the Max
scenario, everything must ‘go to plan’.

Big implications for the UK power sector by 2030
Under any of the feasible scenarios perhaps the greatest impact by 2030 will be visible in the
power sector, with emissions from power generation needing to fall below 100gCO2e/kWh in 2030.
This would mean that at least 75% of power generation in the UK would need to come from low
or zero carbon sources. The current figure is around 20% on average, although this has risen to as
high as 50% on certain days of the year10.
If this level of carbon intensity is to be achieved by 2030, the importance of attracting even higher
levels of investment in the 2020s cannot be overstated. There is a pressing need to replace retiring
coal and nuclear generation and to meet increasing demand for electricity. The CCC states that ‘the
2020s are therefore a crucial decade for the future of the power sector.’ They note that low carbon
options are likely to be cost competitive and recommend a portfolio approach to generation.
Sustainable biomass, tidal lagoons and nuclear (as well as onshore wind and solar) are seen as
mature options for a portfolio approach with CCS and offshore wind as ‘less mature’, requiring
extra support beyond 2020.
Figure 4 – Screengrab of CCC 2030 scenarios

SUMMARY REPORT 7

We examine the 2030 and 2050 implications for the power sector in much greater detail in the
next chapter. However, it should be noted that the CCC concludes that a deeply decarbonised UK
power system in 2030, with high levels of intermittent renewables (c.40% of total generation), is
possible while maintaining security of supply. Managing this transition at lowest cost will involve
investment in flexible gas-fired generation capacity alongside the expansion of international
interconnection, demand response and electricity storage.
The CCC views the key to achieving the necessary power-sector investment in the 2020s as being
long-term contracts supported by competitive auctions. This would include confirming low carbon
generation funding to at least 2025.
They recommended setting out an approach to commercializing CCS through up to four clusters
and working with Ofgem and National Grid to ensure the full benefits of demand response,
interconnection and storage are realised.
It is possible that there will be a small future role for fossil fuel generation in 2030. Modelling from
Imperial College London11 indicated that coal is likely to disappear completely from the generation
mix (in line with the UK’s coal phase-out ambitions), but gas (potentially fitted with CCS) could
still play a role in meeting peak demand. Given the need to use the capacity only rarely, means
associated emissions need not jeopardise decarbonisation.
As discussed below, the CCC has identified a range of scenarios with different 2030 generation
mixes and demand levels that could still be consistent with 2050 pathways. In a high renewables
scenario, renewables contribute 61% of generation (compared to around 45% in other scenarios). It
is also possible to use CCC data to construct, for example, a ‘no new nuclear’ scenario that increases
offshore wind, tidal energy and solar power to meet the 100g/kWh target. However, as noted above,
we recommend keeping options open, particularly in a time of rapid technological change.

OUR MODIFICATIONS TO THE CCC ‘MAX’ SCENARIO
The CCC Max scenario envisages UK emissions to be 66% below 1990 levels by 2030 and just over
90% by 2050 – which is compatible with the specified range of a 1.5C target. Including the UK share
of aviation and shipping would result in net economy wide emissions of 64MtCO2e/year in 2050
(92% below 1990 levels).
Figure 5 – CCC Max Scenario: annual emissions per sector
(including carbon sinks) by 2050
SOURCE/SINK
Power
75% decarbonized with peaks met by storage and hydrogen
Heating for Buildings
provided by heat pumps, heat networks, electric heating and gas:
Surface Transport
All cars and vans are electric. Buses and HGVs rely on hydrogen
and electricity
Industry
After wide-ranging electrification and deployment of CCS
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2016
MtCO2e

2050
MtCO2e

79

3

89

4

121

5

100

32

Agriculture and food (including non-CO2 GHG emissions)
based on diets shifting away from red meat and a ban on F gases
Peatland
Not currently included in UK accounting or CCC scenarios
Aviation and Shipping (UK Share)
LULUCF
NEGATIVE EMISSIONS from Land use, land-use change and forestry
(LULUCF) as well as measures including the creation of 30,000 ha/
year of UK woodland and agroforestry
BECCS
NEGATIVE EMISSIONS: 50 Twh/year of bio-energy and Carbon
Capture and Storage (BECCS), based on UK domestic production
and UK share of sustainable global bioenergy
Wood in construction
NEGATIVE EMISSIONS
Total:

84 (2015)

47

N/A

0

N/A

40

-7

-16

N/A

-47

N/A

-4

c.466

64

It is clear, then, that even with very significant emissions reductions, substantial emissions remain:
principally in industry and agriculture. The high role envisaged for carbon recovery/negative
emissions is also stark.
The CCC Max scenario forms the basis of our modified scenarios. These include some relatively
small adjustments that have been made to the budget in the context of recent developments. It
is our view that the inclusion of related emissions is both good accounting practice and a prompt
for timely UK action. Furthermore, we draw on recent work12 that points to a greater sequestration
potential for technologies associated with BECCS (see chapter five for further detail). A third
scenario, meanwhile, draws on the recent study from the UK’s Department for Business, Energy and
Industrial Strategy (BEIS) study into biomass potential13. These changes are considered along with
a more significant role for industry in delivering reductions. Our modified max scenario results in
net 2050 emissions of 56MtCO2e rather than the CCC figure of 64MtCO2e.

Including Peatland in carbon accounting
Peatland is currently a significant source of UK GHG emissions that is not included in the UK’s
figures. It is believed that UK peatlands current emit around 21 MtCO2e per year14. The CCC have
acknowledged that degraded peatlands risk significant carbon emissions and support the House
of Commons Environmental Audit Committee’s recommendations for peatland to be included in
the UK’s carbon inventory by 201815. The Soil Association has called for special protection areas
in the Fens which included provision for an 80% GHG reduction target16. A UK peatland strategy
covering both upland and lowland peat might therefore adopt a reduction target in the region
of 75%, meaning that emissions in 2050 would be reduced to 5 MtCO2e. This estimate should of
course be updated as better data becomes available.

Additional negative emissions from bioenergy with CCS (BECCS): a controversial
debate
The CCC scenarios for BECCS are derived from a 2011 bioenergy review. However, more recent
modelling work from the Energy Technologies Institute17 has indicated that bioenergy in the UK
could deliver 130TWh annually along with carbon recovery/negative emissions of around -55
MtCO2e (an allowance for supply chain emissions is built into this estimate) which compares to the
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-47 MtCO2e that the CCC uses for its 2050 Max scenario. On the other hand, there is developing
evidence of the amount of the genuinely sustainable (i.e. low carbon) bioenergy the UK could rely
on in the world market. The evidence is currently suggesting that this figure could be considerably
lower than previously thought, as we discuss in chapter five.

Additional emissions savings from resource efficiency across businesses (circular
economy practices)
A recent study from the Centre for Industrial Energy, Materials and Products (CIE MAP)18 found that
further efforts by business in the areas of resource efficiency could lead to significant additional
carbon savings. Annual savings of around 5 MtCO2e should be achievable across the economy by
extending the scope beyond the six business sectors studied. We therefore adjust the industry
2050 max contribution by that amount in our “modified max” scenario, based on the understanding
that there will be efforts by business across many sectors to reduce material inputs and increase
product life etc.
Figure 6 – Our “Modified Max” scenario: annual emissions per sector in 2050
SOURCE/SINK
Power
Heat in Buildings
Surface Transport
Industry*
Non-CO2
Peatland*
Aviation and Shipping
LULUCF
Carbon recovery & BECCS*
Wood in construction
Total:
* Modification to CCC max scenario +/- presented in
parentheses

MtCO2e
3
4
5
27 (-5)
47
5 (+5)
40
-16
-55 (-8)
-4
56 (-8)

As shown in the table above, plugging in these additional savings to the CCC’s 2050 Max scenario
results in net UK annual emissions of 56 MtCO2e, representing a reduction of around 93% on
the UK’s emissions levels in 1990 (using a baseline of 823 MtCO2e plus an extra 21 MtCO2e for
peatland). Net-zero emissions are not currently feasible without significant carbon removal/
negative emissions.
It is important to acknowledge that these scenarios are not predictions and are subject to high
levels of uncertainty. Furthermore, they take no account of major technological breakthroughs.
Nonetheless, a UK Zero Carbon Britain target aligning with the Paris Agreement does not appear
feasible at this moment without significant contributions from carbon removal/negative
emissions. With regard, specifically, to BECCS, it should be noted that the CCC projections only
show BECCS making significant contributions to emissions reductions after 2035 and so BECCS
is less relevant to the early reduction pathways. Of course, there is still the need to develop
technologies in the 2020s if they are to be ready for full-scale deployment by 2030.
The negative emissions, which could be delivered in conjunction with BECCS, are clearly very
significant in achieving 2050 net zero targets utilising either CCC data and/or ETI research. So a
recent update19 to BEIS’s estimates of UK biomass availability needs to be considered carefully
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in scenario construction. As mentioned above, the BEIS study shows that there could be large
reductions (of around 80%) in the availability of biomass for BECCS. Utilising the Modified Max
scenario described above while reflecting an 80% reduction in the negative emissions associated
with BECCS to 11 MtCO2e results in total 2050 GHG emissions of 102 MtCO2e and CO2 emissions
of 55MtCO2e20.
These three scenarios (“CCC Max”, “Modified Max “and “Modified Max Low Carbon Removal”) are
presented together in figure 7. That figure illustrates starkly that, while a 2050 zero carbon target
(for CO2) could be feasible based on slightly modified CCC scenarios, the restricted contribution
from carbon removal/negative emissions would mean that net zero would not be achievable. A
question for further research would be the degree to which increased carbon removal technologies
are economic in the absence of BECCS and the degree to which a low carbon power sector (post2035) would be able to do without BECCS as a source of flexible, low carbon power.
Figure 7: 2050 emissions levels MtCO 2e :
(CCC Max, Modified Max and “Modified Max Low carbon removal”)

From a 93% emissions reduction to 100%, by 2050
This report is based on pathway scenarios that are themselves based on current levels of
technological feasibility and observed trends in behaviour and demand patterns. For example, we
do not include scenarios based on a wholesale shift of diets away from meat consumption and
we – as well as the CCC – do take into account expected rises in demand for aviation and shipping
in the decades to come. This is part of the reason why our chapter on transport highlights that the
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electrification of surface transport in the UK is no “silver bullet” for decarbonising UK transport in
line with the aims of the Paris Agreement. Finally, it is to be emphasised that the aim of the Paris
Agreement is for developed countries to get as near as possible to net negative emissions as fast
as possible, so the pace of decarbonisation is very important. This is the significance of bringing
forward the UK’s current official targets.
Provided the UK is able to deliver the substantial carbon recovery/negative emissions included
in our “modified max scenario”, it will be on a path to compliance with the Paris Agreement.
Nonetheless, this would still leave a small residual amount of emissions – representing only 7% of
1990 emissions by 2050. There is reason to be optimistic that if our CCC “modified max” scenario
can indeed be achieved, as we believe it can be, it will be overshot by a degree that will in reality
deliver a full 100% cut on 1990 emissions in the UK by 2050. The reasons for this are as follows:
Technological innovation in the 2020s and 2030s. We fully expect technological innovation to fill
the remaining gap in emissions mitigation by 2050 and allow for the UK, if pursuing an ambitious
enough emissions reduction pathway, to reduce its 1990-level emissions by 100%, to net-zero and
beyond. It is highly likely that the investment and R&D going into clean tech will trigger unforeseen
technological innovation in a huge range of technologies, from electric vehicles to electricity
storage and demand response – but also in several, difficult to mitigate, industrial and agricultural
emissions. If the UK takes up the challenge of developing a genuinely low carbon industrial
strategy, along with the requisite investment in skills and R&D (as we outline in chapter 4), British
companies could benefit from a vast array of export opportunities in low carbon technology and
expertise, as well as its expertise in green finance.
Lifestyle changes. An important component of the technological change we expect in the 2020s
and 2030s will come in the ICT sector – broadly defined – and this will enable further savings in
carbon emissions through lifestyle changes such as e-health, e-learning and additional e-working,
which could radically arrest or even reverse the expected growth in demand for transport and
aviation especially. For example, a 2015 report from the Global eSustainability Initiative (GeSI)21
found that rolling out six ICT-enabled solutions across the economy (smart grids; optimised traffic
control; e-working; e-commerce; smart agriculture and smart buildings), could save the UK a huge
0.18 Gt CO2e per year by 2030.
International carbon offsets. To cope with any remaining, very difficult to reduce emissions,
there is also the option of buying high-quality carbon offsets from the international market that is
coming in to replace the Clean Development Mechanism under the Paris rulebook. Although this
should be seen as a last resort, carbon offsets will still be a viable source of income for developing
world projects and so are not to be ignored as an option once all domestic decarbonisation options
have been exhausted.

RESPONDING TO THE PARIS AGREEMENT’S 1.5 DEGREE AMBITION
This leaves us with the challenge of an appropriate response to the Paris Agreement. In their
assessment of the consequences of the Paris Agreement for the UK, the CCC22 indicate that ‘the
priority for now should be robust near-term action to close the gap to existing targets and open
up options to reach net zero emissions’. They also describe further action (above the 2 degree
pathway already in place) to meet a 1.5 degree target. These actions include greater and earlier
CO2 emissions reductions (as opposed to other GHGs), primarily from the power sector. There
would also be deeper emissions reductions before 2030 in which energy efficiency plays a ‘crucial’
role. A recent UCL paper23 also explicitly addresses the post-Paris UK response, recommending
earlier action on emissions reduction.
This greater focus on early action aligns with the CCC Max scenario (and our amended version)
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and leads to lower emission levels at both 2050 and earlier. Applying the logic of early action, it
seems appropriate to set an earlier date for achievement of the 80% current target, moving
it forward to the 2040-2045 timescale. Applying the linear reduction pathway used by the CCC
(shown in figure 3) also indicates an earlier adoption date for the 80% target.
As already noted, as a final option within a traditional carbon hierarchy, there always remains the
possibility of purchasing international credits provided ‘additionality’ challenges can be overcome.
But this should be pursued only after all other options have been delivered.

Relevant comparisons: three EU member states
Sweden brings forward key 2050 target to 2045
The Swedish Climate Minister has recently pledged to bring the country’s long-term climate target
forward from the current 2050 deadline saying, ‘2045 is a good year...I personally believe we could
get there even earlier.’ The initiative – moving from 2050 to 2045 with a minimum of 85% reduction
against 1990 emissions (and offsets to cover the remainder) – was reported by Business Green
as a ‘significant step change for the country’. It noted that ‘… setting the long-term target was the
easy bit – the committee is now tasked with laying out exactly how it will be met, including which
intermediate targets should be set, how the cuts should be distributed between Sweden’s various
sectors, and how to integrate the goals into government policy and ensure efforts to meet them
are properly funded.’
Germany’s ambitions under the Energiewende
The key emissions-reduction ambition of the Energiewende is to reduce GHG emissions by 80-95%
by 2050 (again on a 1990 baseline).
Following the Paris Agreement, the German Federal Government adopted a ‘Climate Action
Plan, 2050’ which describes an emissions reduction pathway against the 2050 target of 80-95%
lower greenhouse gas emissions. Key areas for action are energy, buildings, transport, trade and
industry, agriculture and forestry. The long-term target based on the guiding principle of “extensive
greenhouse gas neutrality in Germany by 2050” is complemented by individual sector targets up
to 2030. These include a 50% reduction target for industry, 67% in buildings, 41% in transport and
33% in agriculture.
France’s <<Loi de la transition énergétique pour la croissance verte>>
The French ‘Energy Transition for Green Growth’ legislation was enacted in 2015 with medium and
long-term objectives for energy production and consumption that involve increasing the share of
renewables, reducing energy consumption and taxing emissions. The legislation, which is set to
continue being enacted under the Macron presidency, includes the headline ambition to reduce
GHG emissions by 40% by 2030 and 75% by 2050 (from a 1990 baseline). The Act also introduces
multi-year energy plans that set sector and region-specific objectives. Following a first plan that
will run until 2018, subsequent plans will run on a five-year basis.
It is to be noted, therefore, that our “modified max scenario” (at 93% GHG reduction) not only
aligns with 1.5C aims of the Paris Agreement but is also at the upper end of German ambitions
– which give a broad spread of 80-95% emissions abatement on 1990 level (which the German
Federal government terms ‘climate neutral’).
If we then make the reasonable assumption that the world will see significant technological
innovation in a range of low carbon technologies it is perfectly acceptable to suggest that the
additional 7% of 1990-level emissions remaining by 2050 under our favoured scenario, “CCC
modified max”, would in fact be wiped out.
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To be clear, a 93% cut on 1990 emissions levels is feasible under current technological horizons
(provided the UK develops enough capacity for carbon recovery). This would bring the UK into
line with its obligations under the Paris Agreement. We expect the residual 7% of emissions
(on 1990 levels) to be achieved via low carbon technological innovation in the 2020s and
2030s. This would bring the UK onto a net-zero emissions footing (or beyond) by 2050. If
enacted into law, this plan would, probably, make the UK the most ambitious country in
Europe on GHG mitigation ambitions to 2050, surpassing even Germany.

KEY POLICY IMPLICATIONS
CCS – support programmes
There is an overwhelming consensus that Carbon Capture and Storage will need to be used in
some form for the UK to have any chance of meeting its 2050 decarbonisation goals. It will support
certain industrial sectors and hydrogen uptake as well as, potentially, enable Bioenergy with CCS
(BECCS). Investment and development of CCS, therefore, needs to be supported now and in the
2020s for it to be deployed at scale in the 2030s. It is important to note that industrial CCS cannot
substitute for genuine low carbon innovation in industrial materials but, as noted above, there
will still be residual emissions from industry even in 2050. We therefore recommend the Liberal
Democrats consider supporting a CCS programme in some form. The CCS cluster in Teesside will
be an important test case in UK and there are other plans for industrial clusters across Europe.

Invest heavily in Research & Development – especially in carbon removal/ negative
emissions but also in energy storage technology
Our review notes that there are a dozen or so technologies (including CCS) which could create
negative emissions by 2050 and that investing significantly now in R&D for these technologies will
create the conditions for one or more of them to succeed. There is also a very clear need for faster
progress on afforestation across the UK if the UK is to vastly augment its domestic carbon sinks in
line with the CCC’s pathways.
As our chapter on the power sector details, the importance of energy storage technologies suggests
that these technologies should receive special support in the near term, particularly as they are
expected to be cost competitive relatively soon. Action is essential now to improve the UK’s capacity
for effective clean energy storage. Additional support for rapid R&D and deployment of battery
storage, as well as other kinds of pumped storage, will be necessary in the 2020s in order to support
much greater grid flexibility and the integration of intermittent renewable energy sources.

Ensure current action on transport aligns with long term goals
The current concerns around urban air quality and health (and the associated issue of diesel engine
emissions testing) are important factors in near-term transport policy. While many policy actions,
such as the encouragement of low-emission vehicles, will address both health and decarbonisation
issues, any proposed policy should be assessed against near-term and longer-term goals.

Further Nuclear may not be the best option
The review recognises that while it is a mature technology and should be considered along with
other generation options, there are legitimate concerns around the cost of nuclear and its ability
to deliver projected capacity, while addressing technical and safety challenges. Part of a portfolio
approach to the generation mix should include assessing the non-delivery risk of nuclear power
compared to alternatives such as combined tidal and offshore wind, whilst recognising that account
must be taken of the need to address supply intermittency issues with the associated technologies.
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As we know, three issues need to be viewed together when looking at energy options: security of
supply, GHG emissions and cost. Nuclear power should be kept open as an option – but there is
a risk that it may not be able to keep the lights on and that it may not be the lowest cost option.

Energy efficiency is the ‘first fuel’
Efforts to achieve energy efficiency are an early priority and have already been clearly set out by
the Liberal Democrats. A comprehensive plan to implement energy efficiency, particularly in UK
buildings, needs to be initiated urgently. Beyond the health benefits and lower energy bills for
consumers, the evidence shows that a comprehensive energy efficiency programme would make
a significant difference to emissions. To minimise its cost and maximise its benefit, it needs to
begin in the near-term – an immediate focus.

Look at more regionalised approaches to energy generation
A lot of research points to the benefits of looking at increasingly regionalised energy generation for
the UK. This could offer multiple benefits in terms of creating new economies, skills and stimulating
competition and growth, as well as helping to pilot new technologies and tailored solutions for local
areas. This could, for example, support the development of hydrogen infrastructure – another key
technology in the zero-carbon portfolio. Within this context, reviewing the current energy system
governance is a critical factor (both in terms of electricity markets but also markets for heating),
and future regulation should fully support localised energy solutions.

Don’t assume complete electrification of surface transport is the silver bullet
Complete electrification of surface transport (transport by road and rail) is not a ‘silver bullet’. Use
of hydrogen and sustainable biofuels, in addition to conventional technology developments and
demand related measures, should also be key considerations for the future – sustainable biofuel
may also be considered for the aviation sector. Furthermore, measures that increase electricity
demand or change its profile, need to be considered along with overall energy system governance.

UK bio-economy strategy set alongside CAP reform, agriculture and land use
It is important to develop a genuinely sustainable bio-economy strategy for the UK that draws
together the carbon, food, fuel and water nexus, alongside positive environmental reforms to
agricultural policy (which are also highlighted by possible Brexit scenarios). This would also serve to
illustrate the multiple connections, and potential social, environmental and economic co-benefits,
from joined-up action across differing policy spheres. This approach also reflects the desirability
of including relevant emissions such as those from peatland within the UK inventory.

Focus on early action, remain nimble and be open to new thinking
Acting early will reduce costs and entrench progress, however switching or adapting to new or
emergent technologies as they develop – “being nimble” – will also be important in a successful
(cost effective) zero carbon strategy, as we cannot realistically foresee what the successful
emerging and radical technologies in twenty or thirty years’ time will be.

Grasp the significant wider opportunities that come from decarbonisation
Much discussion on decarbonisation focuses on the challenges and costs incurred, however it
is clear that there are also significant benefits beyond dealing with climate change impacts. The
low carbon transition places UK business – including financial services firms – in a good position
to take advantage of growing global markets, and there are also potential wider benefits in areas
such as health, mobility and wellbeing.
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Consider innovative, private-sector as well as fiscal and monetary policy to finance the
low carbon transition
As we set out in appendix 1, below, now is a crucial time to ensure the finance sector is able to deliver
the huge amount of capital needed for the transition. There are also important opportunities for
the UK financial sector when it comes to the increased focus on risk and disclosure. Added to this
could be the imperative for a greater level of public sector funding, either through fiscal policy for
investment or through some of the unorthodox tools being discussed in the financial literature at
the moment such as “Green Quantitative Easing” or “Green Helicopter Money”.
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