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The Committee

The Climate Change Committee (CCC) is an independent, statutory body established under the
Climate Change Act 2008. Our purpose is to advise the UK and devolved governments on
emissions targets and to report to Parliament on progress made in reducing greenhouse gas
emissions and preparing for and adapting to the impacts of climate change.

Members of the Committee include:

Professor Piers Forster, Interim Chair

Piers Forster is Director of the Priestley Centre for Climate Futures and Professor of
Physical Climate Change at the University of Leeds. He has played a significant
role authoring Intergovernmental Panel on Climate Change (IPCC) reports, and
was a coordinating lead author role for the IPCC's sixth assessment report.

Professor Keith Bell

Keith Bell is a co-Director of the UK Energy Research Centre (UKERC), a Chartered
Engineer and a Fellow of the Royal Society of Edinburgh. He has been at the
University of Strathclyde since 2005, was appointed to the Scottish Power Chair in
Smart Grids in 2013 and has been involved in energy system research in
collaboration with many academic and industrial partners.

Dr Steven Fries

Steven Fries is a Senior Associate Fellow at the Institute for New Economic Thinking
at the Oxford Martin School, University of Oxford, and Nonresident Senior Fellow at
the Peterson Institute for Infernational Economics. Steven has previously held roles
as group chief economist at Shell and chief economist at the Department of
Energy and Climate Change.

Professor Corrine Le Quéré FRS

Corinne Le Quéré is a Royal Society Research Professor at the University of East
Anglia (UEA), specialising in the interactions between climate change and the
carbon cycle. She was lead author of several assessment reports for the UN's
Intfergovernmental Panel on Climate Change (IPCC) and previously Chaired the
French Haut Conseil pour le Climat.

Professor Swenja Surminski

Swenja Surminski is Chair of the Munich Climate Insurance Initiative, Managing
Director Climate and Sustainability at Marsh McLennan and Professor in Practice at
the Grantham Research Institute at the London School of Economics (LSE). Her
work focuses on capacity building and knowledge transfer between science,
policy and industry, building on her work in industry and as advisor to governments,
private sector and civil society, including as Visiting Academic at the Bank of
England.

Nigel Topping CMG

Nigel Topping was appointed by the UK Prime Minister as UN Climate Change High
Level Champion for COP26. In this role Nigel mobilised global private sector and
local government to take bold action on climate change, launching the Race To
Zero and Race To Resilience campaigns and, with Mark Carney, the Glasgow
Financial Alliance for Net Zero.
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Executive summary

The climate is changing. Greenhouse gas levels in the atmosphere are outside the range that our
species has ever previously experienced. Heatwaves and floods have become regular fixtures
instead of ‘once in a lifetime’ events for many around the world, including in the UK. Global
warming has unequivocally been caused by greenhouse gas emissions, with 100% of the observed
long-term temperature change attributable to human causes.

The UK’s Climate Change Act (2008) sets the framework for domestic action to address climate
change mitigation and adaptation. The Act requires the Government to propose regular, legally
binding milestones on the way to achieving Net Zero greenhouse gas emissions, known as carbon
budgets. The Committee is required to advise the Government on the level of these. Parliament
must then agree each carbon budget for it to be set info law. Investors, businesses, households,
and government can then act with a shared understanding of the path as well as the end goal.

Our recommended level for the Seventh Carbon Budget, a limit on the UK’s greenhouse gas
emissions over the five-year period 2038 to 2042, is 535 MICO2¢, including emissions from
international aviation and shipping.

This would be an ambitious target, reflecting the importance of the task. But it is deliverable,
provided action is taken rapidly. Our advice is based on the latest technological, social, and
economic evidence; extensive sector modelling; engagement with stakeholders including
businesses, tfrade unions, and farmers; and a citizens’ panel testing what would make changes
accessible and affordable to households.

In many key areas, the best way forward is now clear. Electrification and low-carbon electricity
supply make up the largest share of emissions reductions in our pathway, 60% by 2040. Once the
market has locked into a decarbonisation solution, it needs to be delivered. The roll-out rates
required for the uptake of electric vehicles (EVs), heat pumps, and renewables are similar to those
previously achieved for mass-market roll-outs of mobile phones, refrigerators, and internet
connections.

The private sector has a proven record of innovating and delivering rapid fransitions in tfechnologies
and consumer choices, provided the right incentives are in place. As technologies such as
renewable electricity and EVs become cheaper than fossil fuel-based alternatives, global markets
for many of the technologies needed to decarbonise economies are growing.

Alongside markets, policy is needed to provide confidence to investors and consumers; manage
risks in new markets; remove barriers to delivery; and offer financial incentives where necessary.
Policy should include clear long-term signals and decisive choices to narrow options as it becomes
increasingly clear which technologies markets are locking into.

The UK must also step up actions to adapt to the climate change that is already happening. The
investments, infrastructure, and land use changes required to deliver the Seventh Carbon Budget
must be designed to be well-adapted to current and future climate change.

We estimate that the net costs of Net Zero will be around 0.2% of UK GDP per year on average in

our pathway, with investment upfront leading to net savings during the Seventh Carbon Budget
period. Much of this investment is expected to come from the private sector.
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Net Zero will increase economic security against fossil fuel price shocks, which have caused around
half of the UK's recessions since 1970. There are also opportunities for new jobs in areas such as heat
pump installation, and growing markets such as green finance. Clean, efficient, electric
technologies will mean reduced air pollution and should mean lower energy bills than continued
reliance on fossil fuel technologies.

Large parts of the UK's service-based economy will see little impact, but for some, for example in oil
and gas and some parts of farming, there will be significant change. Government needs to
engage with affected communities to develop proactive, funded plans to support those affected.

Targets support actions, but targets alone are not enough. This report therefore sets out our
recommendations for how to hit the proposed Seventh Carbon Budget. We set out a pathway,
and associated actions, and have considered economic and social factors to ensure our advice is
practical.

The UK'’s Balanced Pathway

The UK has committed to reach Net Zero greenhouse gas emissions by 2050, with any residual
greenhouse gas emissions balanced by removals. Our advice on the level of the Seventh Carbon
Budget is based on our Balanced Pathway: an emissions reduction pathway from 2025 to Net Zero
by 2050 (Figure 1). Our pathway is in line with all of the UK’s legislated carbon budgets and stated
Naftionally Determined Conftributions (NDCs). It achieves the recommended Seventh Carbon
Budget via domestic action, without resorting to international credits.

Figure 1 The recommended Seventh Carbon Budget «
200
©
o 800
Q
= /00
v
S 600
a
g 500
o
8 400
o
@
# 300
o
€ 200
[
&
O 100
CB1 CB2 CB3 CB4 CB5 CBé
0
1920 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Past carbon budgets sz |AS headroom
Active legislated carbon budgets mmm Recommended Seventh Carbon Budget
— UKNDC [+1AS) & Neflero
= Histotical emissions — Historical CB averages

Balanced Pathway

Description: The Balanced Pathway meets the UK's existing future emissions targetfs and sets the recommended level for the UK’s next
target: the Seventh Carbon Budget.

Source: Department for Energy Security and Net Zero (DESNZ) (2024) Provisional UK greenhouse gas emissions national statistics 2023;
DESNZ (2024) Final UK greenhouse gas emissions national statistics: 1990 to 2022; Climate Change Committee (CCC) analysis.

Notes: See Chapter 3. ‘CB’ refers to the UK's carbon budget. ‘CB1’ refers to the First Carbon Budget; subsequent numbers refer to
subsequent carbon budgets. ‘IAS’ refers to infernational aviation and shipping. ‘UK NDC'’ refers to the UK’s Nationally Determined
Contributions.
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Emissions in the UK in 2023 were around half the levels they were in 1990. The pace of emissions
reduction has more than doubled since the introduction of carbon budgets in 2008, driven by the
phase-out of coal and the ramp-up of renewable electricity generation. By the middle of the
Seventh Carbon Budget, on our pathway, emissions in the UK will be only a quarter of the level they
are today, and 87% lower than levels in 1990 (?0% lower excluding emissions from international
aviation and shipping). Achieving this will require a significant reduction in emissions across sectors
including surface fransport, buildings, industry, and agriculture (Figure 2).

Figure 2 Distribution of emissions reductions during each «
carbon budget period
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Description: Over half of the emissions reduction to meet the first three carbon budgets came in the energy supply sectors. Looking
forward, the majority of reductions to meet future carbon budgets will need to come from other sectors. Around half of the reduction
during the Seventh Carbon Budget period will come from surface transport and buildings.

Source: CCC analysis.

Notes: See Chapter 3. ‘CBs’ refers to UK carbon budgets and ‘CB7’ refers to the Seventh Carbon Budget.

Five routes

The Seventh Carbon Budget is delivered through: electricity, low-carbon fuels and carbon capture
and storage (CCS), nature, engineered removals, and demand. Many of the solutions are
available today and could be rapidly deployed, provided the right incentives are put in place.
Other solutions, particularly within low-carbon fuels and engineered removals, are less certain and
industry and government should confinue fo pursue multiple options for now.

1. Electricity

UK-based renewable energy provides the bulk of generation in a larger, future electricity system.
Electricity then replaces oil and gas across most of the economy, including EVs, buildings, and
much of industry. This requires twice as much electricity as today by 2040. As well as being low
carbon, electric technologies are highly efficient. Ending the combustion of fossil fuels in boilers and
cars leads to cleaner air in homes and neighbourhoods.
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¢ Low-carbon supply: by 2040, our Balanced Pathway sees offshore wind grow six-fold from
15 GW of capacity in 2023 to 88 GW by 2040. Onshore wind capacity doubles to 32 GW by
2040 and solar capacity increases to 82 GW. Alongside renewables, storable forms of
energy including nuclear, low-carbon dispatchable generation (either gas CCS or
hydrogen), and batteries, as well as interconnection to neighbouring markets, ensure a
reliable supply of electricity even in adverse weather years. These fechnologies need to be
accompanied by rapidly expanding the transmission grid, upgrading the distribution
network, and speeding up the grid connection process.

e EVs: by 2040, our Balanced Pathway sees three-quarters of cars and vans and nearly two-
thirds of heavy goods vehicles (HGVs) on the road being electric, up from only 2.8% of cars
and 1.4% of vans in 2023. The share of new car and van sales that are electric grows
quickly, ahead of the zero-emission vehicle mandate, reaching around 95% by 2030 and
100% by 2035. This is propelled by the falling cost of batteries, which allows electric cars to
reach price parity with comparable petfrol and diesel cars between 2026 and 2028. Our
pathway assumes battery-electric vehicles are chosen to decarbonise all HGVs.

* Heat pumps: by 2040, our Balanced Pathway sees around half of homes in the UK heated
using a heat pump, compared to around 1% in 2023. This requires the annual rate of heat
pump installations in existing residential properties to rise from 60,000 in 2023 to nearly
450,000 by 2030 and around 1.5 million by 2035, a rate of increase in line with that seen in
other European countries such as Ireland and the Netherlands. But installation rates do not
exceed natural replacement cycles; heating systems are only replaced at the end of their
life. All new and replacement heating systems become low carbon after 2035 to ensure a
fully decarbonised housing stock by 2050.

¢ Industrial electrification: by 2040, our Balanced Pathway sees electricity meet 61% of
industrial energy demand, up from around 26% today. The major sources of heat in industry
are replaced with electric options including electric boilers, electric ovens, electric furnaces
in the glass sector, and, most significantly, electric heat pumps. Electrifying industry allows
UK manufacturers to benefit from global demand for low-carbon goods.

2. Low-carbon fuels and CCS

A range of low-carbon fuels contribute to the pathway in areas that are less suited to
electrification. While they are less efficient than electric technologies, these fuels play a key role in
aviation and shipping as well as some roles in industry. Low-carbon fuels are produced from a
range of sources, including hydrogen produced from electrolysis or by methane reformation with
CCS; synthetic fuels that use carbon captured from the atmosphere combined with hydrogen o
produce a low-carbon fuel with similar properties to today’s fossil fuels; and biofuels. Bioenergy
supply is constrained by the availability of sustainable sources, so is reserved for areas with the
highest carbon abatement potential. CCS allows continued use of fossil fuels in limited
circumstances, but plays a key role in capturing process emissions, as well as confributing to
electricity generation, hydrogen production, and engineered removals.

¢ Sustainable aviation fuel (SAF) and shipping fuels: by 2040, our Balanced Pathway sees SAF
meet 17% of aviation fuel demand, providing an alternative to kerosene in planes. SAF is a
mix of biofuel and domestically produced synthetic fuel. We assume that the aviation
sector bears the costs of meeting Net Zero for flying and makes use of both SAF and
engineered removals. By 2040, our Balanced Pathway sees ammonia meet 22% of shipping
energy use and synthetic fuels meet a further 17% of shipping energy use, predominantly
from synthetic methanol. These technologies are at an early stage of development and the
balance between SAF, removals, and demand in aviation, and between ammonia and
methanol in shipping, remains unclear.
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¢ Hydrogen: by 2040, our Balanced Pathway sees hydrogen play a small but important role,
particularly in industrial sectors such as ceramics and chemical production which may find it
hard to electrify. Hydrogen also has an important role within the electricity supply sector as
a source of long-term storable energy that can be dispatched when needed and as a
feedstock for synthetic fuels. However, we see no role for hydrogen in buildings heating and
only a very niche, if any, role in surface tfransport.

¢ CCS: by 2040, our Balanced Pathway sees CCS used in industrial subsectors with process
emissions for which alternatives are unlikely to be available. This results in CCS being
deployed in the chemicals and cement and lime industries. CCS is also used, alongside
hydrogen, to enable long-term storable, dispatchable power in the electricity supply sector,
in manufacturing low-carbon hydrogen, and to underpin engineered removals. Achieving
the CCS trajectory in our industry pathway relies on the establishment of CO2 storage and
rapid construction of pipelines to connect sites. While its role is limited to sectors where there
are few, or no, alternatives, we cannot see a route to Net Zero that does not include CCS.

3. Nature

Nature-based measures, including planting new woodland and restoring peatlands, are integral in
growing land-based carbon sequestration. They provide opportunities for farmers to diversify their
income streams away from livestock farming, as do income from renewables and energy crops.
Appropriately sited, sustainable UK bioenergy supply provides emissions savings in engineered
removals. The net carbon benefits retained on site in vegetation and soils are counted within
natfure. By 2050, nature-based sequestration offsets the residual emissions from the agriculture and
land use sectors.

¢ New woodland creation: by 2040, our Balanced Pathway sees more than 16% of the UK
covered in woodland, an increase from 13% today, as new diverse woodlands deliver
carbon sequestration in vegetation and soils. It is vital that free planting rates more than
double to 37,000 hectares per year, by 2030.

¢ Peatland restoration: by 2040, our Balanced Pathway sees the proportion of UK peatlands in
natural or rewetted conditions rise from 26% in 2023 to 55%. Most of this scale-up needs to
take place this decade. This measure delivers over half the land use emissions reductions by
2040.

4. Engineered removals

Removals are needed to balance residual emissions, principally from aviation. By 2040, both
bioenergy with CCS and direct air capture are deployed. There are also small amounts of removals
from enhanced weathering and biochar. Delivering removals will require CO2 transport and
storage infrastructure to be developed in good time, alongside finalising business models and
setting out a common sustainability framework for biomass.

5. Demand

The deployment of low-carbon technologies needs to be done in parallel with a shift away from
high-carbon goods and services. This is particularly frue where no major lower-carbon technology
exists or where these shifts are required to reduce emissions in the near term due to fechnologies
taking longer to develop. Our assumptions here are informed by evidence on what is deliverable,
as well as by the views of our citizens’ panel on what needs to be done to make changes
accessible and affordable. Key areas include:

¢ Increased efficiency: by 2040, our Balanced Pathway sees cost effective resource and/or
energy efficiency measures deployed across most sectors. This includes home insulation,
more efficient use of resources in industry, reductions in commercial, household, and food
waste, and more efficient technologies in aviation and shipping.
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¢ Low-carbon choices: by 2040, our Balanced Pathway sees people make some shifts
towards lower-carbon choices. Better infrastructure enables more people to choose public
transport, cycling, or walking, instead of driving, bringing the UK closer in line with countries
such as Germany, Switzerland, and the Netherlands. A contfinuation of existing frends,
together with greater choice and availability of plant-based foods, sees a reduction in
meat (especially beef and lamb) and dairy consumption, within overall healthier diets. With
the aviation sector bearing the costs of meeting Net Zero for flying, demand growth is lower
than in the baseline of no further decarbonisation action.

Figure 3 Sources of abatement in the Balanced Pathway «

500

= Memand

400

300
Electricity

200

Greenhouse gas emissions (MiCO,e)

100 Fuels and CCS
"Nature
0 Eng removals
2015 2020 2025 2030 2035 2040 2045 2050
Demand: . | Ow-carbon choices s Efficlency .
s Low-carbon supply Electric vehicles Heat pumps
flechicly: industial Other
Fuels and CCS: = SAF and shipping mmm Hydrogen CCS
,,,,,,,,,, O
Nature: ~  mes Trees ... e Peat Other ..
Eng removals: s Removals
Historical = = Baseline Balanced Pathway

Description: The Seventh Carbon Budget is delivered through five key routes: electricity, low-carbon fuels and CCS, nature, engineered
removals, and demand. The largest share of emissions reduction is from a switch from fossil fuels to electric technologies powered
using low-carbon electricity.

Source: CCC analysis.

Notes: See Chapter 3. ‘Eng removals’ refers to engineered removals. ‘SAF’ refers to sustainable aviation fuel. ‘CCS’ refers to carbon
capture and storage.

The path to Net Zero has become clearer in many areas. However, substantial uncertainty
inevitably remains around aspects of a pathway modelled over a 25-year time horizon. We have
undertaken an assessment allowing us to identify key sources of uncertainty, understand their
potential impact, and consider options fo address deviations from the pathway. The largest
uncertainty impact in 2040 comes from the sum of uncertainties around costs.

Development of contingency options by government would ensure a robust and adaptive
approach to achieving Net Zero. For the Seventh Carbon Budget, the most important
contfingencies we have identified are accelerated roll-out of EVs and heat pumps, including
scrappage schemes. Early scrappage in these areas is not included in the Balanced Pathway but
could provide an option to go faster or fo catch up if emissions reductions fall off track.
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The cost of the transition

In our Balanced Pathway, the UK should start saving compared to a high-carbon economy during
the Seventh Carbon Budget period. An initial investment is required for the UK's fransition to a low-
carbon economy. This upfront investment will lead to significant savings in the future as inefficient

fossil fuel technologies are replaced by more efficient, low-carbon alternatives.

¢ Renewable energy and electric technologies are more energy efficient than their fossil fuel
alternatives, meaning less wasted energy throughout the system. Energy losses are reduced
from around 1,000 TWh today to around 500 TWh in 2050.

*  We estimate that a low-carbon electricity supply system will be cheaper per unit of
electricity than the high-carbon alternative. Investment is needed now to both decarbonise
and expand the system.

e EVswilllead to a significant cost saving. Electric cars and vans are already generally
cheaper to run and maintain, and will soon be cheaper to buy, than their fossil fuel-based
alternatives. Households will see a significant reduction in the cost of driving.

e Heaf pumps are around three-to-four times more efficient than gas boilers, which should
lead to lower household energy bills, provided policy costs are removed from electricity
bills. However, UK homes are predominantly designed around gas heating and will need a
one-off improvement to be suitable for heat pumps in many cases. This is a sizeable
element of the total cost of Net Zero, and households will need policy support with these
one-off costs.

Our costing estimates are lower than those from our Sixth Carbon Budget advice. This reflects
different fime periods, with costs and benefits between 2020 and 2024 now in the past, and
updates to our underlying assumptions and methodology to align with the latest evidence.
Updates have influenced our cost profile, both upwards and downwards.

16 The Seventh Carbon Budget



Figure 4 Additional capital expenditure and operating costs «
in the Balanced Pathway, compared to the baseline
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Description: Additional costs in the Balanced Pathway are front-loaded, peaking in 2029. Investment costs are offset by operating
savings in later years, with the pathway becoming a net cost saving overall in 2041.

Source: CCC analysis.

Notes: See Chapter 4. ‘Capex’ is additional capital expenditure and ‘opex’ is additional operating expenditure. Both are relative to a
baseline of no further decarbonisation action.

Households

Household low-carbon choices contribute to one-third of emissions reduction in 2040. From an
emissions perspective, the most impactful decisions most households will make are purchasing an
electric car and a heat pump. Choices such as meat and dairy consumption and flying make
smaller, but important conftributions.

To understand what would make these kinds of choices accessible and affordable for households,
we convened a cifizens' panel. The citizens were on board with the key choices households will
need to make, provided the right policies are put in place.

e Different policies were acceptable for choices seen as ‘necessities’ as opposed to ‘luxuries’.
For heating and driving, public spending to support households was viewed as more
acceptable than increases in price (such as fuel prices). For flying, which was seen as more
optional, an increase in ticket prices was seen as more acceptable.

¢ The panel wanted government support for upfront costs and trustworthy public information
to explain what is needed and to address misconceptions.

¢ People wanted to protect those with limited choice and/or on a low income, but also
generally accepted the idea that higher-income households may make bigger savings by
switching to low-carbon technologies first. Policies which penalise those that cannot afford
to switch were seen as unacceptable. People were also concerned about protecting
farmers’ livelihoods.
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We used our Net Zero Distributional Model to assess the impact of our buildings and transport
pathways on costs for households and the Exchequer, under illustrative policy packages. Alongside
this, we undertook a more qualitative analysis of the potential impacts on protected and
vulnerable groups and an assessment of non-monetary costs and benefits, such as health impacts.

e For most types of household, savings on driving will support household budgets and be
similar in magnitude to any additional costs from home energy over the period from 2025 to
2050 as a whole. However, policy support will be needed to ensure low-carbon
technologies are accessible and affordable, especially for lower-income households, and
to ensure that those who make the transition gain by doing so.

¢ The fransition can benefit people who are disadvantaged by reducing fuel poverty,
improving air quality in disadvantaged areas, and improving workforce diversity in growing
sectors. Net Zero policies should be accessible, with targeted outreach and support for
home heating measures and improved accessibility of public fransport and active travel.

*  We expect the tfransition to Net Zero to deliver improved health outcomes, through
improved air quality, better insulated homes, increased active travel, and healthier diefs.
There will be some costs of time lost for home retrofit and on public transport.

The economy

The transition will make the UK economy more resilient, by reducing dependence on volafile
international fossil fuel markets. Beyond this, most businesses will not be significantly affected by Net
Zero in the long term, particularly those in the UK's service sectors.

¢ The UK's energy will be predominantly home grown, reducing our reliance on imported fossil
fuels. This will shield households and businesses from damaging price shocks. In the
Balanced Pathway, total net energy imports fall from 867 TWh in 2025 to 202 TWh in 2050.

e The costs of key low-carbon technologies, such as EVs, renewables, and batteries have
fallen substantially over the period of the first three carbon budgets, as past investment has
led to learning-by-doing benefits. The UK and other countries can start to reap these
benefits in the years ahead, as well as helping to drive other, more nascent technologies
down the cost curve. Continued improvements in technologies to produce electricity and
power vehicles will lower costs over fime, increasing productivity. Investments info
renewables, batteries, and electrification technologies are now greater than fossil fuel
investment internationally, adding momentum o these changes.

e Some fraded sectors where the UK has strengths could grow, such as green finance, while
new industries could develop. Seizing these benefits will require rapid action and an
environment conducive fo investment, as other countries will also be looking to capture
opportunities.

e Some industrial sectors, such as cement, will face exira costs to eliminate emissions.
Government should support these sectors to fransition, which might include carbon border
adjustment mechanisms. With the right policies in place, UK manufacturers could
decarbonise early and take advantage of growing global demand for low-carbon goods,
rather than being stranded in shrinking markets for high-carbon goods and services.
Economic growth will not come from trying to sell goods other countries no longer want to
buy.

*  Qutput of oil and gas and associated industries such as refineries will reduce, with impacts
concentrated in a few regions and communities. Government needs to develop funded
fransition plans, working with those affected, to enable access to secure alternative
employment and business opportunities.
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e Farmers will need to be supported to diversify theirincome streams away from livestock
agriculture, with opportunities in areas such as woodland creation, peatland restoration,
energy crops, and renewable energy.

Key actions

We have 43 priority recommendations to put the country on track to deliver the Seventh Carbon
Budget. The full set can be found in Annex 1. There are seven core themes that underpin most of
these recommendations:

* Making electricity cheaper. The largest share of emissions reduction in our pathway comes
from switching to low-carbon electric technologies across sectors including fransport,
buildings, and industry. Households and businesses need to be better incentivised to make
these choices through the impacts they will see on their bills. This can be done through
rebalancing prices to remove policy levies from electricity bills.

* Removing barriers. People need to be able to install heat pumps and EV charge points in
their homes and businesses. Industries require timely grid connections to allow them to
move to electrified production processes. Grid infrastructure is essential to enable everyone
to make use of domestically produced low-carbon electricity, reduce energy bills, and
improve our energy security. Key processes and rules, including in planning, consenting,
and regulatory funding, need to enable rapid deployment of low-carbon technologies.

* Providing certainty. In many key areas, the best way forward to decarbonise is now clear.
Once the market has locked info a solution, it needs to be delivered. Government should
support markets to do this by setting out clear, timely decisions on support for new
technology choices, and dates for phasing out old technology. Certainty will provide
confidence to consumers and investors. This should include confirming that there will be no
role for hydrogen in home heating.

¢ Supporting households to install low-carbon heating. While the Net Zero fransition should
lead to lower energy bills for consumers, support is needed to address barriers in upfront
costs, especially for low-income households. Addressing barriers such as the price of
electricity, lack of awareness, and misconceptions about heat pumps will also be crucial.

* Setting out how government will support businesses. Businesses need clarity on the balance
between government support and market mechanisms such as the UK Emissions Trading
Scheme and carbon border adjustment mechanisms, so that they can make the fransition
to low-carbon operations. With the right support, UK businesses could decarbonise early
and take advantage of growing global demand for low-carbon goods and services.
Farmers and land managers need support to diversify land use info woodland creation,
peatiand restoration, energy crops, and renewable energy.

* Enabling the growth of skilled workforces and supporting workers in the transition. Growing
workforces will be a critical enabler of some of the system-wide changes that are needed
(for example, switching from gas to electric heating or expanding the electricity grid). We
need a plan for how to do this. A small number of industries will change substantially, which
could adversely impact communities if not managed well. Government, business, workers,
and communities should proactively plan for how to address this and ensure that new
opportunities are available in affected areas.

¢ Implementing an engagement strategy. Government should provide clear information to

households and businesses. It should focus on what actions are most impactful in reducing
emissions, the benefits of low-carbon choices, and providing frusted information.
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Next steps

This report sefs out our recommendation for the level of the Seventh Carbon Budget. We also set
out our Balanced Pathway for how to achieve it, so that the Government and Parliament can be
assured that the recommended level is feasible and deliverable. This is based on extensive sector
modelling and data analysis, but also on insights from a wide range of stakeholders, including
businesses, tfrade unions, and farmers, and from our citizens’ panel. The Committee is very grateful
for all the support we have received in the process.

It is now for the Government to propose a level for the Seventh Carbon Budget to Parliament, and
for Parliament to approve or reject that level. This must take place by 30 June 2026. The
Government must also bring forward its proposals and policies to enable the carbon budgets set
under the Climate Change Act to be met. The Committee supports the suggestion made by the
previous Government that these proposals and policies should be published ahead of the vote on
the level of the carbon budget. Alongside this, action needs to accelerate to meet existing targets.

Sefting carbon budgets 12 years in the future provides certainty fo investors, businesses, and
households, allowing the fime for technologies to be adopted and businesses and households to
adjust. The Committee is required to advise Parliament every year on progress, allowing Parliament
to hold the Government to account. Our next mitigation Progress Report is scheduled for June
2025.

The UK'’s approach has influenced climate legislation around the world. Nearly 60 countries now
have their own climate legislation. There are 25 independent advisory climate councils working to
support national governments on delivering their climate commitments.

The mechanisms in the Climate Change Act provide an institutional framework for long-term
decision-making and a counterbalance o short-term political pressures. The Committee provides
advice, but we do not set policy. Decisions remain with the Government and Parliament.

Above all, fo meet our Seventh Carbon Budget pathway, what is needed is action, continuing the
momentum built up since the infroduction of the Climate Change Act. Action by businesses,
governments, and households can drive a rapid shift away from fossil fuels, boost investment,
support good new jobs, and enhance the UK's energy security.
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Chapter 1: Climate change and
emissions

Infroduction and key messages

This chapter sets out the background to our Seventh Carbon Budget advice, summarising the latest
scienfific understanding of climate change, global emissions, and progress in reducing emissions in

the UK.

Our key messages are:

The Earth’s climate is changing rapidly as human-induced warming is increasing at an
unprecedented rate. Risks are increasing - extreme weather events show the impact that
climate change is already having, both globally and in the UK. Every 0.1°C of additional
warming creates increasing threats from climate change.

The science is clear that human activities have driven increases in greenhouse gases
(GHGs) in the atmosphere to levels not previously experienced by our species. Long-term
human-induced warming now reaches around 1.3°C above pre-industrial levels and is rising
at over 0.2°C per decade.

Net Zero CO2 emissions as well as deep reductions in other GHG emissions globally are
required to halt further global warming. While it is now almost inevitable that warming levels
will exceed 1.5°C in the next ten years, it may sfill be possible to limit warming to 1.5°C in the
longer term, provided deep global emissions cuts begin immediately.

Global action must speed up. The UN Framework Convention on Climate Change
(UNFCCC) process, the Paris Agreement, government policies, actions from non-state actors,
and market initiatives are driving progress. Global GHG emissions are likely near their peak,
and on a per-capita basis have begun to fall. But much more action is needed.

All three of the UK’s carbon budgets have so far been achieved, with GHG emissions having
roughly halved since 1990, driven largely by progress from expanding renewable power and
phasing out coal in the electricity sector. Progress needs to extend to a broader range of
sectors, alongside building resilience and supporting global decarbonisation.

The UK has a legally binding target to reach Net Zero GHG emissions by 2050, requiring
sources of GHG emissions to be balanced by sinks. Warming is primarily determined by
cumulative CO2 emissions. Rapid action is crucial, and delays could have detfrimental
consequences such as stranded assets and rising costs. The other chapters of this report
cover what the UK will need to do to achieve this target, which will involve urgent action this
decade, as some areas of the economy will take a long time to fully decarbonise.

1.1 Climate change and emissions globally

1.1.1 Global climate change

Global temperatures are rising (Figure 1.1). Since we published our Sixth Carbon Budget advice in
2020, climate and weather records have continued to be broken around the world.
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¢ Global temperatures have continued to increase. 2024 was the warmest year on record, at
1.6°C above pre-industrial average levels.! Long-term human-induced global warming in
2023 is estimated to have risen to 1.3°C (1.1 to 1.7°C 5th to 95th percentile range) above
pre-industrial average levels.” The rate of increase is unprecedented, reaching 0.26°C per
decade over 2014 to 2023.7:2

* Records for climate and weather extremes continue to be broken. In 2023, ocean heat
content reached its highest level in the 65-year observational record and global mean sea
level reached a record high. Exireme weather events, such as wildfires and flooding, led to
widespread loss of life and property destruction.3

¢ Warming will inevitably confinue in the near term. Global temperatures will continue to rise
until the point when the world reaches Net Zero CO2 emissions, with deep reductions in
other GHGs also needed to limit warming.* This continued warming means that the world is
rapidly approaching the lower end of the Paris Agreement long-term temperature goal
(Box 1.1).

Figure 1.1 Global average temperature rise «
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Description: Since 1850, global average temperatures have been increasing, with a particular acceleration beginning around 1970.
Observed annual temperatures fluctuate around long-term human-induced warming.

Source: Smith, C. et al (2024) Climate indicator data: indicators of global climate change 2023 revision.

Notes: (1) Observed annual warming shown reflects an average across several datasets. (2) Long-term human-induced uses the
‘anthropogenic p50' metric from Smith, C. et al (2024).

" These estimates are based on the IPCC's Sixth Assessment Report methodology. Long-term warming refers to the average
level of warming over a multi-decadal period, as distinct from the warming observed in a single year (such as that referred
to for 2024).

T At the time of writing, long-term warming trends have not yet been updated to include 2024 warming data.
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Box 1.1

Global warming of 1.5°C

Long-term warming

The 2015 Paris Agreement has a single long-term temperature goal: ‘holding the increase in the global
average temperature to well below 2°C above pre-industrial levels and pursuing efforts to limit the
temperature increase to 1.5°C above pre-industrial levels’. While not formally defined in the Agreement
itself, the warming levels referenced in this goal are widely interpreted as referring to multi-decadal human-
induced average warming, excluding short-term natural variability.> For simplicity, this is often referred to as
‘long-term warming’.

Since 2015, advancing climate science has further highlighted risks of exceeding 1.5°C of long-term
warming. The UNFCCC Conference of the Parties (COP) has recognised these risks and put a greater focus
on pursuing efforts to keep to 1.5°C above pre-industrial levels - such as in the agreed conclusions on the
first Global Stocktake under the Paris Agreement which concluded in 2023.

Long-term global warming, as measured according to this interpretation, has not yet exceeded 1.5°C
above pre-industrial levels, but it is rapidly approaching it. Estimates of current human-induced long-term
warming are around 1.31°C above pre-industrial levels and are rising at 0.26°C per decade.®

Short-term variability

The Earth’s temperature also experiences short-term fluctuations on both annual and monthly timescales
which can temporarily increase or lower global temperatures from the human-induced long-term average.
A maijor contributor to this is the El Nino cycle - which occurs in the Pacific but has a large impact on global
temperature. The large and persistent El Nino occurring over late 2023 and 2024 was one of the reasons that
global average temperature anomalies have repeatedly, but temporarily, reached 1.5°C or higher above
pre-industrial levels. February 2023 to January 2024 was the first 12-month period where the mean global
average temperature exceeded 1.5°C above pre-industrial levels, and June 2024 marked the twelfth
consecutfive month to reach or surpass 1.5°C warming.’ 2024 was the warmest calendar year on record,
surpassing 1.5°C warming for the first fime.8

This does not mean that the long-term temperature goal of the Paris Agreement has been breached;
limiting long-term warming to 1.5°C remains a central goal in the UNFCCC process.

Looking ahead

While it is theoretically possible to return long-term warming to below 1.5°C following a limited overshootf,
every increment of global warming brings additional risks, both in terms of climate impacts and to the
chances of bringing warming back down over time.”

* Innearly all of the modelled scenarios considered by the Intergovernmental Panel on Climate
Change (IPCC), long-term warming exceeds 1.5°C above pre-industrial levels in the early 2030s.
Some degree of exceedance is therefore now almost inevitable.

* Under current policies, the remaining global carbon budget for 1.5°C would be exhausted by 2030.
By the period of the Seventh Carbon Budget, global warming will likely be at or above 1.5°C even in
a global highest ambition scenario.?

¢ Recent analyses suggest it is still fechnically possible to limit long-term warming to 1.5°C with low
overshoot. Deep and immediate emissions cuts are required, and the required rate of globall
emissions reduction increases with every year global action falls short of that implied by 1.5°C-
aligned pathways. 10:11

* |long-term warming above 1.5°C, even temporarily, will bring additional impacts that will need to be
adapted to. The greater the overshoot, the larger the climate risks associated with the warming
during and after the overshoot period, including the risk of crossing tipping points.™12

* A greater degree of overshoot also implies a larger need for CO2 removal measures and net
negative emissions to bring tfemperatures back down. Many of these measures are not yet proven atf
scale and have uncertain costs and large implications for energy systems. '3

" ‘Overshoot' refers to the temporary exceedance of a given level of warming, after which temperatures fall back to below
that level.

T A tipping point refers to a critical threshold in the Earth's system or related processes which, if passed, can cause sudden,
dramatic, or even irreversible changes to some of the Earth’s largest systems.
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1.1.2 Global emissions

There is a near-linear relationship between cumulative anthropogenic CO2 emissions and the
global warming they cause. Continued emissions of CO2 and other long-lived GHGs therefore imply
continued warming. 4

Global GHG emissions grew steeply throughout the second half of the 20th cenfury and have
continued to grow over recent years, albeit at a slowing rate.

* Annual net global CO2 emissions from fossil fuels and land use, land use change, and
forestry (‘land use’) in 2023 were around 41 GtCOa2.'> This makes 2023 emissions
approximately joint highest in the modern record, with 2019.

— Global emissions fell in 2020 as a result of restrictions put in place in response to the
COVID-19 pandemic, but emissions have since rebounded. Preliminary estimates for
2024 suggest that CO2 emissions from fossil fuels grew 0.8% in 2024, reaching 2.6%
above 2019 levels. CO2 emissions from land use have more short-term variability due to
weather conditions but appear to be on a long-term downward trajectory.!¢

— Global emissions of methane contributed around one-third of the total GHG-driven
global warming seen by 2010 to 2019.17 Recent estimates show methane emissions
continue torise, implying a growing conftribution to warming, and in 2023 were 2-4%
above 2019 levels.18:19

¢ The rate of increase has slowed over the past decade. The rate of growth in global fossil
CO2 emissions peaked at nearly 3% per year during the 2000s but has slowed in the last
decade to less than 1% per year on average.20

— As of 2022, 36 countries have sustained emissions reductions for longer than 10 years.
Among the largest emitters, compared to 2010 levels, emissions were approximately
30% higher in China, 9% lower in the United States, 54% higher in India and 18% lower in
the European Union."2!

— Global GHG emissions per capita (excluding emissions from land use, for which
uncertainty is larger) broadly plateaued in the 2010s and in 2023 were 1% below peak
levels, which occurred in 2012.22:23
e Various sources expect global emissions to peak this decade.
— The International Energy Agency and Bloomberg New Energy Finance both project an
immediate or mid-2020s peak for energy sector CO2 emissions under current policy

settings.24:25

— The UNFCCC assesses that if countries implement their 2030 emissions targets in full,
global GHG emissions will peak in the 2020s.2¢

“ For consistency, these estimates are based on a third-party source rather than official inventories for which up-to-date
figures are not available for all countries.
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1.1.3 Latest scientific understanding

The Intergovernmental Panel on Climate Change (IPCC) completed ifs Sixth Assessment Report
(ARé) cycle in 2023. This brings together the last five years of scientific studies and provides the
scientific basis for this report. It concluded that human activities have ‘unequivocally caused global
warming’', and that limiting human-induced global warming to 1.5°C requires deep, rapid, and
sustained reductions in GHG emissions.

26

Global temperatures are increasing as a result of human activities. The increase in average
global surface temperatures has been driven by increases in GHG concentrations, which
have unequivocally been caused by GHG emissions from fossil fuels and other human
activities.

Human-caused climate change is already affecting weather extremes across the globe.
Evidence has strengthened linking human influence to observed changes in extremes such
as heatwaves, heavy rainfall, droughts, and tropical storms. Human influence has also likely
increased the chance of these events occurring simultaneously. Vulnerable communities
are disproportionately affected by these extreme events.

Risks increase as warming increases. Changes in extreme climate events become larger
with every additional increment of warming. Concurrent extreme weather and sea level
events are projected to become more frequent, storms to become more intense, and arid
conditions to become more widespread. Abrupt and irreversible changes, including those
friggered when tipping points are reached, become more likely and more impactful with
further warming. For any given level of warming, many climate-related risks are assessed to
be higher than in the IPCC's previous assessments.

Limiting human-caused warming requires deep and immediate emissions cuts. Modelled
IPCC pathways that limit warming to 1.5°C (with low or no overshoot) reach global Net Zero
CO2in the early 2050s. These pathways see global GHG emissions peak by 2025 and
assume deep and immediate cuts in emissions are made across most sectors this decade.

— Net Zero refers to a state in which GHG emissions entering the atmosphere are
balanced by removals out of the atmosphere. Reaching Net Zero CO2 emissions
globally is necessary for limiting global warming to any level. In most modelled
scenarios, Net Zero global GHG emissions is associated with net negative global CO2
emissions (needed to balance residual non-CO2 emissions) and falling temperatures.?”

— Limiting warming requires both limiting cumulative CO2 emissions and strong reductions
in other GHGs. The IPCC has high confidence that the level of emissions reduction by
2030 will be key to determining whether warming can be limited to 1.5°C or 2°C.

— Global warming will continue to increase in the near term, as cumulative CO2 emissions
continue torise in all of the IPCC’s modelled scenarios. Even under the IPCC'’s very low
emissions scenario, global warming is more likely than not to reach 1.5°C before 2040.

Rapid action on mitigation and adaptation can reduce projected losses and damage.
Actions this decade are crucial to reducing emissions quickly and adapting fo the
changing climate, since there are often long implementation fimes. Delaying action could
also have other detrimental consequences, including risking lock-in to high-emissions
infrastructure, stranded assets, and rising costs for people and businesses.

— The IPCC reports a 10-23% climate change-caused decline in annual global GDP by
2100 under a high warming scenario, though statistical approaches point towards the
upper end of this range.282? Recent actuarial assessments emphasise the risk that losses
could be considerably higher than currently considered in decision-making.30:3!
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— Integrated responses that address both mitigation and adaptation objectives can take
advantage of synergies and reduce trade-offs.

Feasible and low-cost mitigation and adaptation options are already available. Systemic
changes are needed to address the above risks, including roll-out of low-carbon
technologies, reducing demand for high-carbon activities, and protecting and restoring
ecosystems. Feasible, effective, and low-cost solutions to achieve these goals already exist
and, in many cases, are ready fo deploy at scale. The global economic benefit of limiting
warming to below 2°C exceeds the cost, even before considering co-impacts (such as
effects on human health) and climate damages.

1.1.4 Global agreements on climate change

The UNFCCC process

The UNFCCC is the UN process for negotiating a global approach to address climate change. 197
countries plus the European Union are currently party to this process. Negotiations take place
through the annual Conference of the Parties (COP). COP21 in 2015 negotiated the Paris
Agreement, which is the latest global agreement on climate change mitigation.

The Paris Agreement: this set several goals and objectives extending across mitigation,
adaptation, and finance, and including:

- Allong-term temperature goal of limiting global warming to ‘well below 2°C above pre-
industrial levels’ and to ‘pursue efforts to’ limit warming to 1.5°C above pre-industrial
levels.

— On mitfigation, setting three high-level milestones for global GHG emissions: global
peaking as soon as possible, rapid reductions thereafter, and achieving a balance
between emissions sources and sinks in the second half of this century (Net Zero GHGs).

— On adaptation, establishing a ‘global goal for adaptation’, with a view to enhancing
adaptive capacity, strengthening resilience, and reducing vulnerability to climate
change. This was further developed through the UAE Framework for Global Climate
Resilience into a set of sectoral and process targets that was agreed at COP28.

— On finance, setting out the need to make finance flows consistent with these mitigation
and adaptation objectives.

COP2é4:in 2021, COP26 took place in Glasgow with the UK as host and president of the
negotiations. Parficipating nations agreed the Glasgow Climate Pact, which built on the
Paris Agreement by calling on signatories to strengthen commitments to keep 1.5°C in
reach, finalising many of the rules underpinning the Agreement’s operation and promoting
an unprecedented mobilisation of non-state actors (which has confinued and grown in the
years since).

Nationally Determined Contributions: under the Paris Agreement, countries are required to
submit Nationally Determined Conftributions (NDCs). NDCs should set out ambitious targets
and plans to reduce emissions in line with the aims of the Agreement.

— The UK set ifs first NDC to require a reduction in GHG emissions (excluding emissions
from international aviation and shipping) of at least 68% by 2030, compared to 1990
levels.
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— In November 2024, the Prime Minister announced that the UK's second NDC would
require an at least 81% reduction in GHG emissions by 2035, compared to 1990 levels.
Both NDCs have been set in line with the Committee’s advice.

* The Global Stocktake: the Paris Agreement established a five-yearly Global Stocktake to
assess progress towards achieving its objectives. The first Global Stocktake concluded at
COP28 in 2023 and highlighted significant gaps between current action and that needed
to achieve the Agreement’s goals, notably (in the context of this advice) on mitigation.

— Reacting to the latest scientific evidence and political momentum built at COP26 and
since, the Global Stocktake placed particular emphasis on the importance of 1.5°C,
underscoring that climate impacts would be much less severe than at 2°C, and noting
the gap between existing commitments and a 1.5°C-consistent frajectory.

— The Global Stocktake set out several global objectives, including:

* A tripling of global renewable energy capacity and a doubling of the global
average annual rate of energy efficiency improvements by 2030.

e Acceleratfing the phase-down of unabated coal power and fransitioning away
from fossil fuels, with particular focus on accelerated action this decade.

* Accelerating reductions in non-CO2 GHG emissions, including in particular methane
by 2030.

* Acceleratfing deployment of low- and zero-emission technologies including zero-
emission vehicles, renewables, nuclear, removals, and carbon capture
technologies.

* Phasing out inefficient fossil fuel subsidies.

e COP29:in 2024, COP29 took place in Baku, Azerbaijan and produced important
agreements on a new climate finance goal and carbon markets.

- A new climate finance goal was agreed, with developed countries committing to take
the lead in providing $300 billion per year to developing countries by 2035 as part of
wider efforts to mobilise $1.3 trillion per year by 2035 from all public and private sources.

— Rules were agreed to operationalise carbon market provisions under the Paris
Agreement, paving the way for trading to begin in the coming years.

Global ambition and delivery

Nafional Net Zero targets and ambitions now cover approximately 90% of present global GHG
emissions. Many of these targets are assessed as lacking detail and credibility, with short-term
ambitions out of step with long-term goals.??

These targets are increasingly accompanied by policy packages designed to incentivise take-up
of low-carbon technologies and boost domestic energy security and low-carbon competitiveness,
albeit still falling short of alignment with NDC targets. Major low-carbon transition programmes
(often with a notable electrification focus) are underway in the world’s largest economies.
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¢ In China (which accounts for around a quarter of global GHG emissions), emissions reached
an all-time high in 2023, but rapid deployment of renewables and electric vehicles have led
independent analysts o suggest the country could be at or near peak emissions.33:34 |ts
2030 target for wind and solar capacity has been reached six years ahead of schedule,
while the total of electric and hybrid vehicles surpassed 50% of monthly new car sales in
mid-2024.35:36

¢ In the United States (which accounts for around 10% of global GHG emissions), legislation
including the Inflation Reduction Act has begun to have a material impact on clean
energy sectors, notably through clean electricity, vehicle, and manufacturing tax credits.3”
Clean energy and transportation investment has grown strongly in recent years.s8

¢ The European Union (which accounts for slightly over 5% of global GHG emissions) adopted
key policy packages in 2023 in the form of the ‘Fit for 55’ programme and RePowerEU plan.
These were followed by a strengthening of the EU Emissions Trading System and updated
Energy Efficiency and Renewable Energy Directives (aiming for renewables to achieve a
45% share of final energy consumption). These measures must in turn be implemented at
the Member State level.37:40

Progress is being driven by improving economics of low-carbon technologies interacting with policy
support. The global average cost for new electricity generation has fallen by 88% for solar PV, 60%
for wind, and nearly 90% for battery storage since 2010.4! Globally, the world now invests almost
twice as much in clean energy as it does in fossil fuels, with clean energy investment expected to
reach $2 trillion in 2024.42

Globally, however, efforts remain significantly off frack to achieve the Paris Agreement
temperature goal (Figure 1.2)."

¢ The latest assessments found that the remaining global carbon budget to retain a 50%
chance of limiting global warming to 1.5°C has fallen from 500 GtCO2 at the time of our
advice on the Sixth Carbon Budget (2020) to 235 GtCO2 from the start of 2025.43:44

e Global GHG emissions implied by NDCs are consistent with warming of around 2.5°C by
2100 and would need to be 19-22 GtCO2e lower in 2030 than those implied by current
NDCs to align with a 1.5°C scenario. Current policies in turn fall short of what would be
needed to deliver NDCs, implying warming of around 3°C by 2100 and indicating an
implementation gap on top of the ambition gap.4544

¢ Nonetheless, significant progress has been made in recent years. When major emitters’ Net
Zero pledges are considered alongside NDCs, latest commitments imply warming below
2°C if implemented in full (which countries are not currently on frack to do), compared to
the 3-4°C projected before the Paris Agreement was adopted. 4

" Several organisations project future warming using different methodologies and making different assumptions, particularly
on long-term emissions trends. For simplicity, here we refer to warming estimates associated with a 50% probability from the
UNEP Emissions Gap Report 2024, rounded to the nearest 0.5°C to avoid false precision.
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Figure 1.2 Global GHG emissions under current ambition, «
compared to Paris-aligned trajectories
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Description: Current policies and commitments imply flat or falling future global emissions, above scenarios consistent with limiting
warming fo 1.5°C or well below 2°C.

Source: Rogelj, J., Den Elzen, M.G.J. and Portugal Pereira, J. (2024) The UNEP Emissions Gap Report 2024: No More Hot Air ... Please! With
a Massive Gap between Rhetoric and Reality, Countries Draft New Climate Commitments. UNEP.

Notes: (1) For simplicity, current policies and current ambition scenarios show median pathways only, masking a wider uncertainty
range. Ranges shown for 1.5°C and well below 2°C scenarios are 20th-80th percentiles, as presented in the Emissions Gap Report but
distinct from the ranges shown in Figure 10.2. (2) 1.5°C and well below 2°C scenarios generally assume cost-effective global action
beginning in 2020. (3) Other than for current policies, scenario data is available from 2025 onwards - dotfted lines joining historical to
scenarios are for visual consistency only. (4) For consistency with the Emissions Gap Report source, but in contrast to UK emissions
presented in this report, emissions here are presented in terms of global warming potentials from the Intergovernmental Panel on
Climate Change's fourth assessment report. NDCs refer to Nationally Determined Contributions - emissions targets submitted by parties
to the Paris Agreement.

1.2 Climate change and emissions in the UK

1.2.1 Climate change in the UK

Evidence of climate change is clear here in the UK - the changes that are being seen are
consistent with what would be expected due to human-induced global climate change.4?

* Average temperatures are increasing. The UK is warming at a rate similar to global land

temperatures. 2023 was the second warmest year on record for the UK, with only 2022
being warmer. The UK’s 10 warmest years on record have all been in the 21st century.4?
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¢ Temperature extremes are changing faster than average temperatures. 2022 included the
hottest day on record, the first time temperatures somewhere in the UK have exceeded
40°C. Averaged across the UK, the typical warmest temperature of the year has increased
by around 2.8°C from the 1960s, 1970s, and 1980s to the most recent decade, with much
more rapid rates of increase in South East England.”50

* Sealevels are rising. The rate of UK sea-levelrise is increasing. The annual increase has risen
fo 2.4 mm/year, which is above the long-term average of 1.5 mm/year since the 1900s.5!

e Other weather extremes are also changing. Heavy rainfall metrics generally show an
increase in very wet days across the UK, but the expected signal from climate change
remains hard to distinguish from the large interannual variability in the observational record.
The 18 months to March 2024 was the wettest 18-month period on record in England.

These changes are leading fo damaging impacts on people, ecosystems, and infrastructure for
which the UK is insufficiently prepared. This is emphasised by impacts of extreme weather in the UK
over the last five years - most clearly in the summer 2022 heatwave. 52

¢ Headlth and economy: the July 2022 heatwave, and the subsequent heatwaves in August
2022, led to a record number of additional heat-related deaths with over 3,000 reported.
These occurred mostly among the elderly and those with existing ill-health. Heat exposure is
estimated to cost the UK economy £260-£300 million per year.s3

¢ Infrastructure and communities: infrastructure impacts from the July 2022 heatwave were
extensive, with flights suspended and disruption to rail and road networks. The heatwave
caused power cuts due to conductors sagging and transformers overheating. Increased
electricity demand presented challenges for system security and operability. There were
large spikes in 999 calls and fire services declared major incidents due to multiple wildfires.

e Agriculture and ecosystems: the wettest 18-month period on record (from October 2022 to
March 2024) resulted in thousands of acres of farmland being submerged for extended
periods, leading to the loss of crops and animails. This followed a period of significant
drought in 2022, where the combination of the lack of rainfall with the summer heat meant
soils were very dry. This stressed ecosystems and agriculture and led to record numbers of
large wildfires.®

We expect these observed frends in UK weather to continue. As detailed in the Third UK Climate
Change Risk Assessment, we can expect warmer and wetter winters, drier and hotter summers, and
continued sea level rise over the coming decades.®* The evidence base for the next UK Climate
Change Risk Assessment - which the Committee will publish in 2026 - will provide an updated
assessment of both the risks and adaptation actions that will be needed to prepare the UK for the
expected effects of climate change.

1.2.2 The UK contribution to global emissions
UK GHG emissions were 423.3 MtCOze in 2023, including the UK’s share of international aviation and
shipping, based on provisional data. This is 49.5% lower than in 1990. UK emissions excluding those

from infernational aviation and shipping have now fallen by over half.

The UK's share of global emissions has fallen from 2.3% to below 1% over this period.

" Precise referenced period is the average over 1961-1990, presented as '1960s, 1970s, and 1980s’ for ease of interpretation.

" Large wildfires are defined as those that are greater than 30 hectares in extent.
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e Despite these reductions, the UK's emissions are still important. Over a quarter of global
emissions are produced by countries with a share of global emissions less than 1%.5°

¢ UK cumulative CO2 emissions since 1750 are estimated to be around 79 GtCO2.%¢ This
represents around 4.4% of estimated global emissions o date.

1.2.3 The Climate Change Act and UK carbon budgets

The Climate Change Act

The Climate Change Act (2008) is the UK's legal framework for tackling and responding to climate
change. The Act sets in law a long-term goal of reaching Net Zero UK GHG emissions by 2050 as
well as infermediate steps defined by the level of carbon budgets, which set legally binding caps
on UK GHG emissions over five-year periods. These make clear the required level of emissions
reduction in the short and medium term to ensure the UK is on track to decarbonise by 2050.

Under the Act, the Committee is required to advise the UK Government on the level of each
carbon budget. The Government must set in law the level of each carbon budget no later than 30
June in the twelfth year before the beginning of the period in question. This is done after first
considering the Committee’s advice and any representations made by the Scottish and Welsh
Governments and the Northern Ireland Executive.

* The Committee has previously advised on the levels of the first six carbon budgets, and the

Government has chosen to follow this advice in each instance.57:58:59:60:61:62;63;64

e Prior to sefting it in law, the UK Government’s proposed level of each carbon budget is laid
before and agreed by Parliament. The Sixth Carbon Budget was supported across political
parties in the House of Commons. The Committee’s detailed reports on Net Zero and the
Sixth Carbon Budget were available to aid their scrutiny.

¢ The UK Government must prepare the policies and proposals required to achieve the
target.

This report provides the Committee’s advice on the level of the Seventh Carbon Budget, covering
the period from 2038 to 2042. Scotland, Wales, and Northern Ireland all have their own legal
frameworks and their own decarbonisation targets. The Committee will provide separate advice to
each of the devolved administrations on their carbon budgets later this year.

Performance against UK carbon budgets to date

The UK’s First, Second, and Third Carbon Budgefts, covering the periods 2008 to 2012, 2013 to 2017
and 2018 to 2022 were 3,018 MICOz2e, 2,782 MICO2¢e and 2,544 MtCOqe respectively. These targets
were set based on the old 2050 target of an 80% reduction in emissions. The UK has met all of these
targets, with GHG emissions having roughly halved since 1990 (Figure 1.3).

¢ The UK outperformed these first three carbon budgets by 36 MICO2e, 384 MtCO2e, and 391
MtCO2e respectively. In percentage terms, these budgets were outperformed by 1%, 14%
and 15% respectively.

e Emissions savings from electricity and fuel supply, due to the phase-out of coal generation

and roll-out of renewables, contributed more than half of the reductions seen over this
period. Reductions in industry, waste, surface transport, and buildings also played a role.
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Figure 1.3 UK historical emissions and existing targets «
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Description: The UK's greenhouse gas emissions have roughly halved since 1990 and the first three carbon budgets have been
achieved.

Source: Department for Energy Security and Net Zero (DESNZ) (2024) Provisional UK greenhouse gas emissions national statistics 2023;
DESNZ (2024) Final UK greenhouse gas emissions national statistics: 1990 to 2022.

Notes: (1) Emissions from international aviation and shipping (IAS) are included in historical emissions and added to the first five carbon
budgets and the two Nationally Determined Contributions (NDCs) (in which they are not included) to allow for a direct comparison. (2)
‘CB’ refers to UK carbon budgets: ‘CB1’ refers to the First Carbon Budget; subsequent numbers refer to subsequent carbon budgets.

Active legislated UK carbon budgets

The UK’s emissions target for 2050 is Net Zero. This was legislated in 2019 and was a step up from the
previous target of an 80% reduction. It remains an appropriate long-term target for the UK.

¢ The latest science indicates that in global pathways temperature increases stabilise after
Net Zero COzis reached globally. At Net Zero GHGs, temperatures start to reduce, as short-
lived residual methane emissions are being balanced by long-lived CO2 removal.

e Achieving Net Zero GHG emissions (with Net Zero CO2 reached sooner) will therefore halt
and begin to reverse the UK’s contribution to global warming. The UK should aim to achieve
this as soon as possible, to show leadership in reducing global femperatures.

¢ The UK’s target of Net Zero by 2050 is consistent with IPCC scenarios that limit warming to
1.5°C. NDCs and carbon budgets are set to define a feasible pathway to achieve this that
is both ambitious in its pace and deliverable.

The next three steps on the way to Net Zero are the Fourth, Fifth and Sixth Carbon Budgets,

covering the periods 2023 to 2027, 2028 to 2032, and 2033 to 2037, which are legislated at
1,950 MtCOq2e, 1,725 MICO2e, and 965 MICOze respectively (Figure 1.3).
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e The Fourth and Fifth Carbon Budgets do not include international aviation and shipping
emissions. The Sixth Carbon Budget is the first UK target to include emissions from the UK's
share of emissions from international aviation and shipping, but this is not yet in legislation.

e The steep reduction between the Fifth and Sixth Carbon Budgets is due o the fact that the
Sixth Carbon Budget is the first set in line with Net Zero. The Fourth and Fifth Carbon Budgets
were sef on a trajectory to the previous 80% target. These carbon budgets will therefore
need to be overperformed in order to be on a sensible path to Net Zero.

e The UK’s 2030 NDC provides a target for this time period that is consistent with a pathway to
Net Zero by 2050. The UK has also recently confirmed its 2035 NDC, which requires a similar
level of emissions reduction to the Sixth Carbon Budget.

1.2.4 UK emissions by sector

The UK’s emissions reductions since 1990 have been driven by strong progress in decarbonising
electricity supply (Figure 1.4). In some important sectors, including surface transport (outside the
effects of the COVID-19 pandemic) and agriculture, emissions trends have been broadly flat. The
carbon sequestered in land use sinks has decreased over this period.

e In 1990, electricity supply was the UK's highest-emitting sector. Since then, emissions from this
sector have fallen by 81%, with most of this reduction coming since 2008. These trends have
been driven by the ramp-up in renewable generation and the complete phase-out of coal.

— The UK’s last coal-fired power station, Ratcliffe-on-Soar, closed in September 2024. This
was a historic moment - the UK becoming the first major economy to phase-out coal
received worldwide attention.

— The UK also has a high share of renewables relative to most other OECD countries.
¢ There have been falls in emissions from industry, fuel supply, waste, and buildings.

— Inindustry, emissions have fallen by 63% since 1990. Much of this has been due to a fall
in the output of emissions-intensive industrial sectors, in particular steel and chemicals,
due to a structural shift towards less carbon-intensive but higher-value industrial output.

— Fuel supply emissions have fallen by 60% since 1990, primarily driven by a reduction in
coal mining and the associated methane emissions.

— Waste emissions have fallen by 66% since 1990." The main cause of this has been
reductions in methane emissions from landfill because of the infroduction of a tax.

— There has been a gradual reduction in emissions from buildings. This has been driven by
policies to improve the efficiency of heating appliances and deliver investments in
building fabric efficiency, along with more recent reductions in heating demand due
to recent warmer-than-average temperatures and high gas prices.

e Emissions in surface fransport, aviation, agriculture, land use, and F-gases have shown
limited or no reductions overall. However, strong recent progress in electric car sales has

started to have a small positive conftribution towards emissions reduction in surface
fransport.

“ This is the change to 2022 rather than 2023.
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(a) Today's six highest-emitting sectors
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Description: Reductions in emissions since 1990 have been predominantly driven by the electricity supply and industry sectors. Emissions
in many other sectors have shown limited or no reductions overall.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics: 1990 to 2022.

Notes: (1) The land use sector is a combination of positive sources of emissions and negative sinks of emissions. (2) Agriculture, waste, F-
gases, and land use emissions go to 2022 only because the provisional 2023 estimates are not made for non-CO2 greenhouse gases.

Figure 1.4 UK emissions by sector since 1990 m

The Seventh Carbon Budget

35



Endnotes

! Copernicus Climate Change Service (2025) The 2024 annual climate summary: global climate highlights 2024.
https://climate.copernicus.eu/global-climate-highlights-2024.

2 Copernicus Climate Change Service (2024) Warmest January on record, 12-month average over 1.5°C
above preindustrial. https://climate.copernicus.eu/warmest-january-record-12-month-average-over-
15degc-above-preindustrial.

3 World Meteorological Organization (2024) State of the Global Climate 2023.
https://library.wmo.int/idurl/4/68835.

4 Palazzo Corner, S. et al (2023) The Zero Emissions Commitment and climate stabilization. Frontiers in Science.
https://doi.org/10.3389/fsci.2023.1170744.

> Rogelj, J., Schleussner, C.-F., and Hare, W. (2017) Getting it right matters: Temperature goal interpretations in
geoscience research. Geophysical Research Letters. https://doi.org/10.1002/2017GL075612.

¢ Forster, P. et al (2024) Indicators of Global Climate Change 2023: annual update of key indicators of the state
of the climate system and human influence. Earth Syst. Sci. https://doi.org/10.5194/essd-16-2625-2024.

7 Copernicus Climate Change Service (2024) Copernicus: June 2024 marks 12th month of global temperature
reaching 1.5°C above pre-industrial. https://climate.copernicus.eu/copernicus-june-2024-marks-12th-month-
global-temperature-reaching-15degc-above-pre-industrial.

8 Copernicus Climate Change Service (2025) The 2024 annual climate summary: global climate highlights 2024.
https://climate.copernicus.eu/global-climate-highlights-2024.

? United Nations Environment Programme (2023) Emissions Gap Report 2023: Broken Record — Temperatures hit
new highs, yet world fails to cut emissions (again). https://doi.org/10.59117/20.500.11822/43922.

10 United Nations Environment Programme (2024) Emissions Gap Report 2024: No more hot air ... please! With a
massive gap between rhetoric and reality, countries draff new climate commitments.
https://doi.org/10.59117/20.500.11822/46404.

' International Energy Agency (2024) World Energy Outlook 2024. https://www.iea.org/reports/world-energy-
outlook-2024.

12 Met Office (2023) What do we mean by a climate tipping pointe
https://www.metoffice.gov.uk/blog/2023/what-do-we-mean-by-a-climate-tipping-point.

13 Schleussner, C.-F. et al (2024) Overconfidence in climate overshoot. Nature. https://doi.org/10.1038/s41586-
024-08020-9.

4 Intergovernmental Panel on Climate Change (2021) Summary for Policymakers. Climate Change 2021: The
Physical Science Basis. Contribution of Working Group [ to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. https://www.ipcc.ch/report/aré/wgl/.

15 Smith, C. et al (2024) Climatelndicator/data: Indicators of Global Climate Change 2023 revision
(v2024.05.29b). Zenodo. https://doi.org/10.5281/zenodo.11388387.

36 The Seventh Carbon Budget


https://climate.copernicus.eu/global-climate-highlights-2024
https://climate.copernicus.eu/warmest-january-record-12-month-average-over-15degc-above-preindustrial
https://climate.copernicus.eu/warmest-january-record-12-month-average-over-15degc-above-preindustrial
https://library.wmo.int/idurl/4/68835
https://doi.org/10.3389/fsci.2023.1170744
https://doi.org/10.1002/2017GL075612
https://doi.org/10.5194/essd-16-2625-2024
https://climate.copernicus.eu/copernicus-june-2024-marks-12th-month-global-temperature-reaching-15degc-above-pre-industrial
https://climate.copernicus.eu/copernicus-june-2024-marks-12th-month-global-temperature-reaching-15degc-above-pre-industrial
https://climate.copernicus.eu/global-climate-highlights-2024
https://doi.org/10.59117/20.500.11822/43922
https://doi.org/10.59117/20.500.11822/46404
https://www.iea.org/reports/world-energy-outlook-2024
https://www.iea.org/reports/world-energy-outlook-2024
https://www.metoffice.gov.uk/blog/2023/what-do-we-mean-by-a-climate-tipping-point
https://doi.org/10.1038/s41586-024-08020-9
https://doi.org/10.1038/s41586-024-08020-9
https://www.ipcc.ch/report/ar6/wg1/
https://doi.org/10.5281/zenodo.11388387

16 Friedlingstein et al. (2024) Global Carbon Budget 2024, Earth Syst. Sci. (preprint) https://doi.org/10.5194/essd-
2024-519.

7 Intergovernmental Panel on Climate Change (2021) Summary for Policymakers. Climate Change 2021: The
Physical Science Basis. Contribution of Working Group [ to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. https://www.ipcc.ch/report/aré/wgl/.

18 Crippa et al. (2024) GHG emissions of all world countries. Publications Office of the European Union,
Luxembourg. https://doi.org/10.2760/4002897.

17 GUtschow, J., Busch, D., Pfluger, M. (2024) The PRIMAP-hist national historical emissions time series v2.6 (1750-
2023). Zenodo. https://doi:10.5281/zenodo.13752654.

20 Smith, C. et al (2024) Climatelndicator/data: Indicators of Global Climate Change 2023 revision
(v2024.05.29b). Zenodo. https://doi.org/10.5281/zenodo.11388387.

21 GUtschow, J., Pfluger, M. (2022) The PRIMAP-hist national historical emissions time series v2.4 (1750-2021).
Zenodo. https://doi:10.5281/zenodo.7179775.

22 GUtschow, J., Busch, D., Pfliger, M. (2024) The PRIMAP-hist national historical emissions time series v2.6 (1750-
2023). Zenodo. https://doi:10.5281/zenodo.13752654.

23 World Bank (2023) Population, Total. https://data.worldbank.org/indicator/SP.POP.TOTL. (Accessed: 10
December 2024).

24 International Energy Agency (2024) World Energy Outlook 2024. https://www.iea.org/reports/world-energy-
outlook-2024.

25 Bloomberg New Energy Finance (2024) New Energy Outlook 2024. https://about.bnef.com/new-energy-
outlook/. (Accessed: 10 December 2024).

26 United Nations Framework Convention on Climate Change (2024) Nationally determined contributions
under the Paris Agreement. Synthesis report by the secretariat. https://unfccc.int/documents/641792.

27 Riahi, K. et al (2022) Mitigation pathways compatible with long-term goals. In IPCC, 2022: Climate Change
2022: Mitigation of Climate Change. Contribution of Working Group Il to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK and New York,
NY, USA. doi: 10.1017/9781009157926.005.

28 O'Neill, B. et al (2022) Key Risks Across Sectors and Regions. In: Climate Change 2022: Impacts, Adaptation
and Vulnerability. Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 2411-
2538, doi:10.1017/9781009325844.025.

29 Burke, M., Hsiang, S., and Miguel, E. (2015) Global non-linear effect of temperature on economic production.
Nature 527, 235-239. https://doi.org/10.1038/nature15725.

30 Trust, S. et al (2023) The emperor’s new climate scenarios. https://actuaries.org.uk/emperors-new-climate-
scenarios.

31 Trust, S. et al (2024) Climate scorpion: the sting is in the tail. https://actuaries.org.uk/media/glgevrfa/climate-
scorpion.pdf.

The Seventh Carbon Budget 37


https://doi.org/10.5194/essd-2024-519
https://doi.org/10.5194/essd-2024-519
https://www.ipcc.ch/report/ar6/wg1/
https://doi.org/10.2760/4002897
https://doi:10.5281/zenodo.13752654
https://doi.org/10.5281/zenodo.11388387
https://doi:10.5281/zenodo.7179775
https://doi:10.5281/zenodo.13752654
https://data.worldbank.org/indicator/SP.POP.TOTL
https://www.iea.org/reports/world-energy-outlook-2024
https://www.iea.org/reports/world-energy-outlook-2024
https://about.bnef.com/new-energy-outlook/
https://about.bnef.com/new-energy-outlook/
https://unfccc.int/documents/641792
https://doi.org/10.1038/nature15725
https://actuaries.org.uk/emperors-new-climate-scenarios
https://actuaries.org.uk/emperors-new-climate-scenarios
https://actuaries.org.uk/media/g1qevrfa/climate-scorpion.pdf
https://actuaries.org.uk/media/g1qevrfa/climate-scorpion.pdf

32 United Nations Environment Programme (2023) Emissions Gap Report 2023: Broken Record — Temperatures hit
new highs, yet world fails to cut emissions (again). https://doi.org/10.59117/20.500.11822/43922.

33 World Resources Institute (2022) Climate Watch Historical GHG Emissions.
https://www.climatewatchdata.org/ghg-emissions. (Accessed: 10 December 2024).

34 Climate Action Tracker (2024) China. https://climateactiontracker.org/countries/china/. (Accessed: 10
December 2024).

35 Myllyvirta, L. (2024) Analysis: Monthly drop hints that China’s CO2 emissions may have peaked in 2023.
Carbon Brief. https://www.carbonbrief.org/analysis-monthly-drop-hints-that-chinas-co2-emissions-may-have-

peaked-in-2023/.

3¢ United States Energy Information Administration (2024) What's driving decreasing gasoline consumption in
China? https://www.eia.gov/todayinenergy/detail.php2id=63764.

37 King, B. (2024) Rhodium Group - Taking Stock 2024: US Energy and Emissions Outlook.
https://rhg.com/research/taking-stock-2024/.

38 Clean Investment Monitor (2024) Clean Investment Monitor: Q3 2024 Update.
https://www.cleaninvestmentmonitor.org/reports/clean-investment-monitor-q3-2024-update.

3% Climate Action Tracker (2024) EU. https://climateactiontracker.org/countries/eu/. (Accessed: 10 December
2024).

40 European Parliament (2024) Energy policy: general principles.
https://www.europarl.europa.eu/factsheets/en/sheet/68/energy-policy-general-principles. (Accessed: 10
December 2024).

4l International Energy Agency (2024) Breakthrough Agenda Report 2024.
https://www.iea.org/reports/breakthrough-agenda-report-2024.

42 International Energy Agency (2024) World Energy Investment 2024. https://www.iea.org/reports/world-
energy-investment-2024.

43 Intergovernmental Panel on Climate Change (2021) Summary for Policymakers. In: Climate Change 2021
The Physical Science Basis. Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. https://www.ipcc.ch/report/aré/wgl/.

44 Friedlingstein, P. et al (2024) Global Carbon Budget 2024, Earth Syst. Sci. (preprint)
https://doi.org/10.5194/essd-2024-519.

45 United Nations Environment Programme (2024) Emissions Gap Report 2024: No more hot air ... please! With a
massive gap between rhetoric and reality, countries draff new climate commitments.
https://doi.org/10.59117/20.500.

46 International Energy Agency (2024) World Energy Outlook 2024. https://www.iea.org/reports/world-energy-
outlook-2024.

47 United Nations Environment Programme (2015) The Emissions Gap Report 2015.
https://www.unep.org/resources/emissions-gap-report-2015.

38 The Seventh Carbon Budget


https://doi.org/10.59117/20.500.11822/43922
https://www.climatewatchdata.org/ghg-emissions
https://climateactiontracker.org/countries/china/
https://www.carbonbrief.org/analysis-monthly-drop-hints-that-chinas-co2-emissions-may-have-peaked-in-2023/
https://www.carbonbrief.org/analysis-monthly-drop-hints-that-chinas-co2-emissions-may-have-peaked-in-2023/
https://www.eia.gov/todayinenergy/detail.php?id=63764
https://rhg.com/research/taking-stock-2024/
https://www.cleaninvestmentmonitor.org/reports/clean-investment-monitor-q3-2024-update
https://climateactiontracker.org/countries/eu/
https://www.europarl.europa.eu/factsheets/en/sheet/68/energy-policy-general-principles
https://www.iea.org/reports/breakthrough-agenda-report-2024
https://www.iea.org/reports/world-energy-investment-2024
https://www.iea.org/reports/world-energy-investment-2024
https://www.ipcc.ch/report/ar6/wg1/
https://doi.org/10.5194/essd-2024-519
https://doi.org/10.59117/20.500
https://www.iea.org/reports/world-energy-outlook-2024
https://www.iea.org/reports/world-energy-outlook-2024
https://www.unep.org/resources/emissions-gap-report-2015

48 University of Bristol, University of Exeter, and Met Office Hadley Centre (2023) Reviewing climate change
attribution in UK natural hazards and their impacts. https://www.ukclimaterisk.org/publications/reviewing-
climate-change-attribution-in-uk-natural-hazards-and-their-impacts/.

47 Kendon, M. et al (2024) State of the UK Climate 2023. International Journal of Climatology.
https://doi.org/10.1002/joc.8553.

50 Kendon, M. et al (2024) State of the UK Climate 2023. International Journal of Climatology.
https://doi.org/10.1002/joc.8553.

51 Kendon, M. et al (2024) State of the UK Climate 2023. International Journal of Climatology.
https://doi.org/10.1002/joc.8553.

52 Met Office (2024) Past weather events. https://www.metoffice.gov.uk/weather/learn-about/past-uk-
weather-events. (Accessed: 10 December 2024).

53 Howarth C et al. (2024) Turning up the heat: Learning from the summer 2022 heatwaves in England to inform
UK policy on extreme heat. London: Grantham Research Institute on Climate Change and the Environment,
London School of Economics and Political Science. https://www.lse.ac.uk/granthaminstitute/wp-
content/uploads/2024/02/Turning-up-the-heat-learning-from-the-summer-2022-heatwaves-in-England-to-
inform-UK-policy-on-extreme-heat.pdf.

%4 UK Government (2022) UK Climate Change Risk Assessment 2022.
https://www.gov.uk/government/publications/uk-climate-change-risk-assessment-2022.

55 Crippa et al. (2024) GHG emissions of all world countries, Publications Office of the European Union,
Luxembourg, doi:10.2760/4002897, JRC138862.

56 Friedlingstein, P. et al (2023) Global Carbon Budget 2023, Earth Syst. Sci. https://doi.org/10.5194/essd-15-
5301-2023.

57 Climate Change Committee (2008) Building a low-carbon economy — the UK’s contribution to tackling
climate change. https://www.theccc.org.uk/publication/building-a-low-carbon-economy-the-uks-
contribution-to-tackling-climate-change-2/.

58 Climate Change Committee (2010) The Fourth Carbon Budget — reducing emissions through the 2020s.
https://www.theccc.org.uk/publication/the-fourth-carbon-budget-reducing-emissions-through-the-2020s-2/.

5? Climate Change Committee (2015) Advice on the fifth carbon budget.
https://www.theccc.org.uk/publication/the-fifth-carbon-budget-the-next-step-towards-a-low-carbon-

economy/.

¢ Climate Change Committee (2020) Sixth Carbon Budget. https://www.theccc.org.uk/publication/sixth-
carbon-budget/.

61 UK Government (2009) The Carbon Budget Order 2009.
https://www.legislation.gov.uk/uksi/2009/1259/made.

62 UK Government (2011) The Carbon Budget Order 2011.
https://www.legislation.gov.uk/uksi/2011/1603/made.

63 UK Government (2016) The Carbon Budget Order 2016. https://www.legislation.gov.uk/uksi/2016/785/made.

¢4 UK Government (2021) The Carbon Budget Order 2021.
https://www .legislation.gov.uk/uksi/2021/750/contents/made.

The Seventh Carbon Budget 39


https://www.ukclimaterisk.org/publications/reviewing-climate-change-attribution-in-uk-natural-hazards-and-their-impacts/
https://www.ukclimaterisk.org/publications/reviewing-climate-change-attribution-in-uk-natural-hazards-and-their-impacts/
https://doi.org/10.1002/joc.8553
https://doi.org/10.1002/joc.8553
https://doi.org/10.1002/joc.8553
https://www.metoffice.gov.uk/weather/learn-about/past-uk-weather-events
https://www.metoffice.gov.uk/weather/learn-about/past-uk-weather-events
https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2024/02/Turning-up-the-heat-learning-from-the-summer-2022-heatwaves-in-England-to-inform-UK-policy-on-extreme-heat.pdf
https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2024/02/Turning-up-the-heat-learning-from-the-summer-2022-heatwaves-in-England-to-inform-UK-policy-on-extreme-heat.pdf
https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2024/02/Turning-up-the-heat-learning-from-the-summer-2022-heatwaves-in-England-to-inform-UK-policy-on-extreme-heat.pdf
https://www.gov.uk/government/publications/uk-climate-change-risk-assessment-2022
https://doi.org/10.5194/essd-15-5301-2023
https://doi.org/10.5194/essd-15-5301-2023
https://www.theccc.org.uk/publication/building-a-low-carbon-economy-the-uks-contribution-to-tackling-climate-change-2/
https://www.theccc.org.uk/publication/building-a-low-carbon-economy-the-uks-contribution-to-tackling-climate-change-2/
https://www.theccc.org.uk/publication/the-fourth-carbon-budget-reducing-emissions-through-the-2020s-2/
https://www.theccc.org.uk/publication/the-fifth-carbon-budget-the-next-step-towards-a-low-carbon-economy/
https://www.theccc.org.uk/publication/the-fifth-carbon-budget-the-next-step-towards-a-low-carbon-economy/
https://www.theccc.org.uk/publication/sixth-carbon-budget/
https://www.theccc.org.uk/publication/sixth-carbon-budget/
https://www.legislation.gov.uk/uksi/2009/1259/made
https://www.legislation.gov.uk/uksi/2011/1603/made
https://www.legislation.gov.uk/uksi/2016/785/made
https://www.legislation.gov.uk/uksi/2021/750/contents/made

_‘ »
3
.,h
-
3
. €
Y /
a a‘
4 TR
" &
_ t
A : = | wr=
E
1.w.‘\ r}
= |
4 2 -4
o
8
3
£ — ,. 4 . \
_ . Wl
- h.?l. : 7
7
\. *a
" - i .
Ny 3
S ; .‘e
f F / s A ..
: : -
T nn‘
| e
A a5 4
PR ul.
3 ¢
1
g




Chapter 2: Developing a pathway to Net
Lero and the Seventh Carbon Budget

Infroduction and key messages

This chapter sets out our approach to developing our Balanced Pathway, which provides the basis
for our recommendation on the level of the Seventh Carbon Budget.

Our key messages are:

¢ The Balanced Pathway is an ambitious, deliverable pathway for the UK to reach Net Zero
by 2050, based on detailed modelling of cost-effective, feasible decarbonisation options.

* The pathway is made up of the roll-out of low-carbon technologies and land-based
measures, and reductions in demand for high-carbon activities. Our analysis is based on a
broad range of evidence and data and has been validated through consideration of
historical and international comparisons, stakeholder engagement, and a citizens’ panel.

* Most emissions can be eliminated through cost-effective and feasible options to almost
completely decarbonise the majority of sectors. Some emissions are expected to remain in
sectors with no credible way to completely decarbonise by 2050. Our pathway explores the
best balance between credible emissions reduction opfions and greenhouse gas (GHG)
removals fo counteract unavoidable residual emissions.

Our Methodology Report contains further details of our analytical approach.

2.1 Baseline emissions with no further
decarbonisation action

2.1.1 The role of a baseline in our analysis

We compare our modelled pathway to Net Zero with a hypothetical baseline pathway that does
not include further climate action, enabling us to calculate the required abatement, investment
needs, costs, and savings associated with the future actions to reduce UK GHG emissions.

In our baseline, low-carbon technologies generally remain af today's stock levels and today’s
efficiencies.” Projections for baseline emissions over time are based on projected changes to factors
such as population, GDP, the warming climate, and fuel prices. Overall, this generally leads to a
gradual increase in baseline emissions over tfime, although there are differences in each sector.
There is also considerable uncertainty associated with the impact of many of these factors, which
we address in Chapter 6. As our baseline reflects the latest evidence on the current stock share of
low-carbon technologies and demand for high-carbon activities, it includes progress that has been
made over recent years and therefore differs from that used in previous carbon budget advice.

" Where we refer to ‘today’, we typically mean the latest year for which data was available at the time of analysis. In most
sectors this is 2023, but in some areas it will be 2022.
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Our approach to constructing a baseline allows us to demonstrate the full range of actions needed
to reduce emissions, without taking a view as to whether they are driven by policy or markets. As a
result, the full range of abatement actions that are required fo move from today’s world to Net Zero
can be quantified and costed within our pathway. Our baseline is not infended as a projection of
what may happen based on current frends or markets. This differs from other baseline definitions:

e The Government's Carbon Budget Delivery Plan uses a baseline derived from their Energy
and Emissions Projections (EEP), which includes estimated emissions reductions from existing
and some planned policies.!

¢ Some baseline definitions (including those used in government policy appraisal) include a
projected uptake of low-carbon technologies in the absence of new policy.2 For example,
they would predict arise in sales of electric vehicles (EVs).

2.1.2 Emissions in our baseline

In our baseline, emissions grow steadily o 16% above 2023 levels by 2050. This is driven mainly by the
baselines for surface transport and aviation, which rise in line with population and GDP.

¢ In most sectors, our baseline assessment is based on either published government scenarios
or government modelling. This provides a common basis for interpreting our advice.

— This includes the industry, agriculture, fuel supply, waste, and non-residential buildings
sectors, for which we use EEP scenarios excluding emissions savings associated with
any policies that go beyond those already being realised today.

— In surface transport, we assume the vehicle fleet remains split among powertrains as it
is today and use the core forecast from the Department for Transport’s (DfT) National
Road Traffic Projections - adjusted to match the latest actual data - to give the levels
of traffic demand.?

— Our aviation and shipping baselines are based on bespoke runs of DT models,
assuming no change in fleet makeups and demand primarily driven by GDP growth.”

— For electricity supply, our baseline comes from modelling undertaken for us by AFRY,
using their BID3 model which is also used by the Department for Energy Security and
Net Zero (DESNZ).4 It uses the level of electricity demand modelled in our baselines
across sectors and assumes that new low-carbon generation is only deployed to
replace existing low-carbon assets at end-of-life.

¢ In the other sectors, we developed our baseline using in-house or commissioned models.

— Inresidential buildings, we commissioned Kamma to produce a baseline dataset
representing today’s building stock. The fabric of, and types of heating system used by,
these existing buildings are assumed to remain the same over time, with demand for
heating slightly declining as the climate warms. The housing stock grows in line with
projected future housebuilding rates, with new builds using gas heating.

— Our land use baseline is based on modelling by the UK Centre for Ecology and

Hydrology. This is calibrated against the most recent inventory estimates of land use
sources and sinks and projects forward recent frends in what land is being used for.

" In aviation, a small annual improvement to aircraft efficiencies is built into the DfT model and therefore into our baseline.
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— For F-gases, our baseline was produced by Ricardo, considering population changes
and European legislation which is already affecting component design.

— The baseline includes no engineered removals as these have not yet been deployed in
the UK.

2.2 Developing our Balanced Pathway

2.2.1 Approach to pathway analysis

Our advice on the level of the Seventh Carbon Budget is informed by an updated Balanced
Pathway. This is an ambitious, deliverable pathway that represents our assessment of the UK's best
path to reach Net Zero by 2050, based on the latest evidence and data.

¢ The pathway is developed by dividing the UK's emissions into sectors of the economy and
determining credible emissions reductions for each from 2025 to 2050. In each sector, we
start from the baseline and consider which emissions reduction options would be most
suitable.

— In many of the sectors that currently dominate the UK's emissions, including surface
fransport, buildings, industry, and electricity supply, cost-effective options are expected
to be available to almost completely decarbonise the sector. The pathway therefore
explores options fo achieve this.

— Some emissions are expected to remain in sectors with no credible way to completely
decarbonise, including agriculture, aviation, waste, and land use sources. Our
pathway explores the best balance between credible options to reduce emissions and
balancing these with greenhouse gas removals, both in ‘nature’ (via carbon
sequestration in land use sinks) and ‘engineered removals’ (such as approaches
utilising carbon capture and storage (CCS)).

¢ Interactions between sectors are captured through modelling of the energy system
required to supply the energy used in each sector. This includes consideration of the roll-out
of low-carbon electricity generation, the role of flexibility in supply and end-use sectors, and
other low-carbon energy carriers (for example, low-carbon hydrogen).

* Informing judgements on feasible actions for inclusion in our pathway, we consider a range
of evidence, including the projected pace of technology development, possible shifts in
societal aftitudes, data on costs and choices, current and historical frends, and examples
of progress in other countries. We have engaged with a broad range of stakeholders from
across government, industry, and wider society fo validate assumpftions, and we convened
a cifizens' panel to explore the question of what an accessible and affordable vision of Net
Zero would be for households.”

2.2.2 Key drivers and constraints in our modelling

We consider two broad types of emissions reduction action in our pathway:*

" The citizens' panel did not focus on appropriate levels of action (for example, the level of meat reduction or pace of heat
pump deployment), but took these as given, and explored what would make these actions accessible and affordable.

" There are interdependencies between these actions (for example, technology can enable reductions in demand).
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¢ Roll-out of low-carbon technologies and land-based actions. This includes the roll-out of
electric and other low-carbon technologies and greenhouse gas removals, enabled by
building a system that meets the required energy demand using a resilient mix of low-
carbon sources. Credible roll-out rates depend on both the available supply of low-carbon
technologies and the demand for them. Similar roll-out considerations also apply to actions
within nature that can store carbon in land-based sinks or reduce emissions from land.

* Reducing demand for high-carbon activities. This depends on sustained household and
business choices to reduce high-carbon activities. We include measures to improve the
efficiency with which high-carbon technologies are used within this area.”

When determining whether or when an option is suitable for inclusion in our pathway, we take an
evidence-driven approach to assess an ambitious but deliverable level and pace of uptake. For
both low-carbon technologies and reducing demand, we base our assessment on what has been
achieved or evidenced to date. For low-carbon technologies, this involves relying on technologies
that we can confidently assume will be ready to operate at scale before 2050 and assessing
credible rates of uptake; for reducing demand, this involves considering successful case studies as
well as current and historical frends and social research to assess what sustained shifts in choices
could feasibly be achieved by 2050. Our approaches in each area are outlined in Section 2.3 and
Section 2.4.

2.2.3 Factors that we consider in developing an emissions pathway

Under the Climate Change Act, carbon budgets must take account of a range of matters. We
have considered all of these in our analysis:

* Scientific knowledge about climate change. The latest scientific understanding is
summarised in Section 1.1. The 2050 Net Zero target, the UK's NDCs, and the Sixth Carbon
Budget remain consistent with this - our analysis determines an ambitious, deliverable
pathway to meet these in a cost-effective manner.

¢ Technology relevant to climate change. Our approach to modelling tfechnology roll-out
and the constraints that determine this is outlined in the following section, Section 2.3, as
well as in the sectoral sections in Chapter 7.

e Economic circumstances. The costs and cost savings of the pathway are set out in Chapter
4, while the investment opportunities arising from these and the impact on the economy,
businesses, and workers are assessed in Chapter 9.

¢ Fiscal circumstances. Fiscal impacts, including impacts on public spending, are assessed in
Section 4.3. Some possible uses of taxation are discussed in Chapter 8.

¢ Social circumstances. Chapter 8 explores the impacts of the pathway on households. This
includes impacts on groups with protected characteristics and wider distributional impacts,
while we consider impacts on fuel poverty in Section 7.2. Section 2.3, Section 2.4, and the
sectoral sections in Chapter 7 discuss the role household and business choices play in our
modelling.

e Energy policy. Our analysis of the electricity and fuel supply sectors is set out in Section 7.5
and Section 7.7, respectively. In addition, what the pathway means for overall demand for
different energy carriers and its implications for energy security are explored in Section 10.2.

" In our emissions modelling, we generally account for emissions reductions due to measures to reduce demand for high-
carbon activities (including low-carbon choices and efficiencies) first, before the impact of low-carbon technologies. The
abatement for these measures therefore shows what these measures would achieve with the baseline mix of technologies.
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* Differences in circumstances between England, Wales, Scotland, and Northern Ireland. We
summarise how the different circumstances in each nation are reflected in our analysis in
Section 3.4. Emissions pathways for Scotland, Wales, and Northern Ireland will be published
in separate advice reports to the devolved administrations later in 2025.

¢ Circumstances at European and international level. Section 1.1 outlines the current
international context, while Section 10.1 assesses how our pathway fits within this context.

* International aviation and shipping. The contribution of international aviation and shipping
emissions to the recommended budget level is discussed in Section 3.1, while our analytical

approach fo these sectors is set out in Section 7.6 and Section 7.10.

There is clearly considerable uncertainty around how factors such as costs and feasibility will
develop over a 25-year fimeframe. We explore this in Chapter 6.

2.3 Roll-out of low-carbon technologies and land-
based actions

Our pathway depends on the rate of roll-out of a range of low-carbon technologies and land-
based actions. It will be important to monitor indicators of technology development and uptake, as
well as leading indicators (where available) of supply and demand. We discuss this in Chapter 5.

2.3.1 Low-carbon technologies

All of the technologies that we need already exist in some form: many are commercially viable and
can be deployed at scale today; others are commercially viable but yet to be deployed at scale;
and some novel tfechnologies have been prototyped and demonstrated but require further support
and refinement to commercialise. We also expect developments to result in improvements to
existing technological solutions and to offer new options. We avoid relying heavily on speculative
future technological advances lacking a firm evidence base.

There are two key components to our analysis of technology roll-out: cost effectiveness (both as a
snapshot and from a dynamic perspective) and feasibility constraints on the pace of investment
and delivery (both supply-side and demand-side). There have been substantial cost reductions in
many low-carbon technologies over recent years. As a result, it is often feasibility constraints that
are binding in defermining the shape of the deployment pathways for many technologies.

Cost effectiveness

When consfructing our sectoral pathways, consideration is given to the most cost-effective choice
between alternative credible low- or zero-carbon technologies and emissions reduction measures,
and to the timing of roll-out.

* Snapshot cost effectiveness: in general, we consider technologies for inclusion in the
pathway only once they become cost effective compared to the UK Government’s
‘target-consistent’ carbon values.®

— We assess this by comparing the abatement cost of a new unit of tfechnology (see
Section 4.2.1) with the Government’s carbon values, which represent the value that UK
society places on avoiding emitting 1 tCOze. They were developed by the UK
Government to be consistent with the 2050 Net Zero target and to take a least-cost
approach to minimising cumulative emissions over the period to 2050.
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— A measure can be cost effective despite being more expensive than its high-carbon
alternative if the cost difference is lower than the implied cost saving from reducing
emissions. This will happen in the early stages of many technology roll-outs, and
provides justification for incentives/regulations to enable uptake sooner than might
occur if relying on financial costs alone. In many cases, this will help to drive costs
down, resulting in low-carbon technologies eventually becoming cost saving. We do
not directly calculate this spillover benefit in our cost effectiveness assessment, but we
take it intfo account in our assessment of dynamic cost effectiveness (see below).

— For many technologies (including solar, wind turbines, and batteries), consistent and
rapid cost reductions have been seen over the past 20 years.s” We project how costs
could develop in our pathway based on observed learning rates and expectations
about how these may confinue. Recent research found that the potential scale of cost
reductions could be greater than considered in most energy-economy models.8

— Many key measures (including EVs and heat pumps in new homes) have already
reached snapshot cost effectiveness for at least some parts of the market. By the
Seventh Carbon Budget period, this will be true in even more cases. At that point,
feasibility constraints often play a more binding role in determining roll-out rates.

- In cases where multiple competing low-carbon tfechnologies are credible, we consider
the costs and feasibility of each and generally select the most cost-effective feasible
mix (for instance choosing electrification, hydrogen, or CCS across different industrial
sites). Where one technology is already being deployed at scale and is clearly
expected to dominate the market (as is the case with EVs), we focus on this in
preference to more niche options, while in some cases where technologies are at an
earlier stage of development (such as solid versus liquid direct air carbon capture and
storage (DACCS))., we impose a split choice in our modelling to maintain optionality,
reflecting current uncertainty.

¢ Dynamic cost effectiveness: while the carbon values provide a snapshoft view of cost
effectiveness, taking this approach alone can miss the benefits of early action in opening
up additional opportunities for emissions reductions later on or cost reductions that could
reduce the overall cost of reaching Net Zero. Therefore, where key early actions are not
cost effective in a given year but result in lower costs in future years, they may be included.

— Examples in our pathway include early action to decarbonise public buildings, which
can help build supply chains to lower costs for commercial and domestic premises,
and deployment of DACCS, which begins before snapshot cost effectiveness to
enable operation at scale by the time it is cost effective.

There are a small number of cases where we include in our pathway things that do not individually
achieve cost effectiveness or are less cost effective than other feasible options. These are justified
either by considering beneficial co-impacts on the wider system or to maintain optionality in an
uncertain aspect of the decarbonisation path (for example, sustainable aviation fuel (SAF)).

When considering the frade-offs between alternative technologies we are mindful that projected
costs are uncertain, and the cost of currently expensive fechnologies may fall significantly in the
future. However, if cost-effective alternatives are unlikely to be available in the near future, we
develop our pathway on the basis of a more limited set of feasible technologies.

Feasible roll-out rates

The cost of abatement is taken together with a range of other considerations to determine a
feasible, deliverable roll-out rate for each technology in our pathway. These include both supply-
and demand-side factors. The importance of each factor varies depending on the sector and is
based on the latest available evidence.
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Supply of low-carbon technologies
Supply-side factors could constrain or enable the roll-out of low-carbon technologies. They include:

¢ Maturity of technology: this means how well-established a given technology is and how this
is likely to change in the future. We only include technologies that are expected to become
sufficiently established to reach large-scale operation or adoption in the UK before 2050.

— We base this judgement on the internationally recognised system of technology
readiness levels (TRLs).” We apply a guiding threshold of TRL 6 - generally only including
technologies that we assess as being already at or above this level.” This represents
those that have reached the stage of being demonstrated in a relevant environment.

— Typical timescales for different technologies to progress from low readiness levels to
deployment at scale mean we cannoft reliably expect those currently below this
threshold to play a significant role before 2050.1° In practice, this is dependent on the
specific type of technology and market conditions, so it is possible some early-stage
technologies may progress more or less quickly than we have assumed in our
modelling.

— For emerging technologies in our pathway (those at TRL 6-7, including synthetic SAF
and DACCS), we generally seek to minimise reliance on them as a sole solution and
leave scope for optionality, for example, by including a mix of fechnologies and
options to reduce demand for high-carbon activities in our pathway.

— By conftrast, in many cases where a technology has progressed to the highest TRLs and
is being deployed at scale (for example, EVs and heat pumps), there is value in
narrowing down the option space and ensuring that policy enables rapid roll-out of
what is now becoming the clear best choice.

* Construction timelines: where the measure requires substantial new construction (of either
the measure itself or facilities to produce it), we consider the lead-times associated with this
construction. This is partficularly relevant for more complex infrastructure projects.

e Availability of energy and other resources: we consider dependency on energy supply for
energy-intensive processes, as well as whether the materials required to manufacture the
technology are sufficiently available globally and whether supply chains for the UK will be
able to scale up sufficiently quickly.

— Efficient, low-carbon, electric tfechnologies play a key role in our pathway. In our
analysis, the electricity supply sector must decarbonise the existing system; increase
supply of low-carbon electricity to meet new demands; and ensure resilience to the
effects of climate change and extfreme weather.!!

— We discuss overall demands for energy (including lower dependence on volatile
global fuel markets) and for critical minerals in Section 10.2.

" We use the International Energy Agency's framework and assessment as the basis for our TRLs, but we deviate from these in
some areas based on our understanding of the latest evidence. For example, hydrogen aircraft were excluded from
consideration because their development is not sufficiently well advanced to give confidence that they will be ready to
play a significant role by 2050. We have also minimised reliance on laboratory-grown meat, as this is likely at or below TRL 6.
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¢ Availability of skilled workers and supply chains: even when there is sufficient production
capacity, trained workers need to be available to install or maintain new technologies.
Depending on the technology, businesses may need to set up new supply chains, develop
training materials, deliver new fraining to existing workforces, or build new capacity. The
rate at which these can scale up is a key factor in determining the roll-out of heat pumps:
these are a well-established technology for home heating, but their installation at scale will
require the installer base to be retrained from primarily focussing on gas heating.!? This is
also an important factor in determining industrial decarbonisation rates.

¢ Avadilability of supporting infrastructure: in several areas, new technologies depend on wider
supporting infrastructure to be able to deliver emissions reductions.

— This is true for all technologies that rely on low-carbon energy, as the energy system
must be able to support this. It is particularly acute for renewables and industrial sites,
for which grid connections and expanded transmission capacity will be needed. 314

— Technologies that rely on storing carbon are dependent on the pace at which
geological stores and a network for tfransporting captured carbon to them can be
established. Supply of low-carbon hydrogen, including to provide storable energy and
as a feedstock for synthetic fuel, is similarly dependent on pipeline infrastructure.

¢ Planning and regulatory timescales: in some cases, the regulatory landscape will need to
evolve to accommodate new technologies and enable markets to grow. In others,
planning requirements can limit the pace of change. We generally try to ensure that
planning and regulations do not constrain roll-out rates in the pathway if government could
reasonably be expected to take fimely actions to address these barriers.

— Regulatory approval and clear business models are a prerequisite for some
technologies that have not yet entered the market.

— Delivering Net Zero will require rapid deployment of a range of new infrastructure and
assets. How these interact with the communities in which they will be located is an
important consideration, but it is also important that the planning system gives
appropriate priority fo the national importance of cutting emissions, adapting to
climate change, and enhancing biodiversity.

Demand for low-carbon technologies

Feasible roll-out rates are also determined based on factors that could affect the pace at which
consumers and businesses purchase and use low-carbon technologies effectively.” They include:

¢ Household and business costs: whether a technology will present a cost or a cost saving for
a household or a business is important if take-up relies on private decisions between low-
and high-carbon assets.

— Many of the low-carbon fechnologies in our pathway incur an upfront purchase price
premium but benefit from running cost savings. This is particularly significant for
modelling EV uptake, where the running cost savings already outweigh the upfront
price premium for some drivers.!> Our analysis of EV uptake considers the role of both
the upfront price and the total cost of ownership in determining purchase decisions.

" The inferaction between the factors described in this section can be complex in driving consumer and business purchasing
decisions. We follow a similar approach to that described for more sustained choices in Section 2.4 in developing our
evidence base for which factors are expected to determine these one-off choices.
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— Purchase prices of many technologies (including EVs) are falling quickly. While some do
remain considerably more expensive today, a key determining factor is the point at
which purchase price parity is reached. At this point, the low-carbon option will clearly
be the cheaper option, given the running cost savings described above. As
households tend to focus more on upfront costs, they may be reluctant to purchase
the technology until this parity is reached.é17

— For technologies where this does not occur quickly (such as heat pumps), regulation
and market mechanisms can accelerate cost reductions and purchase incentives
from government can help close the gap (see Chapter 5 on delivery). For some
technologies, purchase price parity may not be reached before 2050. In that case,
there may be an ongoing role for incentives, price-based levers (such as the UK
Emissions Trading Scheme (UK ETS)), or mechanisms to distribute upfront costs across
asset lifetimes (for instance, heat as a service). In such cases, we consider different
options for government or households/businesses to pay, taking account of
distributional and fiscal impacts (see Chapter 4 on costs and Chapter 8 on household
impacts).

e Social acceptability and consumer preferences: in addition to purchase price and running
costs, cultural and social norms and perceptions of technologies, as well as individual
attitudes, play a role in determining the pace at which new technologies are adopted.

— Most new technologies follow an ‘S-curve’ adoption profile, whereby roll-out begins
with a slow ramp-up among innovators and early adopters, followed by a rapid
acceleration as the technology hits mass market and then a slowdown as the final
groups, more resistant or less able to adopt new technologies, are reached.81? This
typically reflects both changes in purchase price of new technologies as well as
changing social norms and afttitudes towards those technologies.

— Consumers are also likely fo consider wider benefits and impacts of low-carbon
technologies. In many cases, these offer additional advantages (for example, a better
driving experience in EVs or improved indoor air quality from heat pumps). However,
some technologies (for example, low-carbon heating systems) may present additional
barriers fo consumers such as a more complex installation process.

— To reach mass market adoption, consumers and businesses need to have familiarity
with a low-carbon technology, and then confidence that low-carbon technologies
can meeft their needs.20 Familiarity and confidence can take time to develop, and
then accelerate through spillover effects and increased exposure.?!

— There is already strong public awareness of climate change and Net Zero in the UK.22 It
is possible that societal norms and consumer preferences will increasingly shiftf towards
low-carbon choices, accelerating the roll-out of certain technologies (as with the
increasing acceptance of LED light bulbs over the past decade or increasing
consumer preference for EVs in Norway).2324 Effective consumer and business advice
will be needed to enable this to happen consistently.

¢ Natural stock turnover and early scrappage: in many cases, low-carbon technologies are
replacing existing high-carbon alternatives. In general, our modelling assumes this occurs
only at the end of their physical lifetime.

— This is the case for key consumer fechnologies such as cars and heat pumps - our

pathway does not require people’s current cars or boilers o be replaced earlier than
their natural replacement cycles.
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— We include limited early scrappage in the non-residential buildings and industry
sectors. Many of these premises are significant users of energy, so replacing high-
carbon systems early can deliver large emissions savings. Mechanisms such as the UK
ETS and low-carbon heating policies will be needed to ensure businesses are properly
incentivised to do this when required. We also explore potential additional benefits of
limited early scrappage in surface tfransport and residential buildings in our
contingency options in Chapfter 6.

In addition, existing or expected policy commitments (including government targets, regulations,
and mandates) can set expectations for suppliers and consumers, affecting the pace at which roll-
out occurs. Clear, consistent targets and messaging provide clarity to industry on timelines for
scaling up supply and to consumers on expected technology availability. This builds confidence in
the direction-of-fravel and can help speed up roll-out.2> Examples include existing targets on zero-
emission vehicles and SAF and phase-out dates for new fossil fuel vehicles and boilers.

Key low-carbon technology roll-outs in the Balanced Pathway

The key constraints and enablers that determine the roll-out of some key technologies in our
Balanced Pathway are set out in Table 2.1. Further discussion of the technologies assumed and the
main factors determining roll-out rates can be found in Chapter 7.

Table 2.1
Factors that determine roll-out rates of key technologies in the Balanced Pathway

Supply-side Demand-side

Maturity of
technology
Construction
timescales
Energy and
other resources
Skilled workers
and supply
Supporting
infrastructure
Planning and
regulatory
timescales
Social cost
effectiveness
Household/
business cost
Consumer
preferences
Natural stock
turnover
scrappage*
Existing policy
commitments

(%]
9
e

e}

2

o

=

7]
o

Grid and
connections

Charging
network

Heat pumps
- residential

Suitability for
homes; level
of demand

Heat pumps
residential
Suitability for
premises
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Industrial

Low-carbon
hydrogen

CCs

Alternative
proteins

Legend:

Factors included within our roll-out modelling.

Key factors that determine the pathway in our roll-out modelling.

Factors that are not explicitly constraints in our roll-out modelling, but we do assume that these develop at the rates required.

Notes: *In general, our modelling assumes that existing assets are replaced only at end-of-life. We include limited early scrappage in the non-residential
buildings and industry sectors but constrain this to happen only when cost effective and feasible. 1Our pathway does not meet the SAF mandate
targets, but these are used to inform our assessment of the credible pace of scale-up of SAF production. In all cases shown, multiple factors play a key
role in our modelling - the relative importance of these factors and how they combine fo determine roll-out rates vary over the pathway and often
between different settings in which the technology is being deployed.

2.3.2 Nature

Woodland creation, peatland restoration, and other land use changes can build the UK's land use
sinks by enabling them to sequester more CO2 and reducing emissions that come from land use.
We follow a similar approach to that described for technology roll-outs above to determine
feasible planting and restoration rates.

e Our analysis is based on an assessment of the existing and credible future availability of
land for each purpose, which provides a starting point for assessing what changes can be
achieved. As part of this, we consider differences in land type between the four nations of
the UK. This allows for a more resilient mix of measures that are suitable for the land types
available.
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Skilled workers and supply chains are key constraining factors in many cases. For example,
for woodland creation, nursery and contractor capacity constrain the pace at which trees
can be planted.?¢

We also ensure that the actions included are consistent with wider environmental
objectives, as land-based actions, if planned and delivered appropriately, can offer wider
benefits to nature alongside delivering emissions reduction and carbon sequestration.

— This includes following regulatory principles in assessing credible land-based actions,
where these are available and considered robust (see Section 5.3, Box 5.1).

— We discuss the interaction of our pathway with wider nature objectives further in
Section 7.4.3.

2.4 Reducing demand for high-carbon activities

Our sectoral pathways include feasible reductions in demand for high-carbon activities, through
both sustained low-carbon choices and increasing efficiencies. Just as with technology roll-out, it
will be important to monitor delivery progress - this is considered in Chapter 5.

2.4.1 Sustained low-carbon choices

Our assessment of feasible sustained shifts away from high-carbon activities is based on relevant
comparable evidence, considering observed shiffs and necessary enabling conditions.

Reducing demand for high-carbon activities can constitute a switch to a low-carbon
alternative (for example, from car to public transport), a reduction in a high-carbon activity
(for example, reducing flying), or a combination of the two. When considering a switch, we
consider what conditions would need to be in place for the low-carbon choice to be easy,
attractive, and affordable to enable people to shift and sustain habits.

These sustained low-carbon choices can be enabled by technological and market-driven
shifts in consumer preferences, changing societal norms, public information, regulation, and
price incentivisation.” We consider sustained low-carbon choices as an option to reduce
emissions where there is a technological solution, but more efficient alternative approaches
help reduce emissions along the path to Net Zero (for example, reducing waste or switching
from car to public tfransport) or where there is no technological solution in our pathway to
completely eliminate emissions (as in aviation and meat and dairy production).

For many demand-side measures, costs and cost savings accrue less directly, can be spread across
the system (as with network benefits from public fransport), and are difficult fo quantify.27:28 We
typically do not attempt to quantify cost effectiveness of these measures directly. Instead, we draw
on arange of evidence such as trends, case studies, behavioural science, and wider evidence.

Observed shifts and wider impacts

To inform our assessment, we consider relevant comparable evidence that shows what shifts can
be delivered and theirimpacts. These include:

" This section covers our approach to shifts that involve repeatedly choosing lower-carbon alternatives or a repeated overall
reduction in high-carbon activities. It does not include the role of choices in one-off purchases of low-carbon technology
(for example, purchase of a heat pump or an EV), which fall within the considerations for tfechnology roll-out in Section 2.3.
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International and domestic case studies: we consider case studies where strong
performance is already being seen as well as comparable shifts that have been observed
historically. In each case, we consider how comparable these are to the present UK context
and the actions that would be needed to enable similar outcomes to be achieved.

Current frends and consumer preferences: as for tfechnology choice, societal norms and
public aftitudes towards low- and high-carbon options play a role in how choices develop.

— Where consumer attitudes are already moving towards lower-carbon alternatives,
there are opportunities to build on these. This is the case, for example, with recent
trends around increased focus on sustainability in consumer food choices.??

— In some cases, there is latent potential for people wanting to adopt low-carbon
choices, but other barriers (such as affordability or availability) currently hinder this.3°

Geographical variation: we also consider how factors driving demand reduction might vary
by devolved administration and region. This includes considering, for example, how
potential for modal shift varies in rural and urban areas.3!

Co-impacts and distributional impacts: we consider how shifts away from high-carbon
activities and the levers used to achieve them impact household options and costs. Often,
low-carbon choices also offer positive wider impacts, for example on public health and
wellbeing.323 Co-impacts and household impacts are discussed in Chapter 8.

Impact of policy levers

We consider the factors that influence people’s decision-making and the potential effectiveness of
actions to enable low-carbon choices. In doing this, we focus mainly on behavioural science
evidence on people’s actual behaviour and choices, with less emphasis on studies that assess
people's intentions and afttitudes towards these choices. Our citizens’ panel explored how policies
could make some of the low-carbon choices considered in our pathway accessible and
affordable for all households. Relevant levers include:

Public information and awareness: increased information about the emissions impact of
different goods and services can be an important prerequisite and support a shift, but is
unlikely to lead to substantial changes on its own.34

Choice environment: ensuring that low-carbon options are readily and widely available or
that the barriers to choosing these are lower than for their high-carbon alternatives will
allow more people access to the opportunity to make these choices.

— Provision of, for example, improvements to active travel infrastructure can encourage
a shift away from private cars, while increased availability of plant-based products has
been shown to increase sustained choices of plant-based foods.35:3¢

— Nudges, such as changing where and how products are displayed, have also been
shown to increase low-carbon choices.37:38

— We focus primarily on options that enable more people to make low-carbon choices
through increasing the availability of aftractive options for consumers, but measures to
discourage high-carbon options can also help deliver shifts.

Relative price signals: we consider the effect that reducing the price of low-carbon
alternatives or, where required, increasing the price of high-carbon activities can have on
consumers’ willingness to select and sustain a low-carbon choice.

The Seventh Carbon Budget 53



— Shifts are more likely to be successful if the incentives to consumers are aligned fo the
required shift. For example, reducing the costs of plant-based alternatives to meat that
are comparable in taste, texture, and preparation method could enable more people
to choose these options for some of their meals.

— There is potential for innovation to make some low-carbon alternatives (for example,
alternative proteins) more substitutable for high-carbon choices and to bring down
prices.

Key sustained low-carbon choices in the Balanced Pathway

The key factors that determine the assumed level of key demand shifts in our pathway are set out in
Table 2.2. Further discussion of the low-carbon choices assumed and the main factors determining
the level of the resulting shifts can be found in Chapter 7.

Table 2.2
Evidence and factors that inform the level of key sustained low-carbon choices in the Balanced Pathway

Evidence on observed shifts and wider impacts Evidence on impact of policy levers
9] & o (]
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Meat and
dairy
consumption

* Assume confinuing frends in falling red meat and rising white meat consumption.

e Estimate an additional shift from meat and dairy to lower-carbon foods from
behavioural science and price elasticity studies of information provision and
changes in availability/price of alternatives.

e Check nutrition and distributional impacts and evidence of behavioural
differences across regions.

Aviation
demand

Model reduction in flying if the cost of decarbonising, including consideration of
non-COz effects, were added to the cost of flying.

* Review of literature and price elasticities, plus in-house analysis to assess if policy
levers to achieve this would be feasible and distributionally acceptable.

Factor regional flight needs into demand splits between devolved administrations.

Consider current and historical frends in England, Scotland, Wales, Northern
Ireland, and internationally.

* Review of current recycling targets and associated models that estimate the
impact of different policy levers on UK recycling rates.
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Review of evidence on interventions in UK fowns and cities and on progress in
leading countries, such as Germany, Switzerland, and the Netherlands.

e Consider the potential for modal shift in differing geographical types in the UK (for
example, built-up urban areas compared to rural areas) and potential for
changes to the choice environment (for example, bus service improvements).

resource

efficiency

Review of DESNZ analysis on current and maximum levels of resource efficiency
achievable by 2035 for the highest impact measures (including clinker substitution
in cement production and refurbishing of existing buildings instead of new
builds).3?

¢ Supplement with additional evidence on current tfrends in the UK and
internationally and case studies, to inform the assumed uptake of resource
efficiency.

e Consider evidence on the effectiveness of policy levers (primarily regulatory and
price-based) within UK jurisdiction.

Legend:
E Factors that were reviewed but did not inform the final level.

Key factors that informed the final level of demand shift assumed.
Factors that were not explicitly considered in our evidence review.

Notes: In all cases shown, multiple factors informed the level of sustained low-carbon choices deemed appropriate for inclusion in our

pathway.

2.4.2 Efficiency improvements

Measures to improve the efficiency with which high-carbon activities are undertaken can include a
mix of physical and process changes (for example, energy efficiency measures in homes) and
sustained low-carbon choices (for example, more efficient driving styles). These are particularly
important in sectors where low-carbon technologies do not become available until later (or not at
all). In such cases, the increased length of time for which the high-carbon assets are in operation
increases the amount of emissions reduction that efficiency improvements can deliver.

e Uptake rates of physical and process changes that improve efficiency are, in many cases,
determined by similar factors to those described for low-carbon technologies in Section 2.3,
balancing cost effectiveness and feasibility.

— In many cases (including improvements to aircraft performance, industrial processes,
and HGV fuel consumption), the efficiency improvements in our pathway build upon
frends that already make financial sense for businesses operating these assets.40

— Many efficiency measures are mature and well-established, which means that supply-
side constraints on deployment are typically less binding.#4! This includes both
improvements in the performance of high-carbon technologies (for instance, through
growing hybridisation and light-weighting in vehicles) and measures that reduce end-
use energy consumption (for example, insulation in homes, businesses, and industrial
processes).

* Improvements to operating efficiencies through sustained choices are assessed through
similar considerations to those described above for other sustained low-carbon choices.
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Chapter 3. The Balanced Pathway

Infroduction and key messages

This chapter details how emissions reduce in the Balanced Pathway and provides our
recommended level for the Seventh Carbon Budget.

Our key messages are:

The Seventh Carbon Budget should be set at 535 MtCOze for the period 2038-2042, which
will require UK emissions to fall to 87% below their 1990 levels.

— It should cover all greenhouse gases (GHGs) and include the UK's share of international
aviation and shipping emissions.”

— Excluding international aviation and shipping, this equates to a 90% reduction
compared to 1990 levels.

Emissions fall quickly in the Balanced Pathway, continuing the momentum built up since the
introduction of the Climate Change Act in 2008.

Multiple sectors will need to deliver rapid emissions reductions for the Seventh Carbon
Budget, particularly surface transport, buildings, and agriculture, as well as continuing
progress in the electricity sector.

— By 2040, surface transport emissions will need to have fallen by 86% from 2023 levels,
and residential buildings emissions by 66%. At this point, aviation and agriculture will be
the dominant sources of UK emissions.

— By 2050, remaining emissions, predominantly from agriculture and aviation, are offset
by removals. In our pathway, agriculture and land use emissions are balanced by the
carbon sequestered by land-based measures. Emissions from aviation are balanced by
permanent engineered removals, for which the aviation industry is responsible.

The Seventh Carbon Budget is delivered through five key routes: electricity, low-carbon
fuels and carbon capture and storage (CCS), nature, engineered removals, and demand.
Electrification, including the supply of low-carbon electricity and its use in electric vehicles
(EVs), heat pumps, and industrial processes, delivers 60% of the emissions reduction needed.

— Many of the solutions within these routes are available today and are now much
clearer compared to our 2020 Sixth Carbon Budget analysis, with fewer options
remaining. These solutions could be rapidly deployed, provided the right incentives are
put in place. We have therefore based this advice on a single modelled pathway,
supported by a range of uncertainties and contingencies.

— Options remain in some sectors including aviation and shipping. The optimal balance
of choices across low-carbon fuels, engineered removals, and demand to address
residual emissions remains uncertain. In these areas, we consider a mix of solutions in
our pathway, reflecting the importance of leaving several options open at this stage.

“ Our analysis covers emissions of all targeted GHGs in the Climate Change Act, aggregated using the GWP100 metric.
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3.1 Emissions in the Balanced Pathway

3.1.1 The Balanced Pathway to Net Zero

Our Balanced Pathway represents an ambitious but deliverable pathway for the UK to reach Net
Zero by 2050 (Figure 3.1), across all GHGs and including the UK’s share of international aviation and
shipping emissions. The Balanced Pathway would represent decisive and deliverable action that
continues the momentum built since the infroduction of the Climate Change Actin 2008.

e Sfrong action is needed to deliver rapid emissions reduction during the 2020s in order to get
the UK on frack to meeting its existing emissions targets. The peak rate of emissions
reduction is reached in our pathway around 2030.

¢ Around three-quarters of the emissions reduction in the Balanced Pathway takes place in
the 15 years from now until 2040. This will require emissions reductions to speed up in many

sectors.
Figure 3.1 The Balanced Pathway to Net Zero and the «
Seventh Carbon Budget
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Description: Emissions fall quickly in the Balanced Pathway, continuing the momentum built since the introduction of the Climate
Change Act in 2008. The Balanced Pathway reaches Net Zero greenhouse gas emissions by 2050.

Source: Department for Energy Security and Net Zero (DESNZ) (2024) Provisional UK greenhouse gas emissions national statistics 2023;
DESNZ (2024) Final UK greenhouse gas emissions national statistics: 1990 to 2022; Climate Change Committee (CCC) analysis.

Notes: (1) Our pathway and baseline are modelled using historical data up to 2022 or 2023, depending on the sector. Projected
emissions reductions prior to 2025 (shown in a pale shade in this chart) are based on existing trends; additional decarbonisation
measures only begin from 2025 (indicated in this chart with a vertical line). (2) The gap between historical 2023 emissions and our
modelling for that year is largely because our analysis assumes that some of the emissions reduction from buildings between 2021 and
2023 was a short-term response to weather and high gas prices and because our shipping modelling is based on an activity-based
estimate of emissions. (3) There is a small difference between the pathway and baseline in 2023 - this is because we assume that a
portion of the reduction in emissions seen in residential buildings between 2021 and 2023 was due to energy-saving practices that will
be maintained into the future.
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3.1.2 Performance against existing future emissions targets
The Balanced Pathway meets all of the UK's existing targets on GHG emissions (Table 3.1).

e |t outperforms the legislated values for the Fourth and Fifth Carbon Budgets (by around
115 MtCO2e and 405 MtCOze respectively). This is necessary in order to be on a credible
path to Net Zero, as these targets were set in line with only an 80% reduction in emissions by
2050.

e It narrowly meets the UK's 2030 NDC and the Sixth Carbon Budget. These remain ambitious
targets, and rapid decarbonisation action will be needed now to achieve them. It also
meets the UK's 2035 NDC, which the Government announced it will set in line with the
Committee’s advice based on this pathway.!

e ltreaches Net Zero GHG emissions in 2050. As discussed in Chapter 1, the UK reaching Net
Zero by 2050 and its interim targets are consistent with the pathways required to limit global
warming to 1.5°C and in line with commitments made by a leading group of developed
countries. Our Balanced Pathway demonstrates that these are achievable targets for the
UK.

Table 3.1
Performance of the Balanced Pathway against the UK's existing GHG emissions targets

Target Target level Pathway performance

Fourth Carbon Budget (2023-2027)* 1,950 MtCO2e over 2023-2027 1,835 MtCO2e

2030 NDC* 68% reduction from 1990 levels 68% reduction

Fifth Carbon Budget (2028-2032)* 1,725 MtCOze over 2028-2032 1,320 MtCOze

2035 NDC* 81% reduction from 1990 levels 81% reduction

Sixth Carbon Budget (2033-2037) 9265 MtCO2e over 2033-2037 9245 MtCOze

Net Zero 2050 0 MtCO2e in 2050 0 MtCO2e

Notes: *The Fourth and Fifth Carbon Budgets and the UK’s NDCs all exclude emissions from international aviation and shipping. The figures
presented here for these targefts reflect this, by showing the emissions in our pathway excluding international aviation and shipping. (1)
Figures are rounded to the nearest 5 MtCO2e or percentage point. (2) The total for the Fourth Carbon Budget includes published
provisional emissions data for 2023 and our pathway projections for 2024-2027. (3) Four UK Crown Dependencies and Overseas Territories
are included in scope for the UK's NDC:s. If these territories are assumed to decarbonise in line with their own 2030 targets, the resulting
decarbonisation across all the territories in scope is slightly slower, but still meets the NDC targets.

3.1.3 Recommended level of the Seventh Carbon Budget

The Committee recommends that the Seventh Carbon Budget should be set at a total of
535 MICO:e for the period 2038-2042, including emissions from the UK’s share of international
aviation and shipping (Figure 3.2, Table 3.2).

e By 2040 (the middle year of the Seventh Carbon Budget period), this would require
emissions to fall to an annual total of 108 MICOze. This would represent an 87% reduction in
emissions compared to 1990 levels and would see emissions falling by three-quarters
compared to today.

¢ Excluding international aviation and shipping, the required reduction is 90% from 1990.
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¢ The recommended budget level is in line with the total emissions in the Balanced Pathway
over the five-year carbon budget period, rounded to the nearest 5 MtCO2e. We discuss the
potential impact of uncertainties on the budget and contingency measures that should be
developed to mitigate this in Chapter 6.

¢ The Committee recommends that the Seventh Carbon Budget should include the UK's
share of international aviation and shipping emissions. This is important as reducing both
territorial and international emissions is vital to limit global warming.

*  When legislating the Seventh Carbon Budget, it is critical that the Government make the
necessary regulations under Section 30 of the Climate Change Act to formally include
international aviation and shipping emissions in carbon budgets and the Net Zero target.
The Government has committed to including them in the Sixth Carbon Budget and Net
Zero, but the required regulation changes have not yet been implemented.?

The Government should plan to deliver the emissions reductions required to meet the Seventh
Carbon Budget through domestic decarbonisation action. The Balanced Pathway provides a
roadmap for doing this, showing how this can credibly be achieved. To aid parliamentary scrutiny,
the Government should produce a draft set of proposals and plans for delivering the Seventh
Carbon Budget, sefting out its assessment of the mix of measures that will play a role.

¢ The Government should not plan to use intfernational credits (referred to as ‘carbon units’ in
the Climate Change Act) to achieve the Seventh Carbon Budget. Planning to use credits to
achieve UK targets carries risks, including the potential to undermine international
leadership, reducing the clarity of domestic sectoral action, and failing to deliver carbon
budgets if infernational credit supply proves unreliable. See Section 10.1.3 for further
discussion.

e We assess our recommended budget level to represent a fair and ambitious contribution to
global efforts to tackle climate change. It would be a credible contribution towards limiting
long-term global warming to the 1.5°C benchmark referenced in the Paris Agreement. See
Section 10.1 for our analysis on this fopic.

Delivering the Seventh Carbon Budget will require progress in reducing emissions across the
economy, with increased rates of decarbonisation required across most sectors. Achieving this is
ambitious but it is deliverable, and the Seventh Carbon Budget has the potential to boost
investment, support good new jobs, and enhance the UK’s energy security.

¢ Delivering the budget will require scaling up investment and supply chains so that almost all
new fechnology purchases are zero-emission by the mid-2030s, together with reducing
demand for high-carbon activities and development and deployment of greenhouse gas
removal fechnologies. Many of the key technologies required are already or will soon
become cost effective (see Chapter 2). Therefore, we would expect roll-out rates to
accelerate, delivering increased rates of decarbonisation. See Chapter 5 for further details.

* Many of the technologies required to deliver the Seventh Carbon Budget are more efficient
than the high-carbon alternatives they will replace. Many will therefore be cheaper to run,
offering the opportunity for households to make savings. See Chapter 8 for further details.

e The Government adopting the budget would send a clear signal to investors that the UK is
committed to an ambitious Net Zero transition. This will help create investment opportunities

for UK businesses. See Chapter 9 for further details.

¢ Meeting the budget will reduce the UK's reliance on volatile markets for imported fossil fuels,
enhancing the UK’s energy security. See Chapter 10 for further details.
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Figure 3.2 The recommended Seventh Carbon Budget «
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Description: The Balanced Pathway meets the UK's existing future emissions targets and sets the recommended level for the UK's next
target: the Seventh Carbon Budget.
Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics: 1990 to 2022; CCC analysis.
Notes: (1) Our pathway and baseline are modelled using historical data up to 2022 or 2023, depending on the sector. Projected
emissions reductions prior to 2025 (shown in a pale shade in this chart) are based on existing trends; additional decarbonisation
measures only begin from 2025. (2) The gap between historical 2023 emissions and our modelling for that year is largely because our
analysis assumes that some of the 2021-2023 emissions reduction from buildings was a short-term response to weather and high gas
prices and because our shipping modelling is based on an activity-based estimate of emissions. (3) Emissions from international aviation
and shipping (IAS) are included in historical emissions and added to the first five carbon budgets and the two Nationally Determined
Contributions (NDC) (in which they are not included). (4) ‘CB’ refers to UK carbon budgets: ‘CB1’ refers to the First Carbon Budget;
subsequent numbers refer to subsequent carbon budgets.

Table 3.2
Emissions reductions required to meet the recommended Seventh Carbon Budget

Emissions during the Reduction relative to Excluding IAS, reduction
Seventh Carbon Budget relative to
period (MiCO2e)

Five-year Emissions in 1990
total 2040

Recommended KN
Seventh
Carbon Budget

3.1.4 Key differences to our Sixth Carbon Budget pathway

Our Balanced Pathway is similar in ambition to the pathway set out in our 2020 Sixth Carbon Budget
advice (Figure 3.3). Key conclusions, including the appropriateness of key targets such as the 2030
NDC, Sixth Carbon Budget, and Net Zero remain unchanged. But there are some differences:
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¢ Lower starting point. The 2023 starting point of our updated Balanced Pathway is 55 MtCO2e
below our Sixth Carbon Budget pathway.

— Around 60% of this is due to changes in emissions accounting, which have reduced the
contribution of agriculture, land use, and waste compared to the inventory used as the
basis for our Sixth Carbon Budget advice.

¢ At the time of publication of our Sixth Carbon Budget advice, there was uncertainty
over which version of the IPCC’s AR5 global warming potentials (GWPs) would be
adopted internationally. Therefore, our modelling used the higher values including
the impact of climate-carbon feedbacks.? Since then, the lower AR5 GWPs
excluding these feedbacks have been adopted internationally, reducing the
estimated contribution of methane, nitfrous oxide, and F-gases to overall emissions
totals.4

e There have also been a number of improvements to the UK emissions inventory
since 2020.° The largest of these - better representing emissions impacts from
peatlands - was already included within our Sixth Carbon Budget modelling but
using a higher estimate than is now in the inventory. There have been a range of
further updates since, mostly affecting the land use sector.

— The remaining 40% reduction is a result of updating our approach to temperature-
adjusting emissions in the residential buildings baseline to include more recent
temperature trends, reductions in demand (particularly for car travel) due to
behavioural changes following the COVID-19 pandemic, and lower industrial output.é7

¢ Slower initial pace. The slope of our updated Balanced Pathway is slightly less steep in the
early years than that of the Sixth Carbon Budget pathway. This is due to delays in action
meaning that the roll-out of low-carbon tfechnologies in several areas has progressed more
slowly than expected (see our report Progress in reducing emissions: 2024 Report to
Parliament).

¢ Improved modelling of land use sinks. In many sectors, decarbonisation slows towards the
tail of the fransition. However, carbon sequestration in land use sinks scales up through the
2040s, resulting in our Balanced Pathway having a more linear shape in the later years than
in our Sixth Carbon Budget pathway.

* Reduced reliance on imported biomass. A key finding is that our Balanced Pathway is now
less reliant on engineered removals using imported biomass to hit Net Zero than in our Sixth
Carbon Budget advice, allowing biomass imports to decline from today’s levels in the
Balanced Pathway.

— As aresult of inventory and GWP changes, lower levels of engineered removals are
required to offset residual emissions in 2050 than in our Sixth Carbon Budget advice.

- The fact that the pathway requires lower levels of CO2 removal in 2050 also means that
these deploy to lower levels in the 2040s than previously projected. This means that Net
Zero COzis achieved one year later than in our Sixth Carbon Budget advice.

¢ Similar implied budget level. Despite these changes, the total emissions during the Seventh
Carbon Budget period are very similar to those in our Sixth Carbon Budget pathway, with a
difference of less than 2% over the period from 2038 to 2042.

There is substantial uncertainty around emissions accounting, especially in the land use sector, and
there could be further changes to GWPs. This means that there is potential for accounting

methodologies to change again in the future. We discuss this uncertainty, along with other sources
of uncertainty and contingency options that could deliver further emissions reduction, in Chapter 6.
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Figure 3.3 The Balanced Pathway compared to our Sixth «
Carbon Budget pathway
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Description: The Balanced Pathway begins from a lower starting point than projected in our Sixth Carbon Budget advice. It also has a
slower initial pace of decarbonisation. Despite these changes, the two pathways are very similar from the mid-2030s onwards, including
during the Seventh Carbon Budget period.

Source: CCC (2020) Sixth Carbon Budget; CCC analysis.

Notes: The Sixth Carbon Budget advice pathway and baseline are shown as published in our 2020 advice. These have not been
adjusted to account for changes in emissions accounting since that publication.

3.2 Drivers of emissions reduction in the Balanced
Pathway

3.2.1 Emissions by greenhouse gas

The Balanced Pathway reaches Net Zero, across all GHGs and including international aviation and
shipping, in 2050. Net Zero CO2 emissions are achieved sooner (Table 3.3). The pathway also sees
stfrong reductions in other GHG emissions (Figure 3.4).

¢ Net Zero CO2 emissions are reached in 2045. This means that by 2050, the UK will be emitting
net negative CO2 and confributing to reducing global femperatures (see Section 3.3.2).
COz2reductions in our pathway come mostly from the roll-out of low-carbon technologies
displacing fossil fuel combustion, along with engineered and land-based CO2 removals.

*  Methane (CH4) emissions fall steeply in the late 2020s and early 2030s, reaching almost half

tfoday’s levels by 2050. This is mostly due to the impact of on-farm measures and shifts away
from red meat and dairy in agriculture, and reductions in methane generation at landfills.
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— By 2030, methane emissions are 25% lower than their 2020 levels, which is slightly less
than the 30% in the Global Methane Pledge.” A 30% reduction is achieved by 2032,
while reductions ramp up quickly and reach 40% by 2035. In the latest published data,
the UK's methane emissions are already 62% lower than they were in 1990.

— Around half of UK methane emissions come from agriculture. The methane reduction
from other sectors occurs more quickly, reaching 34% by 2030.

¢ Nitrous oxide (N20O) emissions decline steadily in our pathway, also reaching almost half
today’s levels. Reductions come mainly in the agriculture sector, along with smaller
reductions from reduced fossil fuel combustion across other sectors.

* Emissions of fluorinated gases (F-gases) continue recent trends of falling quickly. These are
discussed in Section 7.11.

Table 3.3
Net Zero dates in the Balanced Pathway

Including international aviation and Excluding international aviation and

shipping shipping

All GHGs

CO:2 only

" The UK'is a participant in the Global Methane Pledge, which is a collective effort to reduce global methane emissions by at
least 30% from 2020 levels by 2030.
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Figure 3.4 The Balanced Pathway by greenhouse gas «
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Description: In the Balanced Pathway, CO2 emissions fall quickly and reach Net Zero by 2045. The pathway also sees strong reductions
in other greenhouse gas emissions.
Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; CCC analysis.
Notes: (1) Our pathway and baseline are modelled using historical data up to 2022 or 2023, depending on the sector. Projected
emissions reductions prior to 2025 (shown in a pale shade in this chart) are based on existing trends; additional decarbonisation
measures only begin from 2025. (2) The gap between historical 2023 emissions and our modelling for that year is largely because our
analysis assumes that some of the emissions reduction from buildings between 2021 and 2023 was a short-term response to weather
and high gas prices and because our shipping modelling is based on an activity-based estimate of emissions.

3.2.2 Sources of abatement

The dominant contribution to the emissions reduction required to meet the Seventh Carbon Budget
comes from electrification of key fechnologies across the economy, enabled by fransitioning to
and scaling up a low-carbon electricity system (Figure 3.5). There are also important roles for other
low-carbon fuels and CCS, nature, engineered removals, and demand.

¢ Electricity: electrification delivers 60% of the total amount of emissions reduction required by
2040 in the Balanced Pathway. This comes from switching to electric technologies, which
are now the clear low-carbon technology choice in many areas (including surface
fransport and home heating), enabled by decarbonising and expanding electricity supply.
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* Low-carbon fuels and CCS: a further 10% of the emissions reduction required by 2040 comes
from other low-carbon technologies. This includes the use of hydrogen, both directly and in
the production of low-carbon fuels for use in aviation and shipping. It also includes CCS,
which can be used to capture combustion and process emissions in industry, as well as
playing a role in decarbonising electricity supply and hydrogen production and delivering
engineered removals.

¢ Nature: land-based actions to increase natural carbon sequestration and reduce emissions
from land deliver 2% of the required emissions reduction by 2040, although this share grows
quickly to over 5% by 2050. This includes new woodland creation and peatiand restoration.

* Engineered removals: engineered removals contribute 6% of emissions reduction by 2040,
increasing from then on to deliver the savings required to reach Net Zero. This includes a mix
of bioenergy with carbon capture and storage (BECCS) and direct air carbon capture and
storage (DACCS), as well as a limited contribution from enhanced weathering and biochar.

¢ Demand: demand measures make up the remaining 22% of emissions reduction by 2040.
These include measures to increase resource and/or energy efficiency, such as home
insulation, more efficient use of resources in industry, and improved efficiencies of high-
carbon technologies, as well as some sustained shifts away from high-carbon activities, for
example reductions in meat and dairy consumption and flying.

In many areas of our pathway, most notably electrification but also the role of nature, the solutions
required have been or are beginning to be deployed at scale globally. Costs of many of these
have been falling quickly, and their role in the UK's decarbonisafion pathway is now clear. This
reflects a narrowing in optionality in these areas and an increasing clarity on the best way forward
for the UK to reach Net Zero. The challenge for government, markets, and regulators is now to
enable these clear solutions to be rolled out at pace.

¢ Inalmost all parts of the key end-use sectors of surface transport, buildings, and industry,
electrification is now the clear preferred technology for decarbonisation. Rapid,
widespread roll-out of EVs, heat pumps, and electric industrial heat is therefore crucial for
delivering the Seventh Carbon Budget. The conditions must be put in place for these
markets fo scale up quickly and for low-carbon electricity to be widely available (including
through continued growth in renewables and tfimely grid expansion) to power a rapid
electrification fransition.

¢ The sequestration of carbon in woodlands and the reduction of emissions from peatlands
play an important role in balancing residual emissions to help reach Net Zero. Due to the
fime lag between planting a tree and it delivering meaningful sequestration, it is vital to
ramp up delivery of tree planting this decade in order to realise this required conftribution. I
is also clear that these actions, if delivered appropriately, can deliver wider benefits for
nature and climate resilience. These wider objectives should be taken into account, for
instance by ensuring that new woodlands are sited appropriately and use suitable species.

By contrast, uncertainty remains around the optimal balance between decarbonisation solutions in
some areas. In these cases, maintaining optionality is key at this stage to allow further development
of complementary and competing options. We therefore consider a mix of options in our pathway
for these areas.

e While itis clear that engineered removals will be required to meet Net Zero, uncertainty
remains around the exact form that these will take and their balance versus other
measures.

¢ Maintaining optionality is important in some of the areas that will decarbonise more slowly.
This includes aviation, where the balance between sustainable aviation fuel, engineered

removals, and demand is not yet clear.
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Figure 3.5 Sources of abatement in the Balanced Pathway m
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Description: The Seventh Carbon Budget is delivered through five key routes: electricity, low-carbon fuels and CCS, nature, engineered
removals, and demand. The largest share of emissions reduction is from switch from fossil fuels to electric technologies powered using
low-carbon electricity.

Source: CCC analysis.

Notes: (1) ‘Electric vehicles’ includes electrification of cars, vans, motorcycles, buses, and HGVs. ‘Heat pumps’ includes heat pumps for
heating or hot water in residential, public, and commercial buildings (including those used in communal heating and heat networks).
‘Industrial electrification’ covers all electricity use in industry, including for heating, machinery, and other industrial processes. ‘Low-
carbon supply’ shows the abatement from decarbonising electricity generation. All of these are enabled by improvements to the grid.
(2) 'CCS’ covers the abatement due to the direct use of CCS to capture CO2 from emitting processes outside the electricity system - it is
also used, alongside hydrogen, to enable long-term storable, dispatchable power in the electricity supply sector and to underpin
engineered removals. (3) ‘Eng removals’ refers to engineered removals. ‘SAF’ refers to sustainable aviation fuel.

3.

2.3 Emissions reductions by sector

Sectoral emissions pathways

Meeting the recommended Seventh Carbon Budget will require contributions across all sectors

(Fi

gure 3.6, Table 3.4). This will depend on switching fo efficient, low-carbon tfechnologies and

reducing demand for high-carbon activities in a range of key areas.
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» Surface transport (27% of emissions reduction by 2040): we are already beginning to see EV
sales have a measurable effect in reducing emissions. This will accelerate rapidly over the
coming years as prices fall and sales grow, with fully electric options accounting for nearly
all new car and van sales by 2030 and making up over three-quarters of the fleet on the
road by 2040. The zero-emission HGV market will see fast growth during the 2030s, enabled
by financial support in the early years. Improved bus and active travel provision enable
some journeys to switch to these modes. Further details are set out in Section 7.1.
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e Residential buildings (14% of emissions reduction by 2040): supply chains and the workforce
of trained installers for low-carbon heating will scale up through the 2020s so that all new
and replacement home heating installations are low carbon (mainly heat pumps) by the
middle of the next decade. In the nearer term, energy efficiency installations and some
sustained behavioural changes will play a role in reducing emissions for existing heating.
Further details are set out in Section 7.2.

¢ Indusiry (11% of emissions reduction by 2040): the largest share of emissions reduction
comes from electrification of industrial heat processes. CCS is important for tackling process
emissions and should be targeted at industrial subsectors with limited alternatives. Hydrogen
will play a small but important role in subsectors which may find it hard to electrify. More
efficient use of resources and energy efficiency improvements also reduce demand for
materials and energy, reducing manufacturing emissions. These measures all scale up
quickly during the 2020s and 2030s. Further details are set out in Section 7.3.

e Agriculture and land use (7% of emissions reduction by 2040): while low-carbon farming
practices and tfechnologies, including livestock measures and decarbonising machinery,
can achieve a substantial reduction in agricultural emissions, reaching Net Zero across the
agriculture and land use sectors requires a reduction in livestock numbers. This can be
achieved by supporting farmers to diversify their income streams and by a reduction in
average UK meat and dairy consumption.

— Early action is vital to release land from agriculture to enable its use to grow the UK's
natfural carbon sink. Increased free planting rates in the 2020s have a large
sequestration impact beginning in the 2040s, contributing significantly fo overall
removals, while higher levels of peatland restoration reduce peatland emissions.

— We therefore consider the agriculture and land use pathways together in Section 7.4.

* Electricity supply (12% of emissions reduction by 2040): demand for electricity will increase,
especially during the 2030s, driven by the switch to EVs and heat pumps. To meet this
growth and decarbonise the system, low-carbon generation is rolled out quickly. Offshore
wind forms the backbone of the future system. Storable energy, smart demand
management, and inferconnection all help maintain security of supply, in much the same
way as in the current electricity system. Electricity networks will need to expand to enable
consumers to benefit from reliable, low-cost, and low-carbon electricity. Further details are
set outin Section 7.5.

e Aviation (5% of emissions reduction by 2040): growth in aviation demand is managed
through ensuring that the cost of decarbonising aviation is reflected in the price of flying.
The share of sustainable aviation fuel used increases gradually, with a growing portion of
this coming from synthetic fuels in the 2040s. Efficiency improvements enable further
emissions reduction. Further details are set out in Section 7.6.

e Other sectors (24% of emissions reduction by 2040): emissions reduce across fuel supply, F-
gases, non-residential buildings, shipping and waste. Engineered removals also ramp up
gradually from 2030 to reach required levels by 2050. Further details of the confributions of
each sector to the Balanced Pathway are set out in the relevant sections of Chapter 7.
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Figure 3.6 Sectoral emissions in the Balanced Pathway m
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Description: Emissions fall across all sectors in the Balanced Pathway. Different sectors decarbonise at different rates, meaning that the
balance of emitting sectors changes over the pathway. Reductions in today's highest-emitting sectors (surface transport and
residential buildings) mean that agriculture and aviation will be the highest-emitting sectors by the Seventh Carbon Budget period.
Source: CCC analysis.
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Table 3.4
Emissions by sector in the Balanced Pathway (MtCO2e emissions and % changes from 2023* levels)

Current data 2030 2035 2040
(2023%)

Sector

Surface transport

Residential buildings

Industry

Agriculture*

Electricity supply
Aviation

Fuel supply

5.4

Waste* 24.9 188  (-24%) 123 (-50%) 8.3 (-67%) 5.1 (-79%)
Non-res buildings 20.8 149  (-29%) 6.3 (-70%) 2.7 (-87%) 0.7 (-97%)
Shippingt 11.2 9.8 (-12%) 7.7 (-31%) 5.4 (-52%) 0.5 (-95%)
F-gases* 7.6 3.8 (-50%) 2.7 (-64%) 2.0 (-73%) 1.6 (-79%)
Land use*+ 0.8 1.3 1.2 -1.9 -29.9
Engineered removalst 0.0 -2.6 -12.7 -21.3 -35.8

Total* 423.3 2958 (-30%) 187.0  (-56%) 107.7  (-75%) -1.1 (-100%)

Notes: *Provisional 2023 estimates are not made for non-CO2 greenhouse gases, so 2022 data are used for the agriculture, land use, waste and F-
gases sectors in which these gases are dominant. The ‘current data’ entry for the total row shows total UK emissions across all sectors as reported in
the 2023 inventory. tIn Section 7.10, we present changes in shipping emissions compared to a higher DfT estimate of current emissions, which
measures international shipping emissions based on the movements of ships on international voyages rather than basing them on sales of bunker fuels
in the UK as currently used in the UK’s GHG inventory. It also uses more recent activity data for domestic shipping than is used for UK's inventory. On
that basis, current emissions are higher at 14.2 MtCOze and the reduction by 2040 is correspondingly larger at 62%. TWe have excluded the
percentage changes in emissions for engineered removals because historical UK engineered removals emissions have always been zero, and for land
use because land use contains both emissions sources and sinks.

Emissions in traded sectors

The UK Emissions Trading Scheme (UK ETS) currently covers emissions in parts of the industry,
electricity supply, fuel supply, and domestic aviation sectors. The Government has announced that
this will be extended to domestic shipping and energy from waste from 2026 and 2028 respectively.
Based on this set of sectors, 107 MtCO2e (20%) of total emissions in the Balanced Pathway over the
Seventh Carbon Budget period will come from traded sectors (Figure 3.7).

¢ Traded emissions fall across the pathway, but a small amount of emissions persist out to
2050. This is because of residual emissions which cannoft feasibly be decarbonised in our
pathway, partficularly in domestic aviation and industry.

¢ The Government is consulting on the possible inclusion of engineered and/or land-based
removals in the UK ETS. If these are included, then they would lower the trajectory for traded
emissions by the amounts shown. In that case, it will be important to adjust the cap within
the UK ETS appropriately to reflect this lower required frajectory for traded emissions.
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Figure 3.7 Traded and non-traded sector emissions in the «
Balanced Pathway
500
T,
O 400
3
(72}
6
g 300
£
()
o
S 200
[}
(%]
=
o
<€ 100
(0}
g
)
O -
-100
2025 2030 2035 2040 2045 2050
Traded sectors m Non-fraded sectors (land use)
m Non-fraded sectors (engineered removals)  mNon-traded sectors (other)
Description: Emissions in the fraded sectors fall across the pathway, but a small amount of residual emissions remain in 2050.
Source: CCC analysis.
Notes: The traded sectors include sectors that are currently included in the UK Emissions Trading Scheme and sectors that the
Government has announced will be added in 2026 and 2028.

3.3 The Balanced Pathway during the Seventh
Carbon Budget period and beyond

3.3.1 Emissions reductions during the Seventh Carbon Budget period

Over half of the emissions reduction to meet the first three carbon budgets came in the energy
supply sectors, whereas over three-quarters of what is needed to meet the next three will come
from other sectors. This will require emissions reductions to speed up quickly in most other sectors,
including surface fransport, buildings, and agriculture and land use. This is a crucial prerequisite to
be on frack to meet the Seventh Carbon Budget.

The Balanced Pathway shows that this frend will need to continue during the Seventh Carbon
Budget period, with around half of the further reductions during this period coming in surface
fransport and buildings, and growing confributions to reducing total emissions coming from
aviation, agriculture and land use, and engineered removals. The contributions from these three
areas continue to scale up after this period to enable the UK to reach Net Zero (Figure 3.8).

e The Seventh Carbon Budget period will be a key phase of the tfransition: the electricity
supply sector will be largely decarbonised; progress in surface transport will be moving at
pace and will need to continue towards completion; and buildings decarbonisation will be
ramping up. During this period (from 2038 to 2042), in the Balanced Pathway:
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— There will be sufficient low-carbon electricity generation capacity to provide all of the
electricity required across the economy, and the fransmission and distribution grids will
allow this to be used widely across sectors. The remaining emissions in electricity supply
will come from marginal generation used for flexibility and during periods of low wind.

— The surface transport transition will be entering its tail, with emissions falling from around
70% below today’s levels at the beginning of the period to nearly 0% by the end. This
reflects the fact that around three-quarters of the car and van fleet will be fully
electric, and all sales of new cars and vans will be fully electric. The last new diesel HGV
will be sold in the early years of this period.

— The residential buildings sector will be undergoing a period of rapid fransition, going
from below 50% decarbonisation at the beginning of the period to nearly 80% at the
end. The last gas boiler will have already been installed, with the vast majority of new
and replacement home heating installations using heat pumps.

— In industry, 70% of current industrial emissions will have already been eliminated and
most industrial processes will now be electrified. Actions in this sector will focus on
addressing the hardest-to-abate remaining industrial sectors.

* By the Seventh Carbon Budget period, agriculture and aviation will be the highest-emitting
sectors and engineered removals will be being deployed at scale. During this period (from
2038 to 2042), in the Balanced Pathway:

— Agriculture emissions will be around 40% lower than today. This will have been partly
driven by earlier reductions in livestock numbers, which will have released land for frees
to be planted. The beginning of the period marks the point at which, in our modelling,
the sequestration effect of these frees turns the land use sector from being a small net
emissions source to being a net sink. There are large uncertainties around this sector
(see Chapter 6), but it is clear that any delay to ramping up free planting risks delaying
this crossover point.

— Aviation emissions will be falling gradually, reaching around 20% below today’s levels
by the end of the period. The share of sustainable aviation fuel used will be rising, and
the sector will be paying fo support engineered removals. These will be operating at
scale, with deployment continuing to ramp up to reach 25 MtCO:2 by the end of the
period. Most of this will likely be BECCS in our pathway, but DACCS will also be starting
to operate at scale.

e Across the economy, oil and gas consumption in the Seventh Carbon Budget period will be
substantially lower than it is foday. This is discussed further in Chapter 10.
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Figure 3.8 Distribution of emissions reductions during each m
carbon budget period
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Description: Over half of the emissions reduction to meet the first three carbon budgets came in the energy supply sectors. Looking
forward, the majority of reductions to meet future carbon budgets will need to come from other sectors. Around half of the reduction
during the Seventh Carbon Budget period will come from surface transport and buildings.

Source: CCC analysis.

Notes: (1) We have grouped some sectors together to simplify the presentation in this chart. The ‘Energy supply’ grouping includes both
electricity supply and fuel supply, while the ‘Buildings’ grouping contains both residential buildings and non-residential buildings. (2)
‘CBs’ refers to UK carbon budgets and ‘CB7’ refers to the Seventh Carbon Budget.

3.3.2 Emissions and removals in 2050

Balancing residual emissions and removals

In 2050, the main sources of residual emissions in the Balanced Pathway are agriculture and
aviation, with smaller contributions from waste, industry, and other sectors. These are offset by
negative emissions from land use sinks and engineered removals (Figure 3.9). Total emissions across
the agriculture and land use sectors reach Net Zero, providing a clear goal for these sectors.

* Remaining emissions in agriculture and land use are balanced by the carbon sequestered
by land-based sinks, including new woodlands, restored peatlands, and energy crops. This
gives a clear objective for the land and agriculture sectors: to achieve a net reduction in
their total emissions to zero. See Section 7.4 for more discussion of this balance.
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e Emissions from the remaining sectors must be offset through engineered removals. Who
pays for these removals is a policy choice. The Balanced Pathway largely assumes a
‘polluter pays’ principle, where those sectors with residual emissions, notably aviation, are
expected to reduce their net confribution to UK emissions to Net Zero, whether through in-
sector emissions reductions or using removals to offset ongoing emissions.” As a result, sectors
such as aviation are able to reduce their overall contribution to UK emissions to Net Zero by
2050. See Section 7.6 and Section 7.12 for more discussion of this balance.

¢ In our pathway, negative emissions are reported within the land use and engineered
removals sectors. These can be visualised within the sectors in which they occur to illustrate
the impact this has on the overall pace of decarbonisation in each area (Box 3.1).

Figure 3.9 Sources of emissions and negative emissions in the «

Balanced Pathway in 2050
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Description: Net Zero is achieved by balancing remaining emissions from areas that cannot feasibly be decarbonised in our pathway
with a combination of engineered and land-based removals. The land-based removals offset residual emissions from agriculture, while
the engineered removals offset residual emissions from the remaining sectors.

Source: CCC analysis.

" While these removals should eventually be paid for by the relevant polluting sectors (notably aviation), government support
is likely to be needed in the near term.
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Box 3.1

Pace of sector decarbonisation if including sectoral shares of removals

Negative emissions are counted in our land use and engineered removals sectors. In some cases, these
removals are linked to another sector in our pathway. These links include the consideration of a Net Zero
objective for the land sectors in aggregate, our assumption that the aviation sector pays for the share of UK
removals required to offset its residual emissions in 2050, and also removals that are physically located in
facilities associated with another sector (for example, BECCS used in industrial or energy from waste plants).

e Considering negative emissions from land use alongside agriculture and a share of engineered
removals alongside aviation allows these sectors to reach Net Zero by 2050.

* Because these offsets scale up rapidly through the 2040s, the decarbonisation pathways required in
these aggregate sectors are still slower than required in other key sectors in the Balanced Pathway.

— The pace of decarbonisation in a combined agriculture and land use sector is slightly over half
the pace of other sectors until 2040, after which the pace speeds up as sequestration in land
use sinks grows.

— The aviation sector, including its share of removals, decarbonises at a similar pace to most
other sectors, but starting later. This slower start is largely because technological solutions
(including SAF and engineered removals) are at an earlier stage of development than in other
sectors. While engineered removals play the largest role in reducing combined emissions to
zero in our pathway, the exact balance between SAF, engineered removals, and demand
remains uncertain and this share could be different in practice.

* The inclusion of BECCS in energy from waste plants alongside waste sector emissions allows this
sector to follow a similar decarbonisation pathway to surface transport, buildings, and industry
(including a small amount of abatement due to industrial BECCS), reaching Net Zero by 2050.

Figure 3.10 Sectoral emissions pathways including specified «
shares of engineered and land-based removals
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Description: Combining the agriculture and land use sectors and allocating a share of engineered removals to the aviation sector
allows these sectors to reach net zero by 2050. The implied combined pace of emissions reduction is slower than in other sectors.
Source: CCC analysis.
Notes: (1) The chart shows the percentage reduction in emissions in each of the shown sectors, both as reported in our pathway and if
the share of engineered removals associated with these sectors were included. (2) For aviation, the share of removals is the same
proportion of available UK engineered removals as is needed to reach net zero by 2050 for the sector. (3) Energy supply sectors and
lower-emitting sectors are not shown.
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Emissions balances and the UK's contribution to global warming

As discussed in Chapter 1, the latest science indicates that the global average temperature likely
more or less stabilises after Net Zero COz is reached, and at Net Zero GHGs, using a GWP100 metric,
temperatures will likely start to reduce, as shorter-lived residual methane emissions are being
balanced by long-lived CO2 removal. We find that the same is tfrue of the UK's confribution to
warming (excluding imported emissions), which will have peaked and will likely be starting to
decline by the time Net Zero GHGs is reached (Figure 3.11).

¢ The residual GHG emissions that remain in our pathway in 2050 are a mix of long-lived CO>
(primarily from aviation) and nitrous oxide (primarily from agriculture) and short-lived
methane (primarily from agriculture, land use, and waste).8

e These are all balanced by removal of CO2, some engineered and some land-based.
Overall, this leads to a peak and then decline in the UK's confribution to global warming by
2050, as continuing shorter-lived methane emissions are offset by removals of long-lived
CO:a. This is in contrast to the baseline, in which the UK's contribution to warming would rise
steeply.

e Land-based removals carry a higher risk of being less permanent, for instance due to the risk
of long-term carbon loss, such as through fire or other climate impacts.? This risk is
acknowledged in our pathway by using these land-based removals to balance remaining
agricultural and land use emissions, which are mostly (around 60%) comprised of shorter-
lived methane emissions. This means that, in combination, the agriculture and land use
sectors will be contributing to gradually reducing the UK's contribution to warming.

e By confrast, remaining aviation emissions, which are almost entirely long-lived COg, are
balanced by permanent engineered removals. This would mean that the sector does not
contribute to additional CO2-induced warming. However, UK aviation activity has
additional non-CO: effects which likely make up the dominant part of the sector’s
contribution to current global warming. We discuss this further in Section 7.6.
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Figure 3.11 UK contribution to global temperature change in
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Description: In the Balanced Pathway, the UK's contribution fo increasing global temperatures will have peaked and likely started to
decline by the time Net Zero for all greenhouse gases is reached.

Source: GUtschow, J., Busch, D. and Pfliger, M. (2024) The PRIMAP-hist national historical emissions time series v2.6 (1750-2023); DESNZ
(2024) Final UK greenhouse gas emissions national statistics: 1990 to 2022; DESNZ (2024) Provisional UK greenhouse gas emissions national
statistics 2023; Forster, P.M. et al (2024) Indicators of global climate change 2023: annual update of key indicators on the state of the
climate system and human influence; CCC analysis.

Notes: (1) The chart shows the confribution to global temperature increases due to UK greenhouse gas emissions, including both
historical emissions data since 1750 and projected emissions in the Balanced Pathway. These have been indexed to the latest observed
level of greenhouse gas-induced global warming (1.57°C in 2023). This is higher than the warming estimate discussed in Chapter 1, as
this value focusses on the effect of well-mixed greenhouse gases only (as that is what is modelled in our pathway) rather than all
human-induced warming. (2) International aviation and shipping emissions are not included for years before 1990. (3) Possible warming
from non-COz effects in aviation are not included in this chart (see Section 7.6).

3

4 Emissions in Scotland, Wales, and Northern

Ireland

3.

4.1 Current emissions in Scotland, Wales, and Northern Ireland

Emissions in Scofland, Wales, and Northern Ireland made up 22% of UK emissions in 2022.

80

e Scotland: emissions in Scotland made up 9% of 2022 UK emissions. Per-capita emissions in
Scotland are slightly higher than the average across the UK. The makeup of Scoftish
emissions is similar o those in the UK as a whole, with surface transport the highest-emitting
sector. Scotland has slightly higher agriculture emissions but slightly lower electricity and fuel
supply emissions per capita than the rest of the UK.
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*  Wales: emissions in Wales made up 8% of 2022 UK emissions. On a per-capita basis,
emissions in Wales are nearly double those in the UK as a whole. This is driven by a high
contribution from industry, which comprised 27% of total Welsh emissions in 2022. The share
coming from electricity and fuel supply is also nearly twice as large as for the UK, while the
share from agriculture is slightly larger. Net land use emissions in Wales are negative.

¢ Northern Ireland: emissions in Northern Ireland made up 5% of 2022 UK emissions. Northern
Ireland has the highest per-capita emissions of all UK nations, nearly double those in the UK
as a whole. This is primarily due o the large agriculture sector, which makes up 29% of
Northern Ireland’s emissions, a higher share than in any of the other nations. Land use
emissions are also considerably higher than in the rest of the UK. Across other sectors, the
makeup of emissions is similar to that for the UK overall, with a slightly higher share from
buildings and a slightly lower share from aviation and shipping.

3.4.2 Contributions to the Balanced Pathway

As part of our analysis to develop the Balanced Pathway, we have assessed the emissions
reductions that can be delivered in Scotland, Wales, and Northern Ireland. We have accounted for
differences in current and projected trends across the three nations as far as possible.

e Emissions reductions in Scotland, Wales, and Northern Ireland contribute around one-fifth of
the total UK-wide emissions reduction in the Balanced Pathway in 2040. The total
contributions to emissions reduction in each nation are similar to their shares of current
emissions.

e Asour Seventh Carbon Budget target advice is to the UK Government, advice specific to
Scotland, Wales, and Northern Ireland (including emissions pathways and detailed
assessments of sectoral confributions) will be given in their respective Target Advice reports,
which are due to be published in 2025.

3.4.3 Key differences in sectoral emissions pathways

In all sectors, baseline starting points have been aligned fo the latest available data on emissions
and energy consumption for each devolved administration. In addition, we have included nation-
specific assumptions where these are expected to drive significant differences in the level or pace
of change compared to UK-wide averages. As a result, the makeup of emissions reduction in each
nation varies, with differing contributions according to the sectoral makeup of each nation’s
emissions and differing rates of decarbonisation across sectors. The key differences in current
emissions levels and sectoral makeup are set out in Section 3.4.1 above. The key differences in the
pace at which each sector decarbonises in our pathway are:

e Surface transport: surface fransport emissions fall more slowly in Wales and slightly more
slowly in Northern Ireland than in the UK pathway. This is due to differences in assumptions
around electric vehicle uptake and modal shift.

— Average vehicle ages are slightly higher in Wales and slightly lower in Scotland, which
we reflect in our assumptions around the pace of fleet turnover to account for
differences in vehicle purchasing patterns in each nation. Electric cars made up 10% of
new sales in 2023 in Scotland, 8% in Wales and 11% in Northern Ireland, compared to
16% for the UK. This results in lower sales shares in the devolved administrations,
although the gaps close gradually as all nations are assumed to reach 100% of new
sales being electric by 2035.

— Our assumed levels of modal shift vary in line with the split between urban and rural

geographies in each nation. In particular, this results in slightly smaller reductions in
vehicle kilometres in Scotland and Northern Ireland than UK-wide.
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Residential buildings: Northern Ireland sees a faster rate of decarbonisation as it has a
higher proportion of homes off the gas grid, using oil for heating. Replacing these with heat
pumps delivers relatively high levels of emissions reduction, meaning that low-carbon
heating becomes cost effective sooner within our modelling in such premises.

Industry: around three-fifths of industrial emissions are modelled aft the site level. This means
that our modelling, in part, chooses the mix of decarbonisation opfions in each nation
based on the industrial sites located there. Wales sees very steep decarbonisation at the
beginning of our pathway due to the closure of the blast furnaces in Port Talbot.

Agriculture and land use: our analysis fakes info account the suitability of land in each
nation for different uses, as well as the substantial differences in the amount and type of
agriculture taking place.

— While the pace of agriculture decarbonisation is similar across all nations, the
magnitude of livestock emissions in Northern Ireland and (to a lesser extent) Wales and
Scotland means that the take up of low-carbon farming practices and measures that
reduce herd sizes will have more of an effect on total emissions in these nations.

— Scotland delivers a high share of total UK land-based removals. This is because tree
planting is shared proportionally across England, Scofland, Wales, and Northern Ireland
based on the availability of land suitable for planting, and there is proportionally more
land suitable for free planting in Scotland than in the other nations. This means that 39%
of the tfrees planted in our pathway between 2025 and 2050 are in Scotland.

— Wales has limited arable area appropriate for planting energy crops and lacks the
infrastructure and energy for using the biomass they produce. We have therefore not
included planting of energy crops in Wales, allocating them to England when possible.

Electricity supply: the modelling for electricity supply is plant-specific and considers existing
power plants. In particular, Northern Ireland is modelled as part of the all-island of Ireland
system. Renewables capacity is distributed across the UK based on resource availability and
other constraints, such as seabed availability. Scotland has strong suitability for renewables,
particularly wind power.

Aviation: we do not assume any demand management for domestic flights to or from
Northern Ireland or the Scottish islands, to not adversely affect connectivity to the UK
mainland. This leads to a slightly slower reduction in aviation emissions in Northern Ireland
and has a very small effect on emissions in Scotland.

Other sectors: there are also smaller differences in assumptions in other areas. We will

describe our pathway for each nation, including our approach to allocating engineered
removals between nations, in our advice reports to each devolved administration.
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Chapter 4: Costs and investment in the
Balanced Pathway

Infroduction and key messages

This chapter presents the costs and benefits accompanying the Balanced Pathway. It brings
together sector-based modelling to estimate the investment and operating costs required to meet
the pathway across the whole economy, quantifies non-monetary co-impacts of investment, and
sets out the split between public and private spending.

Our key messages are:

4.1

Between 2025 and 2050, an average investment of £26 billion per year will be needed in the
Balanced Pathway, peaking in the first half of the transition. Key areas for investment
include expanding the electricity system to account for higher rates of electrification and
improving buildings fo install low-carbon heating systems.

This investment will be offset by savings of around £22 billion per year on average in
operating costs, from improved efficiency and higher levels of low-cost renewable energy.

Savings from more efficient low-carbon technologies will begin to outweigh investment
costs during the Seventh Carbon Budget period (2038 to 2042) and continue to grow
towards 2050. The costs of key low-carbon technologies also fall over fime.

Given the balance of investment costs and operating savings, the overall cost of meeting
the Balanced Pathway is estimated to be around £4 billion per year, on average between
2025 and 2050, relative to the baseline. This is around 0.2% of the annual GDP expected
over the same period.

The private sector can provide the maijority of the required investment, as long as the right
incentives are in place. There is also a role for public spending, especially in meeting the
one-off costs of building improvements and to manage the distribution of costs and savings.
But the Government has considerable flexibility on the public sector share: it is for them to
decide this.

Estimating costs in the Balanced Pathway

4.1.1 Our approach to costs and benefits in the Balanced Pathway

To estimate the cost of the Balanced Pathway, we use Green Book-aligned social costs. These
reflect the cost of the fransition to the economy as a whole, rather than to certain individuals or
groups. All costs and benefits are additional, relative to our baseline of no further decarbonisation
action in the UK.” Our cost analysis can be categorised into:

“ Our baseline generally maintains the stock of low-carbon technologies that exist today (primarily renewable energy and
EVs), making adjustments for GDP and population growth (see Chapter 2).

The Seventh Carbon Budget 85



Whole-economy costs. These bring together sector-based analysis to produce an
economy-wide view of the investment and operating costs and cost savings required to
deliver the Balanced Pathway.

Co-impacts. Some costs and benefits of delivering the Balanced Pathway are less tangible.
For example, the shift from petrol and diesel vehicles to electric vehicles (EVs) reduces air
pollution, which improves health outcomes. These are also considered a social cost (or
benefit) and are presented separately fo our whole-economy costs, as well as in more
detail in Chapter 8.

Our headline figure for the cost of the Balanced Pathway presents the whole-economy cost
(excluding co-impacts). Our estimates do not include an assessment of the avoided loss and
damage from addressing climate change (see Section 4.1.5).

4.1.2 Our approach to estimating whole-economy costs

We present our whole-economy costs using three measures:”

Investment and operating costs. Our headline measure is made up of additional capital

expenditure (investment) and additional operating expenditure (operating costs) to form
an economy-wide view of the net additional cost we expect to be required to meet the
Balanced Pathway.

— Investment costs include the in-year premium cost paid for low-carbon assets (in our
pathway) compared to the high-carbon alternative (in our baseline). For example, in
the surface transport sector, the investment costs include the net cost or cost saving of
EVs compared to fossil fuel vehicles. They also include the cost of EV charge points,
and the labour required to install them.

— Investment costs are accounted for in the years of construction and do not include a
cost of capital (cost of borrowing). This is consistent with capital cost accounting in the
Green Book and the ONS National Accounts (which determine GDP).":2

— We also include optimism bias for risky capital projects, in line with the Green Book.

— Operating costs include the ongoing expenses incurred to maintain and run assefts.
These usually consist of maintenance and fuel costs. For example, operatfing costs in
surface transport would consist of the difference between the electricity and
maintenance costs for EVs and the fuel and maintenance costs for fossil fuel vehicles.
Since these are social costs, we do not include taxes or subsidies (including fuel duties
and VAT). Therefore, these operating costs will not align to the running cost that is paid
by a vehicle owner.

— Where costs are aggregated between sectors, costs that pass from one sector to
another are only included once. For example, where electricity supply and surface
fransport costs are combined, the cost of the electricity used for EVs is included in the
surface tfransport sector and excluded from the electricity supply sector. This ensures
that there is no double counting in our aggregate costs.

Annualised resource costs. From the perspective of businesses and households, capital
projects are often not paid for in-year but financed across the lifetime of the investment.
This measure smooths capital spending and combines this with in-year operating costs.

“ All our cost analysis is in 2023 prices, unless otherwise stated.
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— This process more closely resembles the flow of capital spending as it would appearin
company profit and loss accounts.

— We annualise additional capital expenditure using a 3.5% social discount rate, in line
with Green Book discounting practices.

¢ Average abatement costs. To assess the relative cost effectiveness of measures in the
Balanced Pathway, we compare the cost per unit of emissions reduction (£/tCO2e) for
different measures.

— Abatement costs are calculated by dividing the net present value of a unit’s lifetime
cost by the net present value of its lifetime abatement (both discounted at the social
discount rate of 3.5%). Generally, if a measure’s abatement cost is lower than the
carbon value (which represents the value UK society places on avoiding emitting
1 t1CO2¢), then we assume that this is cost effective and can potentially be included in
our pathway.3 However, we also consider a range of other constraints fo determine
whether a measure’s abatement cost is included (see Chapter 2).

— Cost effectiveness judgements for deciding whether or not a measure can be
included in the pathway are generally based on the abatement cost of an individual
new unit. However, in this costing analysis we present in-year average abatement
costs, which combine the abatement costs of all units which are operating in that year.
For example, the average abatement cost of EVs in 2050 is the combined abatement
cost of EVs which are made or driven in 2050.

— As with our other cost meftrics, abatement costs are additional to a baseline of no
further decarbonisation action. Therefore, a negative abatement cost signifies that this
measure is cheaper than the alternative in the baseline.

4.1.3 Our approach to estimating the cost of co-impacts

We model co-impacts of the Balanced Pathway for households and wider society. They are briefly
summarised here and discussed in detail in Chapter 8.

Co-impacts are presented as a financial value to society, valued in line with Green Book appraisal
guidance. Our analysis only includes co-impacts where there is sufficient evidence available, and
where the impact is both feasible and material to model. As a result, this is not a comprehensive
assessment of all co-impacts but an estimate of the most significant and most well-evidenced co-
impacts only.

4.1.4 Our approach to estimating fiscal impacts

We estimate a range of possible outcomes for public expenditure, based on illustrative, high-level,
policy options. The range is intentionally wide, reflecting the considerable discretion government
has in deciding policies. We take additional capital expenditure as a starting point, and assess
what proportion of this in each year, at an upper and lower estimate, would be public expenditure.
We also include some operating costs that might fall to public expenditure.

4.1.5 Costs of doing nothing

The additional costs we present are relative to a baseline which assumes no further climate policy
action compared to today. We have not taken into account the costs of loss and damage that
would result from failing to address climate change.
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UK progress on climate change in our Balanced Pathway does not guarantee global progress on
reducing emissions, so we cannot assume that the costs that come with climate change are
avoided in the Balanced Pathway and included in the baseline. As discussed in Chapter 9, the
impacts on UK GDP of unaddressed climate change are likely to be higher than the whole-
economy costs presented below.

4.2 Costs in the Balanced Pathway

4.2.1 Whole-economy costs

Whole-economy cost drivers

Whole-economy costs are an output of our emissions pathway. The level of cost in each year and
the distribution of costs between years are predominantly driven by the following factors:

¢ Technology costs: upfront capital costs in the pathway are often higher for low-carbon
technologies than for high-carbon alternatives. In many sectors, tfechnology costs fall over
fime due fo fechnological improvements, innovation, learning rates, and economies of
scale.

e Energy costs: operating costs in many sectors are driven by the cost of energy and the
quantity of energy required. Many of the measures in the Balanced Pathway switch from
fossil fuels to electricity. Electric tfechnologies are innately more efficient, meaning they use
less energy than the high-carbon alternative.

¢ One-off costs of building improvements: installing low-carbon heating will often require a
one-off improvement to buildings. Many of the UK’s homes have been designed around
gas central heating. Buildings will need to be improved to be suitable for heat pumps, for
example by rerouting pipe work. Once complete, the work will not need to be repeated in
heat pump replacement cycles.

¢ Timing of deployment of low-carbon technologies: varying deployment rates can cause in-
year additional capital costs to appear volatile. Deployment of low-carbon technologies
varies between sectors, depending on when these become cost effective, sector-specific
delivery constraints, and replacement cycles. For example, renewable energy is deployed
quickly, increasing electricity capital expenditure in the 2020s and 2030s.

¢ Levels of demand: in some areas, there are differences in levels of demand between the
pathway and the baseline. For example, energy efficiency measures in buildings reduce
subsequent energy demand. These changes have implications for capital and operating
costs.

Investment and operating costs

Delivering the Balanced Pathway will require significant upfront capital investment in low-carbon
technologies, including renewables, heat pumps, and EVs. However, this investment will generate a
return in operating savings in later years. When combining the required investment and operating
savings across the economy, we expect the average cost of the Balanced Pathway to be £4 billion
per year between 2025 and 2050 (Figure 4.1). This franslates to around 0.2% of GDP (using Office for
Budget Responsibility (OBR) estimates).4

e Over the 25-year period, we expect the fotal net cost (investment less operating savings) to
be around £110 billion. This cost is front-loaded into the first half of the transition period,
peaking at an annual net cost of £33 billion in 2029.
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¢ Due to falling technology costs and increasing operating savings, the net cost becomes
cost saving during the Seventh Carbon Budget period (around 2041), leading to a net
saving of around £35 billion in 2050.

Figure 4.1 Additional capital expenditure and operating «
costs in the Balanced Pathway, compared to the baseline
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Description: Additional costs in the Balanced Pathway are front-loaded, peaking in 2029. Capital costs are offset by operating savings
in later years, with the pathway becoming a net cost saving overall in 2041.
Source: Climate Change Committee (CCC) analysis.
Notes: (1) In-year costs are in 2023 prices. (2) Capex is additional capital expenditure and opex is additional operating expenditure.
Both are relative to a baseline of no further decarbonisation action. (3) The ‘other’ category includes fuel supply, aviation, shipping,
agriculture, land use, industry, waste, engineered removals and F-gases. (4) Capex and opex are accounted in the years of
construction and operation respectively, in line with Green Book practices. In this aggregation of costs, we adjust for double counting
by removing the cost of electricity and low-carbon fuels from the sectors which produce them and maintaining this cost in sectors
which consume them.

Investment in the Balanced Pathway

On average, meeting the Balanced Pathway will require investment of around £26 billion per year
into low-carbon technologies and infrastructure (Figure 4.2). This is equivalent to around 0.9% of
annual GDP. Investment aft this scale is likely to deliver a range of benefits beyond Net Zero,
including boosting productivity and supporting new jobs (see Chapter 9).

¢ Investment of around £26 billion per year would boost the UK's annual economy-wide
capital spending from 2022 levels to around 19% of GDP. This remains below the OECD
average (22% of GDP in 2022).°

* Investment ramps up quickly in the late 2020s and 2030s, peaking at around £46 billion in

2029. It begins to fall in the late 2030s and 2040s, as deployment slows and the costs of low-
carbon technologies fall.
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¢ While we have not explicitly modelled investment costs after 2050, we can reasonably
expect they would contfinue to fall, as most one-off structural investment is spent before
2050.

e For the energy system, the net capex line in Figure 4.2 only includes the investment required
to decarbonise the current system. The cost of expanding the system to meet additional
demand for electricity and low-carbon fuels is already accounted for in our operating cost
chart (Figure 4.3). This ensures we do not double count the same costs. However, it is useful
to understand the total additional investment that needs to be financed, before taking
account of double counting. We include this total additional investment in the financing
requirement line (noting this financing requirement includes both the investment set out in
Figure 4.2 and some costs that appear in our assessment of operating costs shown in
Figure 4.3).

The main drivers of additional capital expenditure for key sectors are set out below.

e Electricity supply: Figure 4.2 shows the investment that will be required to decarbonise the
current electricity system. This is front-loaded in the 2020s and 2030s and becomes negative
in 2044 as the capital cost of renewables falls below the cost of gas generation in the
baseline.

* Buildings: significant investment will be required in the buildings sector throughout the
fransition, primarily due to the upfront costs of low-carbon heating installation and making
energy efficiency improvements. Much of this investment will be on one-off structural
changes (for example, rerouting pipes in existing homes), which will not need to be
repeated.

e Surface transport: investment costs are primarily driven by charging infrastructure and the
costs or savings from buying EVs. Between 2026 and 2028, electric cars and vans reach
price parity with petrol and diesel vehicles. After this point, new cars and vans generate a
capital saving compared to our baseline, though new heavy goods vehicles remain a
capital cost.

e Aviation and shipping: due to reduced demand for flying between our baseline and
Balanced Pathway, netf investment in the aviation sector is negative, while investment into
SAF is accounted for in aviation operating costs. Investment costs for shipping consist of
efficiency measures and low-carbon fuel engines for ships.

* Engineered removals: investment in the removals sector includes bioenergy with carbon
capture and storage (BECCS) plants and technology, and costs associated with direct air
captured CO: for storage and producing synthetic fuels used in aviation and shipping.

¢ Industry and fuel supply: investment in these sectors is made up of industrial processes
switching to electrification and hydrogen. It also includes the addition of carbon capture
and storage (CCS) processes, and decommissioning of existing fossil fuel production
facilities. The cost of producing low-carbon fuels is captured in the operating costs
(Figure 4.3).

e Agriculture and land use: investment into natural capital includes woodland creation

(including planting, establishment, and fencing) and peatland restoration. Investment into
agriculture consists of low-carbon machinery and soil and livestock measures.
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Pathway, compared to the baseline
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Description: Investment in the Balanced Pathway is front-loaded, peaking in 2029. This cost falls over time as the cost of low-carbon
technologies fall relative to the baseline.

Source: CCC analysis

Notes: (1) In-year costs are in 2023 prices. (2) Capex is additional capital expenditure and opex is additional operating expenditure.
Both are relative to a baseline of no further decarbonisation action. This is a Green Book aligned view on costs, where capex is
accounted in the years of construction. (3) To avoid double counting (DC), the sector bars and net capex line include the cost of

The financing requirement line includes this additional investment.

decarbonising the current energy system, while the cost of expanding the energy system is included in our operating costs (Figure 4.3).

Figure 4.2 Additional capital expenditure in the Balanced m

Key technology costs

Investment costs are, in part, driven by the cost of low-carbon technologies. In recent years, we
have seen the cost of low-carbon technologies fall rapidly in the UK as markets have begun to
establish supply chains and benefit from learning-by-doing and economies of scale. We expect
these frends to confinue in the Balanced Pathway, as low-carbon technologies are rapidly
deployed in the early years of the transition. Our technology unit cost assumptions are set out in
Table 4.1.
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Table 4.1
Unit costs for key technologies

Sector Technology Technology cost in the Balanced Pathway % reduction
from 2025 to
2025 2040 2050 2050
Electricity Onshore wind £1,410/kW £1,260/kW £1,200/kW
supply
Offshore wind £1,840/kW £1,300/kW £1.120/kW 39%
Solar PV £560/kW £310/kW £280/kW 50%
Nuclear £12,920/kW £10,330/kW £10,330/kW 20%
Gas CCS £1,790/kW £1,560/kW £1,560/kW 13%
Surface Medium electric car £23,160 £18,580 £18,050 22%
transport
Electric van £29,490 £24,700 £23,930 19%
Electric small rigid HGV £119,560 £81,270 £78,610 34%
Residential Air source heat pump £10,900 £8.860 £7.520 31%
buildings
Ground source heat pump £11,200 £8.790 £7.340 34%
Heat network £12,120 £9.110 £7.,430 39%
Description: The costs of low-carbon technologies in the Balanced Pathway are falling between 2025 and 2050.
Source: CCC analysis.
Notes: Electricity supply technology costs are presented here in terms of £ per unit of capacity, not £ per unit of energy generation, so will
differ from technology costs presented in the electricity supply sector. Heat pump costs consist of a fixed cost component for labour and
materials (including the heat pump itself), and a variable cost component which increases these costs depending on system size. We use
an average system size of 12 kW. These do not include ancillary costs such as hot water tank or radiator upgrades. The heat network cost
includes the cost of connecting a 12 kW household to a heat network and the household heat interface unit.

Operating costs in the Balanced Pathway

Operating costs in the Balanced Pathway tend to be lower than in our baseline, saving the
economy £22 billion on average each year between 2025 and 2050 (Figure 4.3). In terms of GDP,
this saving amounts to around 0.7%.

¢ The main driver for reduced operating costs in our pathway is improved efficiency from
electrification. More efficient electrified technologies across sectors reduce energy
demand, therefore reducing running costs. Electricity itself is also produced with lower
operating costs, as renewable technologies utilise free sources of energy from wind and
solar.

e  We expectinvestment in the Balanced Pathway to generate net operating savings
immediately, starting at around £2 billion in 2025 and growing each year to peak at a net
saving of around £33 billion in 2050. Similarly to investment costs, we expect these savings to
continue to rise beyond 2050, as efficiency continues to improve and energy costs fall.

¢ The impact of these savings on household bills is affected by policy levers, such as taxes
and subsidies. Chapter 8 discusses the distributional effects of our costing outcomes.
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The main drivers of these costs in key sectors are discussed below.

e Electricity supply: operating costs in this sector are driven by fuel and maintenance costs.
Fuel costs generate savings compared to the baseline, due to the dominance of zero-fuel-
cost renewable energy in the pathway electricity tfechnology mix.

e Surface transport: this sector produces the largest share of operating cost savings in our
pathway. Around 86% of the savings in this sector can be attributed to cars and vans
switching from fossil fuel vehicles to more energy efficient EVs. These vehicles have lower
fuel costs and reduced maintenance costs since they have fewer moving parts.

* Buildings: energy-saving measures and the installation of heat pumps in buildings generate
operating savings of £1.3 billion in 2025, growing to £5.5 billion in 2050. Savings are primarily
driven by energy efficiency measures in residential buildings.

e Aviation and shipping: we expect demand in aviation fo grow more slowly than in the
baseline. This, combined with efficiency gains in aviation and shipping, drives operating
savings in the 2020s and 2030s. This is counteracted in later years by the uptake of more
expensive low-carbon fuels, including SAF and low-carbon shipping fuels such as methanol
and ammonia.

¢ Engineered removals: the operating cost of the removals sector, driven by energy and
mainfenance costs in direct air carbon capture and storage (DACCS) and BECCS plants, is
positive throughout the transition, reaching £4.7 billion in 2050.

¢ Industry: energy efficiency measures and increased electrification of industrial processes
generate operating savings. This is balanced by the increased operating cost associated
with hydrogen and CCS.

e Agriculture and land use: electrification of low-carbon machinery generates operating

savings for agriculture, while land use changes incur minor operating costs due to
management of woodlands, peatlands, and energy crops.
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Figure 4.3 Additional operating costs in the Balanced «
Pathway, compared to the baseline
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Description: Due to efficiency of electric technologies and lower cost of electricity, additional operating costs in the Balanced Pathway
are negative and cost savings grow over time.

Source: CCC analysis.

Notes: (1) In-year costs are in 2023 prices. (2) Operating costs are accounted for in the year they are spent. (3) Double counting is
removed between the capital and operating costs of sectors that produce energy (electricity and fuel supply, plus the shared costs for
direct air capture infrastructure used for synthetic fuel production, which are included in our engineered removals costs) and the
operating costs of sectors that use that energy. This cost is kept within the end-use sectors and removed from energy-producing sectors.

Annuadlised resource costs

The whole-economy annualised resource cost amortises (spreads forward into annual payments)
additional capital expenditure across the lifetime of the asset and combines this with in-year
additional operating costs (Figure 4.4). In absolute terms, the annualised resource cost of the
Balanced Pathway peaks at around £10 billion, which equates to around 0.3% of GDP.

e This produces a different view of whole-economy costs to Figure 4.1, where investment is
paid in-year. When annualised, aggregated investment costs are spread forward, peaking
in 2045 when in-year operating savings are higher, rather than 2029. Therefore, the peak
annualised resource cost as a percentage of GDP is lower than our peak in-year whole-
economy cost estimate.

* Between 2025 and 2030, immediate operating savings outweigh the annualised investment.
However, as investment extends to areas with higher abatement costs, this cost begins to
rise. In the 2040s, front-loaded investment begins to be paid back, reducing the annualised
resource cost towards 2050.

¢ We expect significant cost savings in surface transport and electricity supply (Figure 4.5).

Other sectors, including buildings and engineered removals, will maintain an additional cost
until 2050.
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Figure 4.4 Annuadlised resource capital and operating costs,
and annualised net costs as a proportion of GDP
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Description: The annualised resource cost of the Balanced Pathway is made up of annualised additional capital expenditure and in-
year additional operating expenditure. It peaks in 2040 at 0.3% of GDP and becomes negative in 2049.

Source: CCC analysis.

Notes: (1) Annualised resource costs combine investment costs amortised over asset lifetime and in-year operating costs, relative to a
baseline of no further decarbonisation action. Annualised costs are amortised at a rate of 3.5%. (2) Double counting is removed
between the capital and operating costs of sectors that produce energy (electricity and fuel supply, plus the shared costs for direct air
capture infrastructure used for synthetic fuel production, which are included in our engineered removals costs) and the operating costs
of sectors that use that energy. This cost is kept within the end-use sectors and removed from the energy-producing sectors. GDP
projections are based on the OBR forecast from March 2023.
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Figure 4.5 Annualised resource costs in key years «
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Description: By 2050, some sectors (including electricity supply and surface fransport) have cost saving annualised resource costs, while
others (including buildings, engineered removals, and fuel supply) remain a positive cost.

Source: CCC analysis.

Notes: (1) The data labels represent the annualised resource cost of that sector as a proportion of GDP in 2050. (2) Double counting is
removed between the capital and operating costs of sectors that produce energy (electricity and fuel supply, plus the shared costs for
direct air capture infrastructure used for synthetic fuel production, which are included in our engineered removals costs) and the
operating costs of sectors that use that energy. This cost is kept within the end-use sectors and removed from the energy-producing
sectors.

Average abatement costs

The whole-economy cost metrics discussed above combine all measures in the Balanced Pathway.
In this section, we look at the cost of individual measures relative to their abatement potential (their
abatement cost). Our pathway includes a range of measures with a range of abatement costs
(Figure 4.6).

e By 2050, measures which are cost saving compared to our baseline have negative
abatement costs. In particular, abatement through the purchase of electric cars and vans
and through decarbonisation of the electricity system is cost saving compared to high-
carbon systems today.

* Abatement costs improve from 2025 to 2050. Technological improvements to abatement
potential and reductions in the cost of low-carbon tfechnologies have a downwards impact
on abatement costs between 2025 and 2050. For example, abatement costs for electric
cars and vans fall from £220/1CO2e to -£210/tCO2e over the 25-year period.

¢ Engineered removals and low-carbon fuels are the least cost-effective measures included
in the Balanced Pathway. Due to high capital costs and energy intensities of these
measures, their abatement costs in 2050 remain high compared to other measures
operating in the economy. One of the most expensive measures operating in 2050 is SAF
which costs around £260/1CO2e.
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e All measure groups are cost effective against the central carbon value, which rises to
£409/tCO2e in 2050.” Once aggregated, all the measures in the Balanced Pathway are cost
effective relative to the carbon value in this year.?

The order of measures in this chart is not the only consideration for when measures should be rolled
out in the Balanced Pathway. Our pathway also accounts for feasibility constraints and dynamic
cost effectiveness. More discussion of how abatement costs are used to prioritise actions in our
pathway can be found in Chapter 2.

Figure 4.6 Cross-economy average abatement costs in 2050 «
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Description: By 2050, many abatement measures are cost saving, including electric cars and vans, electricity decarbonisation, and
energy efficiency in buildings. Other measures, including engineered removals, CCS, and low-carbon fuels, remain costly per unit of
abatement delivered, but are cost effective relative to the central carbon value.

Source: CCC analysis.

Notes: (1) The average abatement costs are calculated at measure level and represent the average lifetime abatement cost of a unit
operating in 2050. (2) In this chart, some measure-level abatement costs are combined using a weighted average of abatement to
show subsector- or sector-level average abatement costs in 2050. (3) The average abatement cost for sustainable aviation fuel (SAF) in
2050 is lower than the marginal abatement cost discussed in Section 7.6. This is because it represents the average abatement cost
across all types of SAF, rather than only synthetic fuel, which is the marginal unit in 2050 and is expected to be more expensive.

" The central carbon value sets out the value to UK society of abating 1 tCO2e (tonne of carbon dioxide equivalent), using
cenfral assumptions.

" Measures are aggregated in Figure 4.6, using a weighted average of abatement. Some measures which abate very little
have an abatement cost above the carbon price. However, these are not significant once all measures are combined.
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Differences in costs compared to our Sixth Carbon Budget advice

Our costing estimates are lower than those from our Sixth Carbon Budget advice, in which the
annualised resource cost was estimated to be around 0.5-0.6% of GDP over the period from 2030 to
2050. There have also been changes to our estimates of whole-economy investment and operating
costs. The key differences in our costing estimates between our previous advice and what we
present here are:

¢ Different time periods. Costs and benefits incurred between 2020 and 2024, included in our
Sixth Carbon Budget report, are now in the past. Upfront costs from this part of the fransition
have been spent.

* Refined assumptions. We have updated our underlying assumptions to align with the latest
evidence. Many of these changes have influenced our cost profile, in both inflationary and
deflationary directions. For example, we have improved expectations of the falling cost of
EVs compared to petrol and diesel cars, bringing forward our assumption on years of price
parity. We have also tempered our expectation of the efficiency improvements of heat
pumps, reducing potential operating savings.

* Methodological changes. In our Sixth Carbon Budget advice, we assumed that low-carbon
technologies already in the baseline would be replaced with high-carbon alternatives
when they reach the end of their lifetimes. Since low-carbon measures are becoming more
mainstreamed, we now assume that the stock of low-carbon technologies that exist today
(primarily renewable energy and EVs) generally remains constant in our baseline over time.

4.2.2 Co-impacts

Quantified co-impacts are estimated to provide £2.4-£8.2 billion per year in net benefit by 2050,
largely due to positive health impacts.” We present a range as co-impacts are affected by whether
there is a rebound effect as a result of the transition to EVs (an increase in driving due to lower
driving costs), which is uncertain. Chapter 8 discusses co-impacts in more detail.

¢ The largest quantifiable co-impact of our pathways is the health benefit related to
improvements in outdoor air quality due to the switch to low-carbon heating, electric cars,
and modal shift.

e Ofther quantified co-benefits include better insulated and less damp homes and health
improvements from a reduction in average meat and dairy consumption. The main

quantified cost is the increased fravel fime on public transport.

We set out the detail on co-impacts in Section 8.4.

4.3 Fiscal impacts

The Climate Change Act requires that we consider ‘fiscal circumstances, and in particular the likely
impact of the decision on taxation, public spending and public borrowing'’.

" Note that these quantified co-impacts are not included in the whole-economy costs presented in Section 4.2.1.

98 The Seventh Carbon Budget



4.3.1 Public expenditure

The specific mechanisms used to support the fransition are a choice for government. Market
mechanisms can be used to ensure that the private sector brings forward the majority of the
required investment, particularly in the later years of the transition. There is also a case for public
spending in some areas, especially the upfront costs of buildings improvements. Our citizens’ panel
supported taxpayer-funded grants here, which is discussed in Chapter 8.

e We have estimated a range of possible outcomes for public expenditure, based on
illustrative, high-level policy options. The range is intentionally wide, reflecting the
considerable discretion government has in deciding policies. Some areas, such as the
public sector’'s own buildings, inevitably fall fo public expenditure.

e  We anficipate public spend being higher early in the transition, fo drive investment in
technologies at their early stages and to foster innovation and commercialisation of early-
stage technologies. We expect this to reduce in later years as the market delivers the
remaining required investment.

— We estimate that for the Balanced Pathway, approximately £6-£23 billion of additional
capital investment would be publicly funded in 2035, falling to £1-£4 billion in 2050
(Figure 4.7). Public spend per year in our estimates never exceeds 2% of total managed
public expenditure.”

— In our estimates, the private sector funds between two-fifths and over nine-tenths of
additional capital expenditure from 2025 to 2050 (varying by year and by upper and
lower estimate).

— Our estimates are similar fo the OBR’s estimates of public spend, which were based on
our Sixth Carbon Budget pathway. The OBR found that public debt in an unmitigated
climate change scenario is significantly higher than public debt as a result of action on
climate change by 2050.¢

e Policy support will be critical to support households to overcome upfront capital costs for
low-carbon heating and some energy efficiency measures. Initial support for upfront capital
investment for areas such as CCS and industrial electrification will also be required.

— Support for low-carbon heating for homes is the largest driver of public spend in our
upper estimate, averaging £6 billion per year from 2025 to 2035. However, if the
Government were fo move quickly to implement policies fo support market scale-up,
set a phase-out date for gas boilers, and infroduce a point-of-sale requirement from
2030, public spend in our lower estimate could be lower at close to £1 billion on
average per year from 2025 to 2035.

— Our distributional modelling discussed in Chapter 8 has public expenditure implications
for two illustrative policy packages, specifically for residential buildings and transport.
These fall within the ranges set out below.

— Some policy support will be needed to enable businesses to fransition, including farmers
and small businesses and support for woodland creation and peatland restoration.
Initial upfront support for capital investment into industrial decarbonisation, CCS, and
removals (on average between £1-£3 billion per year in total from 2025 to 2035) is
included in our estimates but this reduces significantly from 2036.

" This is based on OBR's projected total managed expenditure from 2025 to 2029. For 2030 onwards, we assume an average
of total managed public expenditure from 2025 to 2029. We make no adjustments from 2030 for GDP, effectively assuming
for these calculations that it does not change from levels in 2025 to 2029.

The Seventh Carbon Budget 99



e Classification of the costs of future nuclear power stations is a matter for the Office for
National Statfistics.” It is possible that Sizewell C and subsequent projects could be classified
as public expenditure. This would represent an additional £4-£6 billion per year in the 2030s
in our Balanced Pathway. Once generating, nuclear power stations would then produce
public sector receipts offsetting these costs, or might be reclassified outside of public
expenditure. Pending any decision on classification, these costs are not included in our
estimates for public expenditure.

¢ Government might choose to pair Net Zero objectives with wider objectives and overall
spend more on certain objectives, such as nature restoration or insulation for fuel poor
homes. There may be overlaps or reductions in spending in other areas.

Figure 4.7 Estimated range of public expenditure m
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Public spend (£bn)
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2025 2030 2035 2040 2045 2050

=== Range of public spend = Financing requirement

Description: We anticipate public spend being higher early in the transition and to reduce in later years. Throughout the transition,
estimated public spend is a relatively small proportion of the financing required.

Source: CCC analysis.

Notes: (1) Data represent a range based on illustrative policy options. Actual policy choices are for government to decide. (2) We used
Balanced Pathway additional capital expenditure (before double counting adjustments) and applied upper and lower estimates of
the proportion of this that would be publicly funded. We based this assessment on economic incentives for private actors to adopt
Balanced Pathway measures, committed budgets, and distributional considerations. (3) The financing requirement line used here is
different to the additional capital expenditure used for the whole-economy costs analysis, where the cost of generating additional
energy is maintained in sector operating costs and removed from capital costs, to avoid double counting. As this analysis considers
only capital expenditure, we use the pre-adjusted numbers. Numbers are still consistent with whole-economy costs.

4.3.2 Tax receipts

Environmental taxes are a relatively small proportion of total UK tax receipts. The Government will
need to make plans fo address the loss in revenue from fuel duty.

e Environmental taxes that raise government revenue represented 5% of total UK tax receipfts
in 2023, consisting mostly of fuel duty (47%), vehicle excise duty (15%), renewable
obligations (14%), the UK Emissions Trading Scheme (11%), and air passenger duty (7%).8
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e Without an increase in the rate of fuel duty, we expect to see fuel duty tax receipts decline
rapidly, leading to a gap in revenue for the Exchequer. If fuel duty remained at the same
rate as foday, falling demand for fuel for vehicles would result in revenues being about a
third lower in 2030 than levels in 2023 (£25 billion).

¢ We have not estimated what the likely impact of our pathway is on tax receipts across
other sectors. If we assume a broad continuation of policy commitments, most changes in
tax receipts will be gradual.

Environmental taxes such as carbon taxes could be used to incentivise households and businesses

to shift fowards low-carbon technologies. This could leverage additional revenue in the short term,
although if taxes are effective in shiffing behaviour, then this revenue would not last.
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Chapter 5: Delivering the Seventh
Carbon Budget

Infroduction and key messages

This chapter discusses what the Balanced Pathway means in practice, setting out a collection of
indicators of the changes required and discussing our recommendations for how fo deliver them.

Our key messages are:

Delivery of the Balanced Pathway requires a rapid ramp-up in roll-out of a range of low-
carbon technologies and a sustained shift away from high-carbon activities. A combination
of markets, government support, and choices by the public and businesses are needed to
ensure delivery.

Many of the key tfechnologies are already well-established and are ready to deploy and
scale. Where the way forward is clear, the task for government and businesses is to deliver
it. The pace of technology roll-out and sustained shifts in behaviour are comparable with
fransitions which have happened in the past in the UK.

Low-carbon technology uptake is typically expected to follow familiar 'S-curve’ dynamics,
whereby roll-out accelerates quickly as production scales up and prices fall. Prices in many
areas (for example, batteries and solar panels) have fallen rapidly and are now lower than
ever.

Sustained shifts away from high-carbon activities are important where low-carbon
technologies are not available or will take longer o develop. These can be achieved by

ensuring that alternative low-carbon choices are accessible and affordable.

43 priority recommendations to the Government support delivery of our recommended
Seventh Carbon Budget. There are seven themes underpinning them:

— Electricity needs to be cheaper, to incentivise a switch to low-carbon electric
technologies across many sectors.

— Barriers must be removed, including in planning, consenting, and regulatory funding, fo
enable grid connections and rapid deployment of low carbon technologies.

— Government must provide certainty, by providing timely decisions on hew technology
choices to provide confidence to consumers and investors.

— Households need to be supported to install low-carbon heating to address barriers
presented by upfront costs, especially in the case of low-income households.

— Businesses need clarity on the balance between government support and market
mechanisms, so they can make the transition to low-carbon operations.

— Growing workforces will be a critical enabler of some of the changes that are needed.
A plan is required to enable this and to support workers in areas that will be affected.

— An engagement strategy is needed to provide clear information to households and
businesses, to help them understand the choices available to them.
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5.1 Delivery indicators in the Balanced Pathway

5.1.1 Principles of progress monitoring

Effective mechanisms to monitor progress are essential to allow barriers and risks to delivery of the
UK's emissions targets to be identified and addressed. This requires a set of indicators that set out
what is needed and enable reliable early assessment of progress towards achieving this. Further
details on our approach to progress monitoring can be found in our 2022 Monitoring Framework.

5.1.2 Key indicators

In this section, we present the key indicators across the economy, with more detail provided for
some sectors in Chapter 7. These indicators set out the key real-world changes that deliver the
emissions reductions in our pathway. We have grouped the indicators info the following categories:

¢ Roll-out of low-carbon technologies and land-based actions. Low-carbon fechnologies and
land-based actions deliver a large share of the emissions reduction in the Balanced
Pathway. The rate at which this occurs will be crucial. We consider two categories:

— Quantity-based indicators. These set out the pace of roll-out. In most cases, this is
expected to follow established trends of fechnology fransitions, such as 'S-curves’
whereby roll-out accelerates quickly as production scales up and prices fall. We
present these indicators in terms of the impact of technology roll-out on the makeup of
the overall stock, as this is what drives the required reductions in emissions. For progress
monitoring, especially in the early phase of deployment, fracking annual roll-out rates
may give clearer insight into progress.

— Price-based indicators. These show the changes in prices that influence roll-out rates.
Prices of many low-carbon technologies are falling quickly, making them rapidly more
cost effective and appealing for consumers and businesses. It will be important to
monitor these trends to identify any areas where cost could pose a barrier to roll-out.”

* Demand for high-carbon activities can be reduced both through measures to enable
sustained low-carbon choices by consumers and businesses and through improvements to
efficiencies. These indicators set out the key changes in our pathway, in terms of either a
decrease in high-carbon activity or a corresponding increase in a low-carbon one. To
monitor progress, it will also be important to track delivery of key enabling actions that
make low-carbon choices easier, more attractive, and more affordable.

Roll-out of low-carbon technologies and land-based actions

In this section, we present deployment frajectories and projected price trends for the key low-
carbon technologies and land-based actions that feature in our pathway. As discussed in Chapter
3. electrification across a range of sectors delivers the majority of the emissions reduction required
to meet the Seventh Carbon Budget, with important supporting roles for low-carbon fuels and
carbon capture and storage (CCS), nature, and engineered removals. We focus this collection of
headline indicators on these areas.

“ All our price-based indicators are in 2023 prices.
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¢ Many of these key technologies (for example, electric cars and renewables) are already
mature technologies with established markets in the UK, ready to deploy and scale. Others,
for example heat pumps, are mature technologies globally but require a significant scale
up of UK skills and supply chains. Once achieved, we have confidence roll-out can grow
rapidly.

e Our pathway also relies on some technologies that are sfill in their infancy, but which will
become crucial later on in the tfransition. This applies to the development of low-carbon
fuels, CCS, and engineered removals. There will be different expected timescales
associated with the ramp-up of each type of technology. Section 5.2.1 discusses this in
more detail.

Our key indicators show the rate at which these roll-outs progress and the pace of cost-reductions
in our pathway, as well as how these compare to observed historical frends (Figures 5.1 and 5.2).

Electricity

Electric options are now the clear choice in many areas of surface transport, buildings, and
industry. Expansion of low-carbon electricity supply, through deployment of renewables and grid
infrastructure upgrades, will be critical to enable the roll-out of these technologies.

* Low-carbon electricity supply: offshore and onshore wind, fogether with solar, provide the
bulk of generation in the future electricity system in the Balanced Pathway.

— Offshore wind: offshore wind grows from 15 GW of capacity in 2023 to reach 88 GW by
2040 (Figure 5.1a). This will require a rapid ramp-up this decade, with annual installation
rates more than freble those seen over recent years. The average cost of offshore wind
is expected to fall from £49/MWh to £35/MWh by 2040 (Figure 5.2qa).

— Onshore wind: onshore wind capacity doubles to 32 GW by 2040 (Figure 5.1b). This will
require recent annual installation rates to freble this decade, requiring installation rates
comparable to the annual roll-out rates previously sustained during the mid-2010s.

— Solar: solar capacity increases to 82 GW by 2040, compared to 16 GW in 2023 (Figure
5.1c). Recent annual installation rates will need to almost quadruple this decade,
reaching similar levels to the historical peak seen in 2015. The cost of solar has fallen
significantly in recent years, and is expected to fall further in our pathway, from
£52/MWh to £29/MWh by 2040 (Figure 5.2b).

— The electricity grid: these technologies need to be accompanied by investment in
network infrastructure, including rapidly building out the transmission grid and speeding
up the grid connection process, which currently poses a barrier to electrifying industry
and HGV depots. Steep growth is needed from today out to 2040 (Figure 5.1d).

e Electric vehicles: by 2040, 80% of cars and 74% of vans on the road will be electric vehicles
(EVs) in the Balanced Pathway, up from 2.8% and 1.4% respectively in 2023 (Figure 5.1e). The
share of new car and van sales that are electric will grow quickly, reaching around 95% by
2030 and 100% by 2035.

— The transition to EVs is propelled by the falling cost of batteries (Figure 5.2c), which
allows electric cars to reach price parity with comparable petrol and diesel cars by
2026 to 2028 (Figure 5.2d). After this point, EVs will be cheaper to buy and run, making
them the clear choice for many buyers and allowing sales fo accelerate beyond the
minimum levels set out in the zero-emission vehicle mandate.
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— A crucial enabler of EV sales is a reliable network of public charge points. There has
been strong growth in the charging network over recent years (see Section 7.1). This
needs to continue, with our pathway growing from 54,000 public charge points in 2023
to around 300,000 by 2030.

e Heat pumps: by 2040, 52% of existing homes in the UK will be heated using a heat pump in
the Balanced Pathway, compared to around 1% in 2023 (Figure 5.1f). This requires the
annual rate of heat pump installations in existing residential properties to rise from 60,000 in
2023 to nearly 450,000 by 2030 and around 1.5 million by 2035, after which point all new and
replacement heating systems will be low carbon (mostly heat pumps, but with additional
shares from low-carbon heat networks and direct electric heating).

— Our modelling assumes that boilers are only replaced at the end of their typical
lifespan. Each year, typically around 1.8 million households replace their boiler.!

— By 2040, the cost of installing a heat pump for use in a typical residential property is
expected to be falling and will be lower than it is today (Figure 5.2e). Further savings in
installation costs may be possible as the market develops, but limited UK data makes
this uncertain.

— Non-residential buildings will also install heat pumps, with 83% and 95% of heat in
commercial and public sector buildings delivered by low-carbon technology by 2040.

— To enable the transition to low-carbon heat, it is vital that electricity and gas prices are
rebalanced. Currently, levies and other policy costs increase electricity prices,
disincentivising the take-up of low-carbon technologies. Delivering our pathway
assumes a range of policy approaches to remove this disincentive (see Chapter 8), as
well as underlying cost changes in gas and electricity production, resulting in the ratio
of electricity to gas prices falling from around 4 today to between 2.2 and 2.6 by 2040,
ensuring that the low-carbon choice allows consumers to save money through running
costs due to the greater efficiency of heat pumps (Figure 5.2f).

¢ Industrial electrification: electrification is the dominant measure for industry in the Balanced
Pathway. By 2040, electricity meets 61% of industrial energy demand, up from 26% in 2022
(Figure 5.19).

— The maijor sources of heat in industry are replaced with electric options including
electric boilers, electric ovens, electric furnaces in the glass sector, and, most
significantly, electric heat pumps which could produce a large part of industrial
demand for low-temperature heat. Electric arc furnaces will also replace blast
furnaces and basic oxygen furnaces for steel production.

— The ratio of industrial electricity to gas prices has fallen in recent years, partly due fo
support schemes for energy-intensive industries.? Such support schemes need to
continue and extend across a broader range of manufacturers (Figure 5.2g).

Low-carbon fuels and CCS

There is an important supporting role for low-carbon fuels, including hydrogen and aviation and
shipping fuels, and CCS technologies. These conftribute in areas less suited to electrification.

e CCS: CCSis used to capture combustion and process emissions in industry. It also plays a

role in underpinning engineered removals (discussed below), in hydrogen production, and
contributing to long-term storable, dispatchable power in the electricity supply sector.
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— The Balanced Pathway includes 15 GW of dispatchable low-carbon electricity
generation capacity by 2040 (Figure 5.1h). This includes gas CCS and hydrogen-fired
turbines. There is flexibility in the balance of these options. They are complemented by
26 GW of battery and other short- fo medium-duration energy storage, which helps
with operation of the system and balancing of daily variations in demand.

— To be able to play this cross-cutting role, CCS infrastructure delivery will need to extend
beyond currently agreed Track 1 projects, including to Track 2 and beyond.

¢ Low-carbon fuels: sustainable aviation fuel (SAF) meets 17% of aviation fuel demand by
2040, compared to around 1% in 2023 (Figure 5.1i). There remains uncertainty over the
optimal balance between different types of SAF, engineered removals, and measures o
manage aviation demand.

— The marginal unit of aviation fuel used during the Seventh Carbon Budget period is
likely to be synthetic SAF, for which prices are projected to be falling steadily by this
point (Figure 5.2h).

— By 2040, the Balanced Pathway sees ammonia meet 22% of shipping energy use and
synthetic fuels a further 17%, predominantly from synthetic methanol.

Nature

Land-based measures including planting new woodland and restoring peatlands are infegral in
growing the land carbon sink in the Balanced Pathway, which is needed to ensure that the
agriculture and land sectors together reach Net Zero.

¢ New woodland creation: planting new diverse woodlands delivers carbon sequestration in
vegetation and soils. By 2040, the proportion of UK land covered by woodland will increase
to over 16%, compared to 13% today (Figure 5.1j). When trees outside woodlands are
considered (for example under agroforestry and short-rotation forestry measures) this
increases to 19%. It is vital that free planting rates increase quickly, due to the fime taken for
new frees to reach peak sequestration rates. This will require free planting rates to more
than double from 13 kha in 2023 to 32 kha per year by 2030.

¢ Peatland restoration: the proportion of UK peatlands in natural or rewetted conditions will
rise from 26% in 2023 to 55% by 2040 (Figure 5.1k). This will require a considerable ramp-up in
annual restoration rates this decade, from 13 kha in 2023 to 49 kha per year by 2030.

Engineered removals

Engineered removals are needed to balance remaining emissions that cannot be abated in the
Balanced Pathway, principally from aviation.

¢ Engineered removails: by 2040, engineered removals will be operating at scale, with 21
MtCO2 being removed in total each year (Figure 5.11).

— In our pathway, the largest share of engineered removals in 2040 is delivered by BECCS
across various sectors, but the contributions from DACCS, enhanced weathering, and
biochar will be growing. There is substantial uncertainty around both the balance
between removals technologies and the frade-offs between removals, low-carbon
fuels, and demand management, so these shares could be different in practice.

— As the market scales up and demand to offset residual emissions grows, the costs of

removals are projected to fall. In 2040, the average cost of removals is expected to be
£324/1CO2, which is cost effective compared to the central carbon value (Figure 5.2i).
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a) Offshore wind operational
capacity (GW)

b) Onshore wind operational
capacity (GW)

Figure 5.1 Key indicators of roll-out of low-carbon
technologies and land-based actions in the Balanced
Pathway - quantity variables
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Balanced Pathway

Description: The key quantity indicators of the roll-out of low-carbon technologies and land-based actions in the Balanced Pathway
show continued growth in renewables, growth that follows an S-curve in the electrification of cars, home heating, and industry, a ramp-
up in tfree planting and peatland restoration rates, and growing contributions from low-carbon fuels and engineered removals.

Source: Historical data from DESNZ, NESO, DfT, EHPA, NAEI, Forest Research, Defra, and the devolved administrations; Climate Change

Notes: (d) The chart shows the average number of GW capacity added to each transmission network boundary. (f) The chart shows the
share of existing homes that are heated by a heat pump in each year, including homes with individual heat pumps and those
connected to communal heat pump systems. This share does not include homes connected to low-carbon heat networks (some of
which will use heat pumps). (j) Historical woodland area is based on the September 2024 Woodland Statistics release. Our modelling is
underpinned by the 2021 estimates of woodland area, which were lower than the most recent historical data.
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Figure 5.2 Key indicators of roll-out of low-carbon
technologies and land-based actions in the Balanced
Pathway - price variables
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— Historical

Description: They key price indicators of the roll-out of low-carbon technologies in the Balanced Pathway show steep historical cost
reductions for renewables and electric cars continuing to give further reductions, projected cost reductions for heat pumps, low-
carbon fuels, and removals, and the impact of required policy changes to reduce the price of electricity for households and

businesses.

Source: Historical data from IRENA, Bloomberg NEF, Autotrader, BSRIA, and DESNZ; CCC analysis.

Notes: All indicators are in 2023 prices. (c) Historical data shows the volume-weighted average price of battery packs across fransport
and stationary storage projects. (d) The electric car price ‘premium’ is the percentage price difference between a new electric car
and a comparable new petrol car, averaged across the distribution of new car sales by vehicle size. (e) The pathway shows the cost of
a first-time heat pump installation in a typical property, excluding any ancillary costs such as a hot water tank or radiator upgrades.
There is limited historical data on the cost of heat pump installations. The historical data shown are likely an underestimate: the average
cost of an air source heat pump installed under the Boiler Upgrade Scheme since its inception is £13,000. (f) The range represents the
effect of two policy approaches to reducing the price of electricity that we have considered in our distributional analysis (see

Chapter 8). (g) The future price ratio is based on our estimate of retail energy prices for manufacturers, minus the climate change levy,
which is also removed in historical data. The Balanced Pathway series also deducts the policy costs on electricity from which some
energy-intensive manufacturers are currently exempt. In the analysis for the industry pathway, we use long-run variable costs which
have a ratio similar to this series from 2025. (h) The chart shows the cost of synthetic sustainable aviation fuel, which is expected to be
the marginal unit of aviation fuel by the Seventh Carbon Budget period. (i) The chart shows the average cost of a new unit of

engineered removals deployed in the given year.
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Reducing demand for high-carbon activities

The deployment of low-carbon technologies needs to be done in parallel with a shift away from
high-carbon activities. This is particularly frue where no major low-carbon technology exists or
where these shifts are required to reduce emissions in the near term due to technologies taking
longer to develop. Our key indicators set out the levels of demand for high-carbon activities in our
pathway and how these compare to historical tfrends (Figure 5.3).

Demand

High-carbon demand can be reduced through measures that increase efficiency and sustained
shifts towards lower-carbon choices.

Road transport demand: enabling people to choose alternatives to driving can reduce
emissions and deliver a range of co-benefits. While the deployment of EVs delivers the
largest share of emissions reduction in road transport, it is also important to encourage a
shift away from cars fowards alternative modes of fravel. By 2040, total car-kilometres driven
per capita in the Balanced Pathway, including EVs as well as petrol and diesel vehicles, are
projected to rise slightly to 5-14% above 2023 levels, depending on the extent of possible
rebound effects due to EVs (Figure 5.3a).”

— Car traffic steeply declined during the pandemic. This fall and the subsequent recovery
have resulted in 2023 levels of per-capita car-kilometres being 7% below pre-pandemic
levels. Excluding the possible impact of rebound effects, car-kilometres driven per
capita remain below these 2019 levels all the way out to 2050.

— Our pathway represents a lower level of demand growth than if pre-pandemic growth
trends were resumed, with 7% of car kilometres shifted to public or active fravel by
2035.

Energy efficiency in buildings: by 2040, almost all homes will have taken some steps to
improve their energy efficiency (for example draught-proofing or lagging hot water
cylinders) in the Balanced Pathway.

— In addition, cavity wall insulation is installed in 16% of homes with cavity walls, such that
87% of these homes have insulation by the mid-2030s (Figure 5.3b).

— Additional loft insulation or top-up loft insulation is installed in 9% of homes with lofts,
such that all these homes have insulation by the mid-2030s.

Livestock numbers: support and incentives for farmers and land managers to diversify their
income streams and a reduction in meat and dairy consumption allow land o be released
out of livestock production for alternative uses. This leads the number of cattle and sheep to
fall by 27% by 2040 from 2023 levels in the Balanced Pathway (Figure 5.3c).

" We show this indicator as a range because the impact of EV rebound effects (that is, the potential for the lower cost of
motoring for electric cars to lead to an increase in car-kilometres) is uncertain and could be managed through policies. We
do include such effects in our modelling of the electricity supply required to support electrification of tfransport.

The Seventh Carbon Budget 111



— Average meat consumption declines by 25% by 2040 relative to 2019 levels (Figure
5.3d). This requires going beyond the existing UK long-term trend, which shows a
gradual reduction in meat consumption. In recent years, meat purchases have fallen
more steeply, with a 10% fall in overall meat consumption between 2020 and 2022. This
represents a faster rate of decline than in the Balanced Pathway.? It is foo early to tell
whether this steeper-than-projected frend will continue in the long term oris a
temporary response to the cost-of-living crisis, which saw an 11% decrease in overall
food purchases by weight between 2020 and 2022.4

Aviation demand: in the Balanced Pathway, per-capita aviation passenger-kilometres in
2040 are 16% above 2025 levels, with demand growth from the mid-2030s contingent on
low-carbon technologies being available (Figure 5.3e).” This is a considerably lower increase
than in the baseline, in which per-capita demand grows by 53% by 2040.

— Aviation demand can only grow if aviation sector technology roll-out progresses and
begins to abate and offset aviation emissions, with demand management playing an
important role in the 2020s and 2030s while availability of SAF and engineered removals
is limited. As a result, per-capita passenger-kilometres remain relatively flat between
2025 and the early 2030s.

— As SAF and engineered removals become more widely used from the mid-2030s,
demand then grows from this point (although demand remains below baseline levels).
This growth is conditional on these technologies developing as projected.

Recycling: foday, around 45% of household waste is recycled, although there is significant
regional variation. In the Balanced Pathway, this average level increases to 57% by 2035, a
rate already achieved in Wales (Figure 5.3f). Recycling rates for commercial and industrial
waste, including municipal non-household waste, are expected to rise even higher, to 74%.

“ The aviation sector uses 2025 as a reference year for flying demand as 2023 demand still appears to be rebounding from
the COVID-19 pandemic and because 2025 is when the high carbon value is infroduced in the modelling (see Section 7.6).
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Figure 5.3 Key indicators of demand for high-carbon activities «
in the Balanced Pathway
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m— Historical Balanced Pathway

Description: The key indicators of demand for high-carbon activities in the Balanced Pathway show distance travelled by car and by
plane growing more slowly than historical trends, reductions in meat consumption that build on historical trends, falling livestock
numbers, and increasing recycling rates.

Source: Historical data from DfT, MHCLG, Defra, CAA, and ONS; CCC analysis.

Notes: (a) The range represents the uncertain impact of rebound effects, which could increase driving as a result of the cheaper cost
of motoring offered by electric vehicles. (c) Livestock numbers at the start of the pathway are higher than the most recent historical
year due to the increase in sheep numbers in the baseline from 2022. (d) Consumption of meat at the start of the pathway is aligned to
the existing UK long-term trend. This means it is above the most recent historical years (2021 and 2022) when levels fell more steeply, but
it is too early to tell whether these reductions will continue in the long term or are just a temporary reaction to the cost-of-living crisis.

5.2 The role of markets, governments, and the
public in delivering the transition

The roll-out trajectories and shifts described in Section 5.1 are all deliverable through a combination
of markets, government support, and choices by the public.

5.2.1 Delivery through markets

The private sector has a proven record of innovating and delivering rapid fransitions in tfechnologies
and consumer choices, provided the right conditions and incentives are in place to enable this.
Mass-market roll-outs of mobile phones, refrigerators, and intfernet connections all took place over
similar timescales to those required for the uptake of EVs, heat pumps, and renewables.>¢7 These
low-carbon markets are already growing quickly, both in the UK and oversecs.
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Almost all major vehicle manufacturers now offer a range of electric car options, with more
than 100 models now available in the UK.8 Choices are available across all market
segments, and offerings in the van and HGV markets are also growing.

Heat pump markets are growing across Europe, following countries such as Denmark and
Sweden in which they are already well established.? In 2023, over 3 million new heat pumps
were installed in Europe, which is more than three times the installation rate a decade ago.

The costs of many of the low-carbon technologies needed to deliver our pathway, such as
batteries and solar panels, have fallen quickly and are now lower than ever (see Figures
5.2b and 5.2c).1%11 In the past decade, battery pack prices have fallen by more than 80%.

These frends show that markets are scaling up. Meeting the Seventh Carbon Budget will critically
depend on putting the conditions in place for this growth to continue and extend across all the
areas required. Our pathway depends on a variety of technologies at different stages of maturity -
what is needed will vary depending on the phase of the transition. Some technologies are already
well established and entering the mass market while others are still in the early innovation stage
(Figure 5.4).12

For technologies already at mass-market deployment (such as renewables), the UK needs
to support and maintain continued investor confidence and provide market mechanisms to
support robust competition.

For technologies approaching mass-market deployment (such as EVs), clear signals on the
pace of change expected from businesses are important, as well as policy focus on the
developments needed to allow fechnologies to extend beyond early adopters (for
example, supporting infrastructure and consumer information).

— Once technologies near this stage, there are clear opportunities for government and
industry to narrow down the options and set phase-out dates for ending sales of old
technologies, sending clear signals fo consumers and investors on the way forward.

— Reaching mass market deployment is made easier by making the necessary consumer
and business choices as straightforward as possible. Changes to ease planning barriers
or regulatory restrictions can therefore help in this phase of roll-out by minimising
obstacles to people choosing the new technology.

— In some cases, such as heat pumps, a technology is well established either
internationally or in a specific context, but supply chains and expertise will need to be
scaled up in the UK. In such instances, clear information and policy support for the key
enablers (such as consumer demand and installer capacity and training) will be
important.

For tfechnologies still in the innovation phase (such as sustainable aviation fuel, engineered
removals, and novel alternative proteins), it is vital fo address the prerequisites that will
enable scale-up at pace. This includes ensuring that the policy environment provides
sufficient confidence on sustained levels of demand to allow markets to build up supply
chains and develop the skills bases that will be needed to deliver a fast-expanding market.

— For early-stage technologies, research and development (R&D) support and incentives
to stimulate innovation and bring technologies to market can be important to
accelerate development.

— In many such cases, it can be vital fo maintain optionality across a range of competing
tfechnologies until uncertainties reduce and a clear preferred option emerges. Some
options will fail to develop as expected, which should be viewed as an acceptable risk
provided other options succeed.
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Figure 5.4 Phases of low-carbon technology roll-out in the «
Balanced Pathway
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Description: The Balanced Pathway includes technologies at different stages of market development. Renewables have already
reached mass market; electric vehicles are approaching mass market; heat pumps are well established internationally but require
market scale up in the UK; and synthetic fuels are still in the innovation stage.

Source: Department for Transport (2024) Vehicle licensing statistics; European Heat Pump Association (2024) European heat pump
market and statistics report 2024; Department for Energy Security and Net Zero (DESNZ) (2024) Energy trends: UK renewables; DESNZ
(2024) Energy frends: UK oil and oil products; Rogers, E.M. (1962) Diffusion of innovations; CCC analysis.

Notes: (1) Our pathway projections are shown with solid lines to the right of the vertical line (which denotes 2025). The paler shade lines
fo the left of this line represent historical data up to 2023 and then our projections based on current frends for 2024. (2) Stock share for
renewables represents the proportion of installed UK electricity generation capacity (excluding imports) produced by offshore wind,
onshore wind, and solar power. This would not be expected to be able to reach 100% due to the need for storable forms of capacity to
address their intermittency. Capacity has not been de-rated to account for intermittency. (3) The heat pumps line represents the share
of existing homes that are heated by a heat pump in each year, including homes with individual heat pumps and those connected to
communal heat pump systems. As some premises in our pathway will receive low-carbon heating through heat networks or other forms
of electric heating, this would also not be expected to reach 100%. Heat pumps are already in the early and mass adoption phase in
many other countries. (4) The line for synthetic fuels represents the proportion of total aviation and shipping fuel demand that is
provided by synthetic fuels (i.e. fuels produced using CO, captured through direct air capture). (5) The different market phases
indicated with dashed lines are based on the diffusion of innovations theory.

5.2.2 The role of government
Markets alone cannot drive the Net Zero tfransition. Policy is needed to provide confidence to

investors and consumers; manage risks in new markefts; remove barriers to delivery; and, in some
cases, provide financial incentives where necessary.

Enabling market delivery through policy

Stable, consistent policy supports markets to develop and scale up. This should include clear, long-
term signals on the direction of change and decisive choices to narrow option spaces once the
evidence is clear. This will help give businesses confidence to invest in the right solutions.
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e Carbon budgets are designed to provide such a stable framework: the budget level is set
12 years in advance of the period in question, giving a clear long-term signal on the UK’s
direction of fravel. Moreover, the Climate Change Act requires the Government to
produce a report setting out proposals and policies for meeting carbon budgets, including
the timescales over which these are expected to take effect. This requires the Government
to set out plans to deliver the budget that are consistent with the objective and provides
Parliament with a fransparent, measurable basis for its scrutiny of the Government's actions.

e Contracts for difference and other market mechanisms can build upon this, providing
further levels of certainty to investors, improving incentives, and enabling competition.

— Market mechanisms improve incentives to take the action required and provide a
consistent basis for markets to grow and competition to develop. Examples include the
zero-emission vehicle mandate and the clean heat market mechanism.

— Contracts (including contracts for difference) increase certainty by binding
government and businesses into a legal agreement to deliver required outcomes.
Contracts for difference have been successful in helping scale up renewables
deployment, driving down the price at which renewables projects are delivered, and
building a pipeline of confirmed future projects. 1314

— Carbon pricing can help ensure that private incentives are aligned to the social goal
of reducing emissions, through the ‘polluter pays’ principle. Carbon pricing can play an
important role in effective climate policy but must be supplemented with policies that
address non-financial barriers, support early-stage or expensive technologies, and
address distributional impacts.!s Carbon pricing is already in place in certain sectors
through the UK Emissions Trading Scheme (UK ETS) and the UK's adoption of the Carbon
Offsetting and Reduction Scheme for International Aviation (CORSIA).

e Itis crucial that policies are properly aligned to the pace of fransition required. Decisions on
tfechnologies must be taken promptly once the market has locked in and plans must be in
place to develop supporting infrastructure and enable consumers and businesses to switch
(if required), to build the demand that can pull through further market progress.

In many cases, decisions taken today will continue to have an impact into the Seventh Carbon
Budget period and beyond. The frameworks and processes guiding these decisions must properly
consider the importance of both reducing emissions and adapting to climate change. This will
reduce delivery risks and lower the costs of the fransition.

e For example, planning frameworks and standards must ensure new homes that are built
foday do not need to be refrofitted in future to meet emissions and adaptation goals.

e Infrastructure is a key enabler of many of the changes needed. This needs to be prioritised
at a national level, ensuring availability in fime for emissions targets and that it is designed in
a way that is resilient to a changing climate. The UK's gas and electricity fransmission and
motorway networks were rolled out at a similar pace to the expansion we need to see in
the electricity, EV charging, and CCS pipeline networks today.1¢17:18

There will be aspects of any transition which market dynamics alone will not adequately address.
Governments have a role in addressing such barriers and putfing in place policies to ensure these
do not undermine delivery. Interventions will be needed to unblock barriers as they appear.

* Government interventions, including targeted support and regulations, can be necessary to
ensure that markets develop in a manner that is accessible and fair fo all communities.!?
Subsidies will be necessary in some areas where households or businesses are not able to
afford low-carbon alternatives, are constrained in their access to capital, or where there
are significant distributional or acceptability concerns (see Chapter 8).
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e Effective monitoring of technology roll-out will be critical, to identify and proactively
address any barriers that begin to emerge. Specific barriers associated with the tail-end of
fransitions will need to be considered and planned for.

Addressing coordination challenges

The Net Zero fransition has long timescales and relies upon delivery across the economy and
society. Delivering Net Zero therefore requires a whole-system approach, with interactions being
properly understood and planned for and actors being incentivised to deliver on their
responsibilities. Ensuring this, alongside a coherent overall policy landscape, should be a key goal
for central governments (at both UK and devolved level).

* Interdependencies between expanding low-carbon generation, increased electrification,
and grid infrastructure should be an immediate priority area of focus. Expanding the grid is
a fundamental enabler, without which our decarbonisation objectives cannot be
achieved.

— Ofgem has a critical role in ensuring that grid development happens at the required
pace, through its controls on the revenues transmission and distribution network
operators are permitted to raise. The Energy Act (2023) gave Ofgem an explicit duty to
consider how its decisions may help the country meet its Net Zero and carbon budget
targets.20 This needs to be put into practice through speeding up processes, increasing
willingness to invest proactively, and recognising the downsides of choosing not to
invest.

— The National Energy System Operator (NESO) has been commissioned to develop a
strategic spatial energy plan.?! This should aim to provide a joined-up strategic
approach to planning the future energy system, coupled with the governance to
coordinate this. It must also interact constructively with existing frameworks, such as
National Policy Statements and the National Planning Policy Framework.

e |f the right enabling conditions are in place, markets are able to do a lot of the work in
coordinating solutions. An example is the roll-out of EVs and EV charging infrastructure - if
the signals on expected levels of demand for EVs are sufficiently clear and barriers are
resolved, then there are clear benefits for vehicle manufacturers and charge point
operators to work collaboratively to achieve mutually beneficial outcomes.

Investment, skills, and industry

As set out in Chapter 4, many aspects of the Net Zero transition require upfront investment in order
to access savings later on. While much of this will come from the private sector, there is a role for
governments (both national and local) fo facilitate this private investment and supplement it with
public support in fargeted areas.

* Innovation will be key to delivering the Net Zero transition, whether in developing and
scaling up new solutions in areas where optionality remains in our pathway or to widen the
reach of technologies that the market is locking into. Public financing can enable this by
lowering upfront costs of capital.

* Public investment offers the potential to help crowd in private finance, catalysing the
investment required o scale up delivery.?223 Public investment also strengthens the
incentive for future governments to maintain a consistent course and supportive policy
framework, further increasing investor confidence.
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e Some aspects of the fransition are likely to require ongoing government subsidies, especially
in areas where markets alone will not deliver deployment at the pace or across the breadth
of society required. This is likely to be the case for decarbonising home heating, where the
emissions savings are worth the additional upfront costs to society. While markets can play a
role in bringing these costs down, some government support is likely to be needed to ensure
that everyone is able to participate in the switch to low-carbon heating.

* Aswell as subsidies, financing can help households and businesses where upfront costs are
involved. Various mortgage lenders now offer preferential interest rates for properties with
high levels of energy efficiency, while some offer zero-interest borrowing for home energy
efficiency upgrades.2425

Underpinning the UK's approach to Net Zero must be a coherent approach to supporting industry
in the transition to a low-carbon economy. This must set out the Government’s approach to
choosing where to invest and its plans for ensuring that existing industrial strengths are not lost
overseas due to a failure to realise their low-carbon transition in the UK.

e As arelatively small economy, the UK should not aim to capture a share of every low-
carbon market but should prioritise its target areas for investment. The Government should
identify the priority areas in which it aims to grow British business to capture a share of an
emerging industry. These should build on areas of existing comparative advantage and will
likely include expanding service sectors as well as manufacturing low-carbon
technologies.2¢:27

¢ In areasin which the UK is aiming to capture an early-mover advantage, the Government’s
commitment must remain consistent, to avoid policy uncertainty undermining forward-
planning and investment. Innovators will require both public investment for R&D and early-
stage development and support (for example financing and streamlined regulatory
processes) to help bring products through from innovation to market. Bridging the ‘valley of
death’ between public and private funding is crucial to realising returns on investment.28:22

e Existing UK industries could benefit from growing global demand for low-carbon goods in
the long term by decarbonising earlier than international competitors. This requires a
supportive investment environment and support to manage transition costs, to ensure that
domestic production does not become uncompetitive in the short term as it fransitions.

Alongside a strategy for supporting and growing industries, the Government should develop a skills
action plan for Net Zero, which sets out priority skills gaps and plans to address them. It should
consider industrial priorities, delivery priorities (for example, the need to rapidly grow the workforce
of heat pump installers), and place-based solutions for areas where businesses may decline.

e Almost one-tenth of the UK workforce are in sectors that will need to grow in order to deliver
the Net Zero transition, including home retrofit, peatland restoration, woodland creation
and management, and electricity supply. To deliver the deployment frajectories in the
Balanced Pathway, some of these sectors will require a rapid increase in employment.

* Policy certainty can signal to the labour force the value in upskilling or reskilling. More
proactive skills policy may be needed in particularly acute areas, such as where the skilled
workforce needs to grow rapidly, where businesses are typically very small (such as sole
frader boiler installers), or where there is limited confidence in future employment
opportunities.

¢ The public needs to have confidence that installations of low-carbon measures will be
straightforward and will be delivered to a high quality. Appropriate government verification
schemes and standards can play a role in building this confidence, while businesses will
need to be able to grow their workforces and ensure they deliver high-quality training to
ensure positive consumer experiences in order to grow demand.30:3
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We discuss investment and opportunities for businesses, impacts on employment, and the policy
support required further in Chapter 9.

Interactions between the UK and devolved governments

The UK, Scottish, Welsh, and Northern Irish Governments each have ambitious Net Zero targets.
More than 10% of the UK-wide emissions reduction required fo meet the recommended Seventh
Carbon Budget will come in devolved or partially devolved policy areas within the devolved
nations. Likewise, 30-60% of the emissions reduction required in Scotfland, Wales, and Northern
Ireland will come in policy areas that are mainly reserved. There is therefore a shared reliance
between national governments for effective delivery.

*  While there have been some examples of collaborative policy (for example, the zero-
emission vehicle mandate and offshore wind planning), in other areas, the UK and
devolved governments need to work together more effectively.3233:34 An important first step
would be a collaborative effort to map out the key interdependencies, agree
responsibilities, and ensure each nation’s plans will work together constructively.

¢ Key reserved policy areas impacting each nation’s targets include planning of the energy
system and engineered removals. These areas nonetheless often depend on enabling
actions at devolved level, so there remains a need for collaborative efforts.

* In areas that are mostly devolved, policies need to be sufficiently joined-up to avoid risks of
inconsistencies undermining delivery. Dependency on shared infrastructure, behaviours in
border communities, and consistency of government messaging are key examples.

¢ In certain areas, differences in policy approaches could provide valuable insight from
which all nations can learn. Ensuring that effective monitoring and evaluation processes are
embedded in policy design and that findings are shared promptly will be important to
enable this to happen.

We will publish advice on emissions targets for each devolved administration later in 2025.
Interactions between national and local governments

There is substantial ambition to act on climate change at local government level, with 84% of
councils having a climate change plan.s3s This ambition needs to be harnessed more effectively, as
delivery against it is currently inconsistent, hindered by a lack of clarity on who should be doing
what, limited resources, competing priorities, and a fragmented, short-term funding landscape.

* An agreed division of responsibilities between central and local government is needed. This
should identify the areas in which local government can act and prioritise those that will
have the greatest impact, while allowing scope to go further for those wanting to innovate.

— Local authorities should focus on the most impactful changes needed locally and help
their communities understand what these are. There is high scope for local government
to influence emissions from buildings, surface transport, and waste, which account for
around half of the emissions reduction needed to meet the Seventh Carbon Budget.

— The critical infrastructure upgrades that are needed should be led at a national or
regional level. This includes most electricity generation and the grid upgrades needed
to fransmit this power to where it is needed. But local authorities have an important role
to support their delivery and ensure they are designed in a way that considers the local
community and allows sharing of benefits. Such projects are often vital to the delivery
of Net Zero and adapting fo climate change nationwide, so it is essential that they can
be delivered without impediment.
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e Current structures for coordinating actions between national and local governments are
falling short of their potential.337 Local government representatives have called for a new
framework or partnership to provide a shared understanding of priorities and how national
and local government should work together to deliver them.38:3?

Delivering Net Zero requires longer-term, more predictable funding to enable local authorities to
develop and implement plans. Funding streams could be linked to accountability for the
responsibilities agreed between central and local government.

¢ The current funding landscape is highly fragmented and focussed mainly on competitive,
short-term projects.0 This often favours better-resourced authorities and those who have
been successful previously, rather than allocating funding in line with where it could bring
the greatest benefit. A longer-term, programmatic approach would allow authorities to
plan and develop capabilities, as well as making it easier to leverage other sources of
finance.

* Varied capacity and capability also pose a challenge. Sharing of best-practice (such as
through Local Net Zero Hubs) and provision of shared resources (such as the National
Wealth Fund’s local authority advisory function) can help address this.

e Devolution deals agreed with various combined authorities appear promising. These
include various multi-year funding settlements, including designated pofs for projects linked
to Net Zero (for example, devolving buildings retrofit funding in *trailblazer’ deals).4! Future
devolution seftlements should take a similar approach, linking funding to specific required
outcomes.

5.2.3 Public engagement

Effective engagement with the public is essential to build people and businesses’ understanding
and confidence in low-carbon technologies, goods, and services. This will help grow the demand
that will pull through further scale-up in these markets. Around a third of the emissions reduction
required fo meet the Seventh Carbon Budget will come from households making low-carbon
choices. Public engagement should aim to communicate the most important household choices
and proactively address misconceptions and misinformation about low-carbon technologies.

e There is stfrong public knowledge of climate change and Net Zero. Knowledge of some of
the key solutions is also growing (Figure 5.5), but public engagement (including clear,
consistent public messaging, public information campaigns, and standards so that frusted
information is available to consumers) is needed to ensure people understand the most
impactful actions available to them.

— 80% of the UK pubilic say they are concerned about climate change, while 65%
perceive it as already having an impact on the UK.4243 Knowledge of the concept of
Net Zero has grown markedly in recent years.44:45

— EVs are becoming mainstream, with over 0% of people reporting knowledge of
them.4¢ This is in confrast to heat pumps, with only 50% of people saying they know a
lot, a fair amount, or a little about this technology.#

— In 2023, 36% of people reported that they consider the impact on the environment
when deciding whether or not to fravel by air (up from 21% in 2016).48:4?

— Recent representative UK data on people’s awareness of the emissions impact of

eating meat and dairy is missing, but wider research suggests awareness is limited.>0
There is also unease and limited trust around novel alternative proteins.51:52
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e For both EVs and heat pumps, there is evidence of significant misinformation about their
reliability and cost. Effective, frusted public engagement is important to address this.

— For example, 30% of people wrongly see electric cars as being expensive to run and
maintain and 40% wrongly believe that electric cars are no more environmentally
friendly than peftrol or diesel cars.>3:54

— One-third of people who said that they were unlikely to install a heat pump stated that
it may not be possible to do so in their home and one-third stated that they would
rather wait to see how the fechnology develops.% This is despite heat pumps being a
well-established technology, found to be suitable for the vast majority of UK homes.%¢

* Astechnologies become more visible, this can build familiarity. Simple steps can help with
this, such as green number plates and advertising campaigns. Clear, trustworthy consumer
information and product standards can help build confidence in new technologies.

e Itis also important for the Government to be visibly taking the lead in implementing the
changes that it is asking of the public. For example, a rolling programme to decarbonise
public buildings would show government leadership and would help grow markets and
develop the workforce capacity and skills that will be required to decarbonise commercial
and domestic premises.

Public engagement needs to go beyond one-way information provision. It should also enable
governments to gain input from the public and build public buy-in.

* Two-way engagement around the key low-carbon household choices will ensure that
policy design considers perceptions, concerns, and different circumstances of UK
households and will aid the development of deliverable policies that gain public support.

¢ Beyond the main household low-carbon choices that need to happen, the fransition will
also impact communities in other ways, through changes to local landscapes and
employment (see Chapter 9). Bespoke two-way engagement will be needed to ensure
concerns are heard and where possible addressed, and that there is local buy-in for
changes.

e Public buy-in for changes impacting households and businesses can be further increased
through government leadership: visible public figures can lead by example and adopt key
solutions, and the Government can communicate clearly how its plans will ensure an
appropriate distribution of action from all actors and across the economy.s”

Low-carbon choices available to households are discussed in Chapter 8, including the findings from
our citizens’ panel, which strongly called for a proactive government engagement campaign.
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Figure 5.5 Public knowledge of Net Zero and low-carbon «
technologies
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Description: There is strong public knowledge of climate change and Net Zero. Knowledge of some of the key solutions is also growing,
with knowledge of electric vehicles considerably ahead of knowledge of heat pumps.

Source: DESNZ (2024) Public Attitudes Tracker; lpsos (2024) Technology Tracker; CCC analysis.

Notes: (1) ‘Knowledge' is defined as people indicating that they know a lot, a fair amount, or a little about a technology, but does not
include responses that indicate that people have heard of a technology (but know hardly anything about it). The Technology Tracker
only covers England. (2) For ‘Knowledge of electric vehicles’, data is used from December survey results, except for 2020 where data is
used from August/September. For ‘Knowledge of Net Zero' and ‘Knowledge of air source heat pumps’, data is always used from winter
survey results.

5.3 Integrating adaptation into Net Zero delivery

Further climate change is inevitable. This means that further changes in UK weather and climate
extremes will occur and need to be planned for. Implementing actions to reduce emissions without
considering the future UK climate could pose arisk to those emissions reductions and work against
needed adaptation, making the challenge of living with future climate change harder. Integration
of adaptation aims is critical for the following reasons:

¢ Avoiding lock-in of climate risk. The Balanced Pathway requires rapid investment and
deployment of long-life mitigation measures, such as renewables, grid infrastructure, and
woodland creation. These measures need to be designed to be resilient for a future
climate, so as not to put the Net Zero target af risk.

* Maximising co-benefits. Integrating adaptation into the design and delivery of mitigation
policy can benefit wider outcomes beyond emissions reduction. For example, restoring
natural carbon stores can have positive benefits for biodiversity and ecosystem services
which regulate the environment, support health and wellbeing, and offer amenity value.®
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¢ Minimising frade-offs and avoid unintended consequences. Systems thinking is required to
consider the interactions between mitigation and adaptation to identify potential synergies
and make explicit potential negative impacts. For example, consideration of climate
hazards such as flooding needs to be incorporated into spatfial planning for new
infrastructure.

Delivering the Balanced Pathway will require a range of new investments. To be effective, these

need to be mindful of widespread climate risks such as heatwaves and flooding and consider their
possible effect on local impacts such as drought risk. They should be considered when planning the
actions required in all sectors. The sectors below have clear links between mitigation and adaption,
showing how co-benefits can be realised and trade-offs and unintended consequences minimised.

e Buildings: in most instances, measures fo improve energy efficiency in existing buildings,
such as loft and cavity wall insulation, have synergies with adaptation, helping fo reduce
risks of overheating in heatwaves. However, in poorly ventilated homes, these can lead to
increases in indoor air temperatures.>? Consideration of these synergies and trade-offs
needs to be included in planning of energy efficiency upgrades. When successful, this leads
to homes needing less heating or cooling during extreme heat or cold and reduces the cost
of implementation by sharing the cost between adaptation and mitigation refrofits.

e Agriculture and land use: in delivering land use changes, it is essential fo consider their
impact across a range of environmental outcomes (Box 5.1). Without this, the potential for
measures such as tree planting or peatland restoration to sequester and store carbon is at
risk from a changing climate and other pressures. The spread of the bark beetle in France
reducing the sequestration potential of French forests is an example of this happening.¢°

e Electricity supply: given the increased dependence on electricity across the economy in
our pathway, it is crucial to ensure that the electricity grid is appropriately protected from
weather and climate extremes. A decarbonised energy system needs to be resilient at both
the system and asset level in order to provide reliable and secure supply:

— At the system level, reliance on weather-dependent renewables will increase, so it will
be important to design the system to be resilient fo weather-related risks (see
Section 7.5). In addition, resource constraints (such as water availability) need to be
considered.

— Af the asset level, existing infrastructure and new investments in generation and

network capacity will need to be made resilient to a changing climate. The lowest-cost
route will generally be to design in resilience upfront.

The Seventh Carbon Budget 123



Box 5.1

Principles of a resilient land use fransition

Farmers and rural communities are crifical fo delivering a Net Zero future. In the Balanced Pathway, land
use across the UK is fransformed to expand measures which sequester and reduce emissions.¢! It is vital that
these changes are delivered in ways that protect rural communities and ensure that their benefits fo these
communities and wider society are maintained in the long term. We consider the following principles to
mitigate the risk of unintended consequences to the wider environment and communities:

* Right measure, right place: measures are located on land types most suitable and available for
change. For example, woodland creation modelling avoids organic soils and uses land availability
outputs by country to define planting areas.

* Following regulatory principles: where available and considered robust, our analysis follows
regulatory principles. For example, our woodland creation assumptions align with UK Forestry
Standard open ground requirements for biodiversity.

* long-term transition: land use change measures are longstanding to give confidence for future
investment and commitment to changing approach. For example, UK-grown domestic energy crops
are based on perennial types to minimise disturbance and build soil carbon.

¢ Sharing the load: deployment of land use change measures is spread proportionally across the UK,
based on land type and release from other land management approaches. This allows for a more
resilient mix of measures across a range of locations and land types.

The effectiveness of the measures in our pathway is highly dependent on where they are in the landscape,
and risk of failure is high if they are applied in an unsuitable location or if the measures lack resilience to
future climate change. The above points relate to mitigating the risk of uninfended consequences at a high
level, but ultimately land use change is offen dependent on decisions made at a farm or field scale. On-
the-ground delivery should consider the following to build resilience into the land use fransition:

¢ Planning for future climate impacts: land use change must assess the viability of a measure under
future climate change scenarios. Alongside environmental viability, impacts on the viability of future
production and its economics should also be considered.

* Management for resilience: farmers and land managers should be supported in developing the skills
needed to be proactive in addressing future climate extremes and other shocks such as pest
outbreaks. Farms should be supported to work together to consider locally relevant risks and deliver
actions at landscape scale.

* Diversity of actions: land use actions should not be siloed. A diversity of actions will build resilience
and wider benefits in the land use system, across both nature-driven actions and productive uses.

5.4 Key actions

We have 43 priority recommendations that need to be enacted to put the country on frack to
deliver the Seventh Carbon Budget. The full set can be found in Annex 1. There are seven core
themes that underpin most of these recommendations:

¢ Making electricity cheaper. The largest share of emissions reduction in our pathway comes
from switching to low-carbon electric technologies across sectors including fransport,
buildings, and industry. Households and businesses need to be better incentivised to make
these choices through the impacts they will see on their bills. This can be done through
rebalancing prices to remove policy levies from electricity bills.

* Removing barriers. People need to be able to install heat pumps and EV charge points in
their homes and businesses. Industries require timely grid connections to allow them to
move to electrified production processes. Grid infrastructure is essential to enable everyone
to make use of domestically produced low-carbon electricity, reduce energy bills, and
improve our energy security. Key processes and rules, including in planning, consenting,
and regulatory funding, need to enable rapid deployment of low-carbon technologies.
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¢ Providing certainty. In many key areas, the best way forward to decarbonise is now clear.
Once the market has locked into a solution, it needs to be delivered. Government should
support markets to do this by setting out clear, timely decisions on support for new
tfechnology choices, and dates for phasing out old technology. Certainty will provide
confidence to consumers and investors. This should include confirming that there will be no
role for hydrogen in home heating.

e Supporting households to install low-carbon heating. While the Net Zero fransition should
lead to lower energy bills for consumers, support is needed to address barriers in upfront
costs, especially for low-income households. Addressing barriers such as the price of
electricity, lack of awareness, and misconceptions about heat pumps will also be crucial.

e Setting out how government will support businesses. Businesses need clarity on the balance
between government support and market mechanisms such as the UK Emissions Trading
Scheme and carbon border adjustment mechanisms, so that they can make the transition
fo low-carbon operations. With the right support, UK businesses could decarbonise early
and take advantage of growing global demand for low-carbon goods and services.
Farmers and land managers need support to diversify land use into woodland creation,
peatiand restoration, energy crops, and renewable energy.

* Enabling the growth of skilled workforces and supporting workers in the transition. Growing
workforces will be a critical enabler of some of the system-wide changes that are needed
(for example, switching from gas to electric heating or expanding the electricity grid). We
need a plan for how to do this. A small number of industries will change substantially, which
could adversely impact communities if not managed well. Government, business, workers,
and communities should proactively plan for how to address this and ensure that new
opportunities are available in affected areas.

* Implementing an engagement strategy. Government should provide clear information o

households and businesses. It should focus on what actions are most impactful in reducing
emissions, the benefits of low-carbon choices, and providing frusted information.
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Chapter 6: Uncertainty and confingency

Infroduction and key messages

This chapter examines the impact of key uncertaintfies on the Balanced Pathway, encompassing
both cross-economy and sector-specific factors. Additionally, it identifies contingency measures
that could be used to make up potential shortfalls in emissions reduction or as options to go further.

Our key messages are:

¢ The path to Net Zero has become clearer in many areas, as discussed in Chapter 3.
However, substantial uncertainty inevitably remains around aspects of a pathway modelled
over a 25-year time horizon. An uncertainty assessment allows us to identify key sources,
understand their potential impact, and consider options to address deviations from the
pathway.

e Population and GDP growth, emissions accounting methodologies, and fuel costs are key
sources of uncertainties in our pathway. Uncertainties in how key technology costs will
evolve also play arole, as do year-to-year weather fluctuations and general frends in
weather, including from climate change. Uncertainties vary across sectors.

e The largest uncertainty impact in 2040 comes from the aggregation of cost sensitivities,
followed by global warming potential (GWP) and population and GDP uncertainties.

e Contingencies provide options to go further or to catch up if emissions reductions fall off
frack. Development of contingency opftions is important fo ensure a robust and adaptive
approach to achieving Net Zero. Appropriate contingencies vary depending on the period
under consideration, as well as the timescales available for implementation.

— For the UK’s nearer-term targefts, faster action to decarbonise the electricity system,
further reducing car travel, and incentives to speed up electric vehicle (EV) sales are
key options.

— For the Seventh Carbon Budget, the most important contingencies are accelerated
roll-out of EVs and heat pumps, including scrappage schemes. Early scrappage in
these areas is not included in the Balanced Pathway but could provide an option to
go faster or to catch up if emissions reductions fall off track.

— For Net Zero, options to accelerate deployment of removals or to increase demand-
side measures in the aviation and agriculture sectors can have more impact.

6.1 Our approach to uncertainty analysis

We have broadly divided uncertainties into two categories, based on their associated timescales:

* Long-term uncertainties are derived from long-term trends in underlying influencing factors,
such as GDP. Our analysis of long-term sources of uncertainty focusses on underlying
influencing factors, rather than on uncertainty around the effective delivery of policy.

e Short-term uncertainties are derived from shorter-timescale fluctuations in underlying
influencing factors, such as year-to-year variation in weather.
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There are also numerous sources of uncertainty that are outside the scope of this analysis.
Furthermore, our understanding of some uncertainties is limited by the quality and availability of
data. As such, the results described in this chapter should not be interpreted as a complete
representation of the uncertainty in the Balanced Pathway.

6.2 Long-term uncertainties

6.2.1 Key sources of long-term uncertainty

The key sources of uncertainty considered here are:

Population and GDP growth. The Balanced Pathway is based on forecasts of population
and GDP growth, which affect consumption patterns in the UK.":2 We have identified
sectors that are particularly sensitive to changes in GDP and population and quantified the
impact of varying assumptions on their emissions. For aviation, we have also included the
impacts from uncertainties in foreign GDP and the elasticities with which demand reacts to
prices.345

Greenhouse gas inventory. We use the published uncertainty on the current greenhouse
gas (GHG) inventory to account for potential future accounting changes that could
impact the UK's emissions targefts.s’ Additional uncertainties are applied for wastewater
emissions factors and soil disturbance emissions from free planting.

— Since our advice on the Sixth Carbon Budget, inventory changes have reduced
estimated UK emissions (see Chapter 3). Future changes could increase or decrease
reported emissions.

— Hydrogen has an indirect warming impact, so hydrogen leakage was analysed to
assess the impact. Since there are no official GWP values for hydrogen, it is not
included in the inventory. An uncertainty is included to account for possible inclusion in
the future.

Global warming potentials. GWP values are used to convert emissions of non-CO2 GHGs
into their CO2-equivalent. We use GWP100, which compares the warming effects of gases
over a 100-year fime horizon, in line with international practice.8 Our uncertainty analysis
incorporates Infergovernmental Panel on Climate Change estimated uncertainties in the
GWP100 emissions factors.?

Fuel and technology costs can impact emissions for sectors in which cost plays a role in
determining when fuels or technologies are taken up (see Chapter 2).

— For fuel costs, we consider the uncertainty on future oil, gas, electricity, and hydrogen
costs. DESNZ projections are used for the oil and gas costs, and the change in gas costs
is reflected in electricity costs.10 Infrinsic cost uncertainties (uncertainties from factors
not related to gas costs) for electricity and hydrogen are assumed to be +25%. For
shipping, we also include the effect of varying synthetic fuel costs.

— For technology costs, we consider uncertainties around the cost of EVs and heat
pumps. Other technology cost uncertainties, for example in the industry and electricity
supply sectors, are not considered but would conftribute to overall uncertainty.

Climate impacts. There is uncertainty on the projections of warming in the UK over the next

25 years.
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— Climate change will alter demand for heating, which is currently largely from gas. As
warming occurs this is likely to reduce demand, lowering emissions in the buildings
sector. This uncertainty is estimated based on the probabilistic projections from the Met
Office’s UKCP18 publication (using the RCP4.5 scenario).!!

— Future warming and exireme events such as wind, wildfires, droughts, pests, and
disease will inferact with land-based measures, potentially reducing their capacity to
sequester and store carbon. Due to the difficultly modelling the effect of these events,
we currently do not quantify this. The land use transition should embed adaptation and
resilience principles to mitigate risk to natural carbon stores (see Chapter 5, Box 5.1).

e Carbon capture rates. We consider uncertainty in the capture rate of carbon capture and
storage (CCS) technologies, assessing the impact if these rates do not improve over time.

6.2.2 Impact of long-term uncertainties on the Balanced Pathway

Combining the different long-term sources of uncertainty gives an indication of the overall impact
on the Balanced Pathway (Figure 6.1)." In absolute terms, the total magnitude of uncertainty from
the factors quantified in this analysis is fairly steady along the pathway. The relative uncertainty
increases as the absolute emissions decrease, growing from 11% in 2030 to 28% in 2040. The
uncertainty makeup changes significantly across the duration of the pathway.

e The largest uncertainty impact in 2040 comes from the aggregation of cost sensitivities,
followed by GWP and population and GDP uncertainties (Figure 6.2).

e Uncertainties associated with costs have a growing impact, peaking in the late 2030s, due
fo their ability to slow down or speed up technology roll-out. These uncertainties fall to 2050
as sectors such as surface transport, buildings, and industry almost completely decarbonise.

* The impact of inventory and GWP uncertainties is largest initially (when emissions are
highest) and falls in line with falling emissions across sectors. It remains considerable by 2050,
however, because sectors such as agriculture and land use (which play an important role in
the 2050 balance of emissions) are among those with the largest uncertainties from the
inventory and GWP.

e Population and GDP uncertainties increase in the 2020s as potential variation in these frends
exceeds the pace of emissions reduction in our pathway, but then reduce as emissions in
key sectors fall quickly.

¢ The impact of the climate (global average temperature) uncertainty on buildings emissions
remains relatively stable until 2035, after which it steadily decreases to approximately zero in
2050 due to the decarbonisation of buildings.

e Uncertainties associated with CCS capture rates grow steadily from 2035, in line with the roll-
out of CCS, and become a significant source of uncertainty in 2050.

" When combining uncertainties, uncertainties from different sources are assumed to be uncorrelated apart from GDP and
population. Uncertainties from a given source are assumed to be correlated between sectors (so for example, if gas prices
are low for one sector, they are also assumed to be low for all others), except for inventory uncertainties which are not
correlated between sectors.

The Seventh Carbon Budget 133



Figure 6.1 Impact of key sources of long-term uncertainty on
the Balanced Pathway
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Description: The total uncertainty from the factors quantified in this analysis is relatively steady along the pathway (in absolute terms).
However, the makeup of uncertainties changes over time, and the relative uncertainty increases as emissions fall.

Source: Climate Change Committee (CCC) analysis.

Notes: (1) In combining uncertainties to form the total, uncertainties from different sources are assumed to be uncorrelated apart from
population and GDP, but uncertainties from a given source are assumed to be correlated between sectors (except for inventory
uncertainties). Other sources of uncertainty exist but are not included in this analysis. (2) The GDP uncertainty for aviation includes both
UK and overseas GDPs and the uncertainty in the elasticities with which demand reacts to prices.

Figure 6.2 Uncertainty breakdown by source in 2040
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Description: Cost uncertainties, including fuel prices and some technology costs, have the largest impact in the Seventh Carbon
Budget period. These are followed by uncertainties around global warming potentials (GWPs) and population and GDP.

Source: CCC analysis.

Notes: (1) The chart shows the impact of these six sources of uncertainty on annual emissions in 2040 (the middle year of the Seventh
Carbon Budget period). (2) The GDP uncertainty for aviation includes both UK and overseas GDP and the uncertainty in the elasticities
with which demand reacts to prices. (3) Other sources of uncertainty exist but are not included in this analysis.
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Uncertainty by sector

Aviation and agriculture have the highest emissions in the Balanced Pathway in 2040, and they also
have large associated uncertainties that are mostly attributable to uncertainties on GDP (including
price elasticity) and GWP100 emissions factors, respectively (Figure 6.3). The aviation uncertainties
presented in this analysis only include uncertainties on aviation demand and not on the roll-out of
technology or fuels. There is considerable uncertainty from these sources that is outside the scope
of this analysis.

Figure 6.3 Uncertainty breakdown by sector in 2040 «
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Description: Uncertainties on emissions vary by sector. Aviation and agriculture have the highest emissions in the Balanced Pathway in
2040, and they also have large associated uncertainties.

Source: CCC analysis.

Notes: (1) The chart shows the total uncertainty from the factors considered in this chapter for each sector - population and GDP
growth, greenhouse gas inventory, global warming potentials, fuel and technology costs, climate impacts, and carbon capture rates.
Other sources of uncertainty exist but are not included in this analysis. Some sectors with low emissions in 2040 are omitted. (2) The
aviation uncertainties only include uncertainties on aviation demand and not on the roll-out of technology or fuels. (3) There is
considerable uncertainty from these sources that is outside the scope of this analysis.

6.3 Short-term uncertainties

6.3.1 Potential impact of year-to-year variability

Shorter-term variability due to factors such as weather and economic shocks can cause year-on-
year changes in emissions.
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Weather variation

Our modelled pathways for electricity supply and buildings are susceptible to change through
weather impacts. In colder weather, emissions from heating buildings will increase, although this
dependence will reduce as gas boilers are replaced by heat pumps. Year-to-year weather
variation also affects electricity supply emissions. For example, periods of lower wind lead to higher
reliance on unabated gas. We have considered this in our electricity supply modelling (see

Section 7.5).

e This creates more risk for targets that are set as single-year values (such as NDCs) than for
five-year totals (such as carbon budgets), as there is a lower probability of several adverse
years occurring consecutively (Table 6.1).

Table 6.1
Impact of uncertainty due to weather variation on average annual emissions in target periods

Target

2030 NDC (excl.
IAS)

2035 NDC (excl.
IAS)

Sixth Carbon
Budget (2033-
2037)

Seventh Carbon
Budget (2038-
2042)

Net Zero (2050)

Average annual
emissions in the
Balanced Pathway
(MtCO2e)

Buildings
temperature
uncertainty
(MtCO2e)

Electricity supply
weather adversity
uncertainty
(MiCO2e)

Combined
uncertainty
(MtCO2e) (% of
target)

+7.2 (2.8%)
154.9 +3.0 +2.2 +5.3 (3.4%)
188.8 +1.4 +1.0 +2.4 (1.3%)
106.6 +0.7 +0.9 +1.6 (1.5%)
1.1 +0.1 +0.3 +0.4

Notes: (1) The combined weather uncertainty conservatively assumes that the sectoral uncertainties are correlated. (2) Emissions for
carbon budgets are given as the average annual emissions over the five-year period.

Economic shocks

Short-term economic shocks can disrupt behaviours across the economy. GDP correlates with
emissions in several sectors, so changes in the economy will impact the pathway.

e Economic shocks, for example recessions, can have the effect of reducing emissions in the
short term and limiting growth in sectors that are sensitive to GDP. For example, the global
financial crisis of 2007 to 2008 friggered a UK recession which reduced GDP. 12 This
contributed fo a 9% drop in emissions in 2009 compared to 2008, although there was a

partial rebound in emissions the following year.

¢ The other potential impacts of an economic shock are disruption to trade or a downturn in
investment, both of which could hinder the roll-out of key technologies. This could have
longer-term consequences for the pace of future decarbonisation. Recent examples

include:

The Seventh Carbon Budget



— The COVID-19 pandemic suppressed the new car market and disrupted
manufacturers’ semiconductor supply chains.!3 As a result, the market remained
suppressed for several years, slowing the pace at which new vehicles (including EVs)
were able to enter the fleet and potentially resulting in older, more polluting vehicles
remaining on the road for longer.

— The invasion of Ukraine caused disruption in the supply of elements that feed into
battery supply chains. This led to a slight temporary increase in battery prices in 2022.14

The situation also drove earlier EU investment in renewables and increased support for
electric heating projects to replace imports of natural gas from Russia.!5:1¢

6.4 Contingency actions and options to go
further

6.4.1 Contingency framework

As shown above, there are a range of uncertainties that could affect the pathway to Net Zero. In
addition, there is risk that policies could fail fo deliver the expected levels of emissions reduction. In
either case, it is important to monitor both the emissions trajectory and the underlying indicators of
progress (see Chapter 5), as well as factors such as GDP, population, the GHG inventory, and costs,
to enable early identfification of a long-term risk of underperforming on emissions reduction. Any
credible plan to deliver the Seventh Carbon Budget needs to include contingency options to
address these risks.

While short-term uncertainties are harder to plan for, five-year carbon budgets reduce short-term
risks, especially if higher than expected emissions occur in the early years of the budget, as these
could be addressed in the later years.

Contingency options are action plans that can be implemented to deliver additional emissions
reductions to make up for shortfalls in the pathway. A credible contingency framework should

include:

e Aset of measures that could deliver a substantial amount of additional emissions reduction
over the period of the target in question.

* Arobust understanding of the fimescales required to implement each of these measures,
and the steps that would need to be taken.

e Some opftions that could be implemented in the short term, to allow differing responses
depending on how far in advance things are known to be moving off frack.

e Preliminary steps for certain contingencies to keep these options open in case required.

¢ An effective monitoring framework which can identify the potential for delivery to fall off
frack at an early stage.

In this section, we illustrate some potential contingency measures. These are not comprehensive.
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6.4.2 Examples of potential contingency actions

We have modelled a range of additional actions that could be used as contingencies or to go
further than our Balanced Pathway. The appropriate actions, and the scale of potential impact,
vary depending on the timing of the target that they are designed to support. While we give
greatest focus to contingency actions for the Seventh Carbon Budget (as the focus of this advice),
it is important to develop contfingencies for all of the UK's emissions targets consistent with Net Zero
(i.e. the 2030 and 2035 NDCs, the Sixth Carbon Budget, and Net Zero).

Contingency actions for the Seventh Carbon Budget

For the Seventh Carbon Budget, the most important contingencies are likely to be those o
accelerate roll-out of low-carbon heating and EVs, including through scrappage. Accelerating
deployment of engineered removals could also be an option at this point in the pathway
(Figure 6.4).

It is important to consider credible delivery timelines in planning a contingency framework for
meeting this budget. While some contingencies could be implemented several years in advance if
a risk of emissions falling off frack has been identified proactively, contingencies should ideally also
be available to implement on shorter timescales. This should include contingencies that can be
implemented just before or during the target period.

* Aswe approach the Seventh Carbon Budget period, EVs and heat pumps will make up
100% of all new cars and heating systems sold. Therefore, the biggest opportunities for
contingencies come from measures that can accelerate the rate of stock turnover.

— Scrappage schemes that incentivise owners of older, less efficient fossil fuel cars and
boilers to replace these before end-of-life can be implemented relatively quickly,
subject to market capacity. It makes sense to implement such schemes once the new
low-carbon technology markets have scaled up to become the dominant choice.
Early scrappage in these areas is not included in the Balanced Pathway but could
provide an option to go faster or to catch up if emissions reductions fall off tfrack.

— Implementing these could deliver sizeable emissions savings by helping the fleet
switchover sooner, although there would be some cost in both the fiscal incentives
needed and the lost asset life, as well as a risk of increasing imported emissions due to
embedded production emissions. For older cars, the emissions savings and the falling
costs of EVs mean that some level of early scrappage is likely to be cost effective and
reduce emissions, including embedded emissions.!”

— Earlier action to enable these markets to scale up sooner, such as the incentives to
grow consumer demand and investment in supply chains, could also have a sizeable
effect in reducing emissions by increasing the number of EVs and heat pumps that
have been sold by the time of the Seventh Carbon Budget.

— If the expected sales growth of EVs does not materialise, contingencies to support
demand in the market should be considered, for example, low-cost financing for cars
and vans.

e As aviation will be one of the UK’s highest-emitting sectors by the Seventh Carbon Budget
period, measures fo manage demand could also offer sizeable additional emissions
savings, especially if sustainable aviation fuel has not scaled up as planned.

— If technology is not on track to deliver what is required for the Seventh Carbon Budget
and Net Zero in the near term, or if aviation sector emissions are not developing in line
with Net Zero, the Government and the aviation industry will need to be ready to
implement more demand management policy.
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— The Government also has a role to ensure the distributional impacts of demand
management are considered.

Other demand-side measures could also be effective, in particular increased resource and
energy efficiency in industry and waste. Other options could include measures to
encourage people to switch to alternatives to meat more quickly, stronger action o
increase recycling rates, and reducing food waste.

By the Seventh Carbon Budget period, our analysis shows that engineered removals will
need to be operating at scale. Therefore, accelerating their deployment could offer
another contingency option.

— One option could be to allow more biomass imports in our pathway, for example to
allow bioenergy with carbon capture and storage (BECCS) hydrogen to displace
around 10% of blue hydrogen production, subject to constraints on the amount of
biomass that can be sustainably supplied (see Section 7.7 and Section 10.2).

— Direct air carbon capture and storage (DACCS) should also be in use by this point, so
there may also be some scope to accelerate its deployment. It is estimated that it will
take around six fo eight years for a new CCS project to go from inception to capture. '8

Figure 6.4 Impact of potential confingency options on «

average annual emissions during the Seventh Carbon
Budget period
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Description: The largest sources of contingency for the Seventh Carbon Budget come from measures to accelerate roll-out of low-
carbon heating and electric vehicles.
Source: CCC analysis.

Seventh Carbon Budget period is 106.6 MtCOqe.

Notes: (1) The contingencies are coloured by sector - see the legend for more information. (2) The average annual emissions during the
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Contingency actions for the UK's other emissions targets

Key contingencies for the other target periods include:

The 2030 NDC: incentives to grow demand for EVs; accelerated action to deliver a
decarbonised power system; measures to incentivise people to choose public fransport or
active travel instead of driving.”

The Sixth Carbon Budget and 2035 NDC: incentives and early scrappage schemes to
accelerate the switch to EVs; investment to scale up heat pump supply chains more
quickly; stronger regulation or incentives for resource efficiency in industry.

Net Zero: accelerated deployment of DACCS; increased demand-side measures in aviation
and agriculture; planting of higher-yielding trees (although the long lag from planting to
sequestration means that this would need to be enacted around 10-20 years in advance,
and concerns around biodiversity and sustainability impacts mean we do not recommend
this).

A combination of confingency actions may be required to compensate for large shortfalls in
emissions reductions or to make up shortfalls that span across different target periods (Box 6.1).

“ Our contingency actions to accelerate the roll-out of low-carbon technology in the electricity supply sector would result in
unabated gas providing 5% of generation under an average weather year in 2030.
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Box 6.1

Example applications of contingency options

As part of considering contingency options, it is also useful fo consider possible scenarios in which these
options might be required. For example, emissions reductions may be aft risk of falling off track as a result of
one of the long-term uncertainties discussed in Section 6.1, progress monitoring may indicate that roll-out
rates are not proceeding as projected, or confingencies may be needed as a result of different policy
choices. This box discusses some examples of how contingencies could apply in these cases.

EV uptake

In our pathway, EV sales grow faster than the minimum levels set out in the zero-emission vehicle (ZEV)
mandate. If instead sales were to grow only in line with the ZEV mandate, this would increase emissions by
4.9 MtCO2e in 2030 and 4.0 MtCO2e in 2040 compared to the Balanced Pathway. As EVs make up 20% of
the total emissions reduction in our pathway by 2030, confingency measures to mitigate some of this drop
(for example incentives for some EV purchases) would likely be needed to address this. Given the higher
resulting share of remaining petrol and diesel vehicles, actions to disincentivise driving or promote modall
shift could also play a role. Accelerating heat pump roll-out or the decarbonisation of the electricity system
could offer other potential solutions.

Heat pump roll-out

In our pathway, heat pump installations grow in line with supply chain growth observed overseas. If supply
or demand were to scale up more slowly, this could lead to increases in emissions of 0.5 MtCO2e in 2030 and
4.0 MtCO2¢ in 2040 compared to the Balanced Pathway. There are a variety of options to make up this
relatively small shortfall in 2030, but the impact in 2040 would require substantial contributions from
contingency actions. Scrappage schemes to make up some of the shortfall in heat pump installations or to
speed up the roll-out of EVs could play a significant role here. Increased energy efficiency installations are
most effective in reducing emissions in buildings that are still dependent on fossil fuels for heating, so this
could also be helpful if heat pump roll-out is slower than planned.

No BECCS in electricity supply

Our pathway includes the use of a limited amount of BECCS in the electricity supply sector. If the
Government were to choose to pursue a pathway without any BECCS in electricity supply, this would leave
shortfalls to be made up in the engineered removals and electricity supply sectors:

* Engineered removals: the negative emissions from BECCS in electricity supply in our pathway are
zero in 2030 but increase to 8.7 MtCO2e in 2040 and 9.6 MICO2e in 2050. If there were no BECCS in
electricity supply, some of these removals could still be achieved by using the biomass in other
BECCS applications, such as hydrogen or sustainable aviation fuel production. There are also other
contfingency options, such as early scrappage of cars or boilers for 2040 and increased DACCS
deployment for 2040 (likely a limited amount on this timescale) and 2050, although this would use up
available contingencies that may be needed for other purposes.

e Electricity supply: BECCS provides around 10 TWh of firm electricity generation annually in our
pathway. This would need fo be replaced with additional nuclear, gas CCS, or hydrogen
generation. This would be equivalent to approximately half a new large nuclear plant, or around
three small modular reactors. This would be a challenge before the 2040s. Alternatively, the shortfall
could be made up with additional gas CCS or hydrogen generation, which would have associated
emissions of less than 0.5 MtCOze per year.
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Chapter 7: The Balanced Pathway by
sector

This chapter discusses what the Balanced Pathway looks like for each sector, sefting out the key
measures that combine to reduce emissions, the costs and cost savings, and the priority actions
required to deliver the pathway.
The sectors covered in this chapter are:

e Surface transport (Section 7.1).

e Residential buildings (Section 7.2).

e Industry (Section 7.3).

e Agriculture and land use (Section 7.4).

e Electricity supply (Section 7.5).

e Aviation (Section 7.6).

e Fuel supply (Section 7.7).

e Waste (Section 7.8).

* Non-residential buildings (Section 7.9).

e Shipping (Section 7.10).

e F-gases (Section 7.11).

¢ Engineered removals (Section 7.12).

/.1 Surface fransport

Key messages

Today: surface transport is currently the highest-emitting sector in the UK economy. In 2023, surface
transport accounted for 24% of UK emissions, 102.8 MtCO-e.

CB7 period: by 2040, surface transport emissions fall by 86% in the Balanced Pathway, relative to
2023. Surface transport will account for 14.9 MICOze of UK greenhouse gas (GHG) emissions and will
be the UK's fourth highest-emitting sector.

By 2050: this sector can almost completely decarbonise through rapid electrification.
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Our key messages are:

* Electric vehicles (EVs) will be the main source of decarbonisation. By the middle of the
Seventh Carbon Budget period, over three-quarters of cars and vans on the road, along
with a fast-growing number of heavy goods vehicles (HGVs), will be EVs. There will be no
hydrogen cars or vans, and very little or potentially even no role for hydrogen in heavier
vehicles.

e Electric cars and vans become cheaper than internal combustion engine (ICE) vehicles by
the late 2020s, both in terms of upfront and running costs. The changes in surface transport
are cost saving for the country and households.

e The zero-emission vehicle (ZEV) mandate is supporting the transition to EVs through legally
binding targets on the share of cars and vans sold in the UK that must be zero-emission. The
Balanced Pathway assumes that, under current vehicle price expectations and with a
supportive policy landscape, sales exceed the minimum levels set by the mandate.

e Charging infrastructure will be critical to supporting rapid uptake of EVs. Along with
continued roll-out, it will also be important to reduce the cost of charging and simplify
payment methods.

¢ The Government needs to provide clarity on the phase-out date for ending the sale of new
petrol and diesel vehicles, which provides a backstop to the ZEV mandate. The
Government’s intent to restore the phase-out date for new petrol and diesel cars to 2030 is
welcome. The Government should also confirm the 2040 phase-out for new diesel HGVs,
restore the 2030 date for vans, and consider including hybrid cars in the phase-out.

* The Government should work with major van fleet operators to better understand the
barriers to electric van take-up, which is lagging, and quickly implement policies to
overcome them. Financial support will be needed in the early years to stimulate uptake of
electric HGVs and charging infrastructure.

e Local authorities will require funding and powers to deliver better public transport and
walking and cycling infrastructure. These fravel modes increase in our pathway, bringing
the UK closer in line with counftries such as Switzerland, Germany, and the Netherlands.

7.1.1 Emissions in surface transport

Emissions in surface transport were 102.8 MtCOze in 2023. It has remained the UK's highest-emitting
sector since 2015. In 2023, 95% of surface transport emissions came from cars (59%), HGVs (19%),
and vans (18%), with smaller shares from other vehicles including buses, motorcycles, and rail.

e Emissions were relatively flat between 1990 and 2019. Following a steep decline during the
COVID-19 pandemic, emissions rebounded by 2021, but at a lower overall level. In 2023,
emissions were 10% below 2019 levels.

e A typical medium-sized car was 39% less carbon intensive in 2023 than in 1990." However,
the reduction in emissions from increased vehicle efficiency has been offset by a frend

towards large cars and SUVs. This trend also has implications for the embodied emissions of
manufacturing cars.

* Figure based on CCC analysis, calculated by taking historical test-cycle results uprated using real-world emissions data.
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e Strong recent progress on electric car sales has started to have a small positive contribution
towards emissions reduction in the sector, with nearly one million EVs on UK roads in 2023,
making up 2.8% of the entire car fleet.!

e Car traffic steeply declined during the COVID-19 pandemic. This fall and the subsequent
recovery have resulted in a reduction in per-capita car-kilometres in 2023 to 7% below pre-
pandemic levels, caused by embedded changes to travel and working patterns, such as
hybrid working and online shopping.? Conversely, van traffic is now higher than pre-
pandemic levels, caused by an increase in online retail.3

7.1.2 The Balanced Pathway for surface transport

In our Balanced Pathway, surface fransport emissions are projected to fall, relative to 2023 levels, by
86% to 14.9 MiCO2e by 2040 (the middle of the Seventh Carbon Budget period) and to 1.1 MfCOze
by 2050 (Figure 7.1.1). The key values that underpin this pathway are summarised in Table 7.1.1.

Figure 7.1.1 Surface transport emissions by subsector - m
historical (2008-2023) and Balanced Pathway (2025-2050)
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Description: The largest share of surface fransport emissions comes from cars, followed by HGVs and vans. In the Balanced Pathway,
emissions across all subsectors fall quickly, reaching close to zero by 2050.

Source: Department for Energy Security and Net Zero (DESNZ) (2024) Provisional UK greenhouse gas emissions national statistics 2023;
DESNZ (2024) Final UK greenhouse gas emissions national statistics 1990-2022; Climate Change Committee (CCC) analysis.

Notes: Solid colours, fo the right of the line, represent our modelled pathway emissions in each subsector from 2025. Pale shades, to the
left of the line, show historical subsector emissions data up to 2023 and then our modelled expectations based on existing frends and
policies for past years for which data are not yet available.
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Table 7.1.1
Key values in the Balanced Pathway for surface transport

Emissions Emissions in year (MtCO2e)
Change in emissions since 1990 -13% -40% -68% -87% -99%
Change in emissions since 2023 -4% -33% -64% -86% -99%
Share of total UK emissions 24% 23% 20% 14%
Percentage of electric carsin the fleet* 6% 29% 57% 80% 97%
Percentage of electric vans in the fleet* 3% 23% 52% 74% 95%
Key drivers
- quantity Percentage of electric HGVs in the fleet* 0% 6% 31% 63% 93%
variables
Modal shift away from cars (car-km)t 1% 4% 7% 7% 7%
Percentage of electrified rail track 38% 44% 49% 55% 66%
Electric car price premium/saving? 14% -6% -8% -10% -12%
Key drivers
- price Electric van price premium/saving* 8% -8% -11% -12% -15%
variables
Electric HGV price premium/saving* 102% 57% 46% 33% 30%
Source: CCC analysis.
Notes: We have blanked out the share of total UK emissions in 2050 because total UK emissions have reached Net Zero at this point. All
costs are in 2023 prices. *Electric vehicle (EV) shares refer to fully electric vehicles only (i.e. excluding hybrids). Our EV uptake modelling is
based on the actual distribution of vehicle ages. This means that there are some vehicles that remain in the fleet for a long time, resulting
in a small share of petrol and diesel vehicles remaining in 2050. Based on observed data on vehicle mileages by age, these older vehicles
are typically expected to drive relatively low annual mileages. tCompared to the baseline. The ‘premium/saving’ is the percentage
price difference between a new EV and a comparable internal combustion engine vehicle, averaged across the distribution of new
vehicle sales by vehicle size. A positive value means there is a cost premium to buying an EV over an ICE vehicle; a negative value means
there is a saving. Electric car prices are compared to an average petrol car. Electric van and HGV prices are compared to a diesel van
and HGV respectively.

Key elements of the Balanced Pathway for surface transport

The largest share of emissions reduction in the Balanced Pathway for surface fransport comes from
switching from fossil fuel vehicles to electric cars, vans, HGVs, buses, and motorcycles. This is
supported by measures to reduce traffic growth, improve the efficiency of conventional vehicles,
and decarbonise the rail network (Figure 7.1.2).
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Figure 7.1.2 Sources of abatement in the Balanced Pathway m
for surface fransport
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Description: The largest share of emissions reduction in surface transport is from switching to electric cars and vans. Contributions also
come from zero-emission HGVs, other zero-emission vehicles, rail, vehicle efficiency and hybridisation, and modal shift and efficient
driving.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; CCC analysis.

Notes: (1) We generally account for emissions reductions due to measures to reduce demand for high-carbon activities (including low-
carbon choices and efficiencies) first, before the impact of low-carbon technologies. (2) Emissions reduction due to the use of biofuels
in road vehicles does not appear in this chart, because these fuels are used in both the pathway and the baseline. (3) ‘Other zero-
emission vehicles' include zero-emission buses, motorcycles, and aircraft support vehicles.

The key measures that combine to reduce emissions in surface transport are:

Electric cars and vans (53% and 19% respectively of emissions reduction in 2040). EV sales have
grown rapidly over recent years. Falling costs will make EVs an attractive option across all market
segments by the late 2020s, allowing sales to increase quickly.

e By 2040, 80% of cars and 74% of vans on the road will be electric.” The market share of new
electric cars increases from 16% in 2023 to 55% by 2027, with electric vans increasing from

6% to 34%.4 Electric cars and vans reach around 95% of new sales by 2030 and 100% by
2035.

— While this ambitious trajectory outpaces the ZEV mandate, it is achievable - there has

been strong early EV growth in the UK and consumer awareness is high (see
Chapter 5).

— This roll-out rate falls within the range of other projections (Figure 7.1.3).

“ When we refer to electric vehicles, we include only battery-electric vehicles. Hybrids (including plug-in hybrids) are not
included in these percentage shares.
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¢ Uptake modelling suggests that sales of new EVs will increase as they become relatively less
expensive than ICE vehicles at the point of purchase, and when there is increased
confidence in these technologies. Availability of cheap and reliable charging (including for
households without off-street parking) is needed to increase consumer confidence.

— Falling costs, primarily due to cheaper batteries, are a key driver of EV uptake. EVs are
assumed to reach price parity with ICE vehicles between 2026 and 2028, depending
on vehicle size.>¢ The prices of EVs have been falling quickly, and the lifetime cost of
an EV is already lower than a comparable ICE vehicle for many drivers due to lower
running and maintenance costs.”

— Used EVs have now reached upfront price parity with their ICE counterparts.8

— Plug-in hybrid electric vehicles (PHEVs) do not play a central role in our pathway,
although they confinue to be taken up in small numbers until 2035 (5% of sales over this
period). Real-world performance of PHEVs indicates that these often result in lower
emissions savings than previously expected, so the Government should consider
including PHEVs in the ICE phase-out date.?

— Sales of electric vans have been slower to pick up than cars. This is partly due to there
being fewer electric van than car models. The continued development of charging
infrastructure will be key in increasing commercial confidence in electric vans, but
further action to remove barriers to uptake is likely to be needed.

e Good progress has been made in the roll-out of EV chargers, which should in turn increase
consumer confidence and EV uptake.

— From 2022 to 2023, the number of public chargers grew by 45% to 54,000.° Continued
growth is needed to reach around 300,000 by 2030 and over 550,000 by 2040, to
support charging during longer journeys and those who cannot charge at home.

— However, the cost of public charging and limited payment methods, especially for
those who cannot charge at home, could be a barrier to EV take-up. There is also a
need to ensure adequate charge point provision in every area of the country.

e It will likely eventually become cost-ineffective to maintain a widespread petrol fuelling
network. While we have not modelled this, it would impact the feasibility of fossil fuels for
general use, which could result in a rapid shift away from ICE vehicles towards the end of
the transition.
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Figure 7.1.3 EV uptake in the Balanced Pathway compared «
tfo the ZEV mandate and forecasts from other sources
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Description: Electric vehicle uptake follows a similar growth profile to other projections. Uptake in the Balanced Pathway is faster than
Bloomberg and SMMT projections, Norway's observed EV sales shares delayed by eight years, and the ZEV mandate, but slower than
projections by Carbon Tracker/New Automotive.

Source: Statens Vegvesen (2024) Updated status for zero-emission vehicles; Bloomberg New Energy Finance (2023) EV Outlook; Society
of Motor Manufacturers and Traders (SMMT) (2021) SMMT new car market and parc outlook to 2035 by powertrain type at 11 June 2021;
Department for Transport (DfT) (2023) Zero emission vehicle mandate and COz regulations: joint Government response cost benefit
analysis; Carbon Tracker (2023) Electric drive to survive: the automotive energy transition; CCC analysis.

Zero-emission HGVs (12% of emissions reduction in 2040). Operators of HGVs are expected to
switch to zero-emission options. Battery-electric options are likely to be suitable for most use-cases.

*  While the market development of zero-emission HGVs is at an earlier stage than electric
cars and vans, manufacturers are now launching electric models.'! Developments in
technology and charging infrastructure since our Sixth Carbon Budget advice suggest that
electric models are likely to be suitable for most use-cases and offer lower lifetime cost:

— EV battery prices have fallen in recent years, with a rapid further decrease projected
by 2030. Conversely, progress on fuel cell costs has been slower than expected.2
Many manufacturers are setting out plans to launch and scale up their electric HGV
offer,13:14:15

— There is promising early progress on the roll-out of public charging infrastructure for
battery-electric HGVs. The majority of HGV movements occur along a limited number
of corridors connecting major logistics centres. Government support is expected to
deliver 25 sites by the end of 2026.1¢

¢ Roll-out in our pathway scales up from the late 2020s, with 63% of HGVs in the fleet being
electric by 2040. The Government’s commitment to a 2040 phase-out date for ending the
sale of new ICE HGVs (with a 2035 phase-out date for smaller HGVs) sends a strong signal to
industry to research and invest in zero-emission HGVs.
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e However, itis likely that incentives will be needed in the early years to support businesses
with the higher upfront cost of zero-emission HG Vs if this level of uptake is to be achieved.
There are other barriers to battery-electric HGV uptake that need to be addressed:

— Battery-electric HGVs are heavier than their ICE counterparts due to the weight of the
battery. Under current weight restrictions, this may require an increase in HGV journeys
to fransport the same payload for some heavy goods and could therefore increase
HGV-kilometres. While this can be mitigated to some extent by allowing heavier HGVs
on strategic roads, current commercial demonstrations will need to establish the best
approaches to make battery-electric HGVs commercially viable across the sector.

— Sufficient infrastructure will also be required to allow HGVs to charge en route and at
journey endpoints while meeting tight delivery schedules. As many warehouses and
depots are not owned by HGV operators, there will need to be a collaborative
approach to establishing a network of depot chargers. It will also be critical to reduce
delays in securing connections to the electricity grid.

*  Our pathway assumes battery-electric vehicles are the option chosen to decarbonise all
HGVs. However, there is still some uncertainty regarding the exact make-up of technologies
in the fleet that will meet requirements for specific long-distance journeys or for particularly
heavy cargoes. As freight fravels across borders, it will be important to keep up with
developments in Europe and ensure UK HGV infrastructure aligns with these.

¢ Our modelling does not assume that road freight shifts onto rail. This could aid
decarbonisation of the freight sector in the short ferm and reduce congestion. However,
zero-emission HGVs are expected to become available across the road haulage sector
sooner than it will be possible to completely remove diesel from rail freight. This is due to the
limitations of other rail technologies and the likely need for diesel-electric hybrids to service
certain routes.

Other zero-emission vehicles (3% of emissions reduction in 2040). This includes buses, coaches, and
motorcycles, as well as aircraft support vehicles. Various bus operators have already switched parts
of their bus fleets to zero-emission technologies. This frend will continue to accelerate.

¢ The share of buses that are zero-emission grows from 1% in 2023 to 18% by 2030 and 60% by
2040. Local routes will be largely served by battery-electric vehicles. Long-distance routes
and coaches face similar challenges to HGVs, so decarbonise more slowly. Local authorities
are playing a leading role in the decarbonisation of buses and will require further support.

¢ The share of motorcycles that are zero-emission grows from 2% in 2023 to 89% by 2040.

Modal shift and efficient driving (9% of emissions reduction in 2040). Enabling people to choose
alternatives to driving can reduce emissions and deliver a range of co-benefits, as can more
efficient driving. More will need to be done to encourage a further shift away from cars towards
alternative modes of fravel.

* Improvements fo make buses and active travel more attractive, affordable, and accessible
allow 7% of car demand to be switched to public transport and active travel by 2035,
compared to the baseline. This is an ambitious assumption on modal shift, underpinned by
evidence on interventions in leading countries, such as Germany and the Netherlands and
in fowns and cities across the UK. 17:18:19:20

* Modal shift in our pathway is primarily driven by a move o buses, cycling, and walking.

Transformative rail projects are unlikely to be delivered before 2035, after which all new cars
will be electric and the emissions-saving potential from modal shift declines substantially.
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The Government may wish to go further on modal shift for reasons beyond emissions
reduction, such as reducing congestion and energy demand. We explore a contingency
for a further 3% of car demand to be switched to public fransport or active travel by 2035,
compared o the baseline (see Chapter 6).

We also assume small improvements in average driving efficiency through improved speed
limit compliance and eco-driving training for HGV drivers.

We assume that the tfrend of increasing van-kilometres slows down in the baseline. This
should be monitored.

Conventional vehicle efficiency (1% of emissions reduction in 2040). While EV sales are still growing,
it is important to reduce the COz intensities of the conventional vehicles still being sold.

In line with the Government’s consultation on the ZEV mandate, we assume a 2%
improvement in the efficiencies of new ICE cars and vans each year.2! We also assume that
these efficiency improvements will be extended to HGVs, for which this improvement will be
particularly important as new diesel vehicles are sold until 2040. This can be achieved
through measures such as light-weighting and increasing hybridisation.

For cars, much of the improvement in vehicle efficiency in the last few decades has been
offset by the shift towards larger vehicles.?2 We assume that the distribution of new car sales
across vehicle size segments remains constant at today’s levels throughout the Balanced
Pathway, counter to recent trends. Policy intervention may be needed to limit further
vehicle size increases.

We assume biofuels confinue to be blended into petrol and diesel, reducing emissions from
those ICEs still in the fleet. These savings decrease as the vehicle fleet switches to electric.
Blending of biodiesel, predominantly used in HGVs and vans, increases as production using
the Fischer-Tropsch process scales up in the 2030s.

Some old vehicles and classic ICE cars will remain in the fleet in 2050 and conftribute to low
levels of residual emissions, as these vehicles are not typically driven long distances. There
may be an additional role for biofuels here, however, we have not modelled this.

Rail decarbonisation (1% of emissions reduction in 2040). Rail tfravel is already relatively low carbon.

This can be further improved by increasing the share of electrified track on which a growing
number of electric trains can travel. Our pathway also has a small role for hydrogen-
powered and battery-electric trains in the medium term. Together, this allows for all fully-
diesel trains to be removed from both passenger and freight operations by 2040. Diesel-
electric hybrids continue to operate on non-electrified freight routes until 2050.

Some coal in heritage railways will continue to be required until a viable low-carbon fuel is
found. Currently, no such alternative exists, and heritage railways continue to produce
residual emissions in our pathway.23
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Key indicators for surface transport

The key indicators of the changes required to deliver the Balanced Pathway for surface transport
include metrics on the rate of uptake and costs of EVs, the roll-out of public charge points, and

road fransport demand (Figure 7.1.4).

Figure 7.1.4 Key indicators for the surface transport sector ‘«
a) Battery-electric car share of b) Battery-electric van share of c) Zero-emission HGV share of
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— Historical Balanced Pathway
Description: The key indicators for surface transport in the Balanced Pathway show a rapid increase in the share of zero-emission
vehicles (cars, vans, and HGVs) in the fleet and of public EV charge points out to 2050, following an S-curve shape. The per-capita
distance travelled by cars, vans, and HGVs increases out to 2050. The percentage of the railway that is electrified increases between
2025 and 2050.
Source: Historical data from the DfT, ORR and SMMT; CCC analysis.
Notes: (e) The range represents the uncertain impact of rebound effects, which could increase driving as a result of the cheaper cost
of motoring offered by electric vehicles. (h) The electric car price ‘premium’ is the percentage price difference between a new
electric car and a comparable new petrol car, averaged across the distribution of new car sales by vehicle size.
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Box 7.1.1

Surface fransport in the citizens’ panel

The Committee convened a citizens' panel to explore what an accessible and affordable vision of Net Zero
looks like for households (see Chapter 8 for further details). Among other topics, the panel explored how the
switch from petrol and diesel cars to electric cars and the reduction in car-kilometers through modal shift
could be achieved in a way that is accessible and affordable for all households. The panel was presented
with results from the Committee’s distributional impacts model (see Section 8.3), which explores the costs
and cost savings associated with different policies for different household archetypes (brought to life in the
form of illustrative household personas).

The panel expressed a readiness to switch to electric cars, but often only if better charging infrastructure is
available and if/once costs of electric cars achieve upfront purchase price parity with petrol and diesel
cars, or with support on upfront costs. Panel members:

* Viewed phase-out dates for petrol and diesel cars as an inevitable and acceptable step towards
Net Zero, as long as lower-income households are supported fo make the switch.

* Were relatively comfortable with the idea of electric cars but wanted information and reassurance
around the availability of charging infrastructure, range, and battery longevity (especially in the
second-hand market). The panel highlighted a desire for objective information and realistic
expectations about the benefits and drawbacks of electric cars, including expected costs and cost
savings. Further investment in charging infrastructure was seen as necessary.

* Did not see widely available grants for electric cars as a priority. Due to the potential for savings in
running costs, the panel thought it inappropriate to offer upfront grants to everyone to bring electric
cars to price parity with petrol and diesel cars earlier. Some panel members supported grants for
low-income households to enable them to switch to electric cars.

* Preferred loans, salary sacrifice, or scrappage schemes and support on charging points. Panel
members suggested that interest-free loans, salary sacrifice, or scrappage schemes could
encourage households to make the switch and make savings faster. Panel members thought it
appropriate to have grants for home charging points, as these were seen to be an additional
expense, particularly significant for renters or those not staying in one place for a long time.

The panel saw modal shift as a desirable option if made accessible and affordable to all households. Panel
members wanted better public transport infrastructure in rural areas and a reduction in ticket prices,
especially for families and when travelling by train.

7.1.3 Costs, cost savings, and co-impacts

Delivering the Balanced Pathway for surface transport results in a cost saving to the economy
compared to the baseline (Figure 7.1.5). Cost savings are driven by EVs, which give savings in
capital and operating expenditure across most of the pathway. Costs in the pathway are driven by
charging infrastructure, the upfront price premium of zero-emission HGVs and buses, and rail
electrification. Until price parity is reached, the upfront price premium of electric cars and vans also
contributes to costs.

e Electric cars and vans: after the date of price parity between EVs and ICEs is reached (2026
to 2028), electric cars and vans deliver capital cost savings. This is driven by a decrease in
EV manufacturing costs, especially the battery component.24 EVs are much more energy
efficient than fossil fuel vehicles and have fewer moving parts requiring maintenance. As a
result, they also deliver substantial operating cost savings.

— The upfront price of an electric car, based on comparing EVs against comparable ICE

vehicles and averaging across all car size segments, was 37% higher than a petrol car
in 2023. Prices have fallen quickly over the past decade.
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— Another analysis of a representative sample of seven car models with electric and ICE
equivalents found that for these cars, electric models were only 12% more expensive
than their petrol counterparts in 2024.%25

e HGVs and buses: upfront costs of zero-emission HGVs and buses are higher than the diesel
options they replace in our pathway. Depending on the speed of global development of
these technologies, costs could fall more quickly than we have assumed, potentially
resulting in cost savings. Zero-emission HGV and bus operating costs are lower than
operating costs for diesel vehicles, although incentives on the upfront price premium are
likely to be needed to deliver lifetime cost savings for operators over the next 10 to 15 years.

e Charging infrastructure: costs for installing charging infrastructure (both home and public
chargers) increase until the early 2030s then slowly decline. Costs will continue to be
incurred for scaling up the network to meet growing demand, operation and maintenance,
and developing a network for charging HGVs.

* Rail electrification: while the costs of electric trains are similar to the costs of diesel trains, the
cost of track electrification means that decarbonising rail fransport leads to net costs which
peak around 2035. Rail electrification leads to operating cost savings.

Our pathway also offers substantial cost savings for consumers, due to the greater efficiency of EVs.
EVs and modal shift also offer a range of co-benefits (see Chapter 8).

¢ Costs to consumers: while EVs currently cost more to purchase than petrol cars and face
higher insurance costs, their lower running costs and the fact that they do not incur fuel
duty mean their total costs over a year are already similar to total costs for ICEs for many
consumers. Cost comparisons depend on annual mileage, car type, and charging
infrastructure used (home or public charging) and for some consumers EVs are already
cheaper than ICEs on a lifetime basis.?¢ We assume that between 2026 and 2028 EVs will
become cheaper on an upfront basis and will continue to offer lower running costs. This will
be frue even without accounting for fuel duty. Figure 7.1.6 compares annual costs of
owning and running EVs and ICEs in 2023 and 2030.

— The main barriers to switching to EVs are likely to be their upfront price relative to ICE
vehicles (in the near term), the time taken for a robust supply of EVs to flow through to
used car markets, and access to home charging.?” Consumers on lower incomes or
with no access to off-street parking are therefore likely to be the last to switch to EVs.

— Continuing to drive an ICE vehicle towards the end of the transition will be more
expensive and could also be increasingly challenging as petrol stations become less
prevalent. It will be important to ensure these consumers are not negatively affected
by the transition.

— There are a range of policy options available to mitigate these risks including improving
access fo home charging and social leasing schemes which can be targeted to
support those at the tail-end of the EV fransition. Policies such as these would also help
to reduce the associated residual emissions from ICEs.28

* This estimate uses a different methodology to the CCC analysis used in our pathway and Table 7.1.1, and therefore it is not
included in our indicator charts in Figure 7.1.4.
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— The lower cost of motoring for electric cars is assumed to lead to an increase in car-
kilometres in our analysis, which more than offsets the overall reduction due to modal
shift. Although there is uncertainty around the degree to which this will happen, this
increases the electricity demand from EVs in our analysis and could have a significant
impact on congestion. It will be important fo monitor this rebound effect and consider
whether policies to control any increases in driving brought about by EVs are needed.

¢ Fiscal impacts: as petrol and diesel vehicles are phased out, fuel duty revenue will fall
sharply. Replacing this is a matter for government, which could be dealt with through
general taxation or a switch to an alternative transport tax. These, like other transfers, are
not counted within our overall costs.

¢ Manufacturing competitiveness: UK manufacturers will need to continue to adapt to the
fransition to EVs for both domestic and international markets for the UK’s car industry to
remain globally competitive (Box 7.1.2).

* Headlth benefits: switching to active forms of travel, such as walking and cycling, will offer
health and wellbeing benefits. Widespread uptake of zero-emission vehicles will deliver
improvements in air quality (particularly reductions in nitrogen oxides and carbon
monoxide) and noise reduction.??
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Figure 7.1.5 Costs and cost savings in the Balanced Pathway
for surface transport, compared to the baseline
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Description: The Balanced Pathway becomes cost saving for surface transport by 2027, and total cost savings gradually increase out to
2050. These cost savings are driven by EVs, which give savings in capital and operating expenditure across most of the pathway.

Notes: (1) Capex is additional capital expenditure and opex is additional operating expenditure. Both are additional in-year costs in
2023 prices, relative to a baseline of no further decarbonisation action. (2) The ‘other’ category includes buses, motorcycles, and
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Figure 7.1.6 Annual cost comparison for new electric and ‘
petrol cars in 2023 and 2030
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Description: In 2023, the total annual cost of an electric car was roughly £250 more than a petrol car, due to higher upfront vehicle and
insurance costs. By 2030, annual electric car costs are expected to be lower than petrol cars due to lower vehicle and running costs.
Source: CCC analysis.

Notes: (1) Vehicle capital costs are annualised across a 15-year lifetime at an 8.9% interest rate. All taxes and duties are included here.
(2) Electric vehicle (EV) insurance costs are assumed to be 13% higher than ICE costs in 2023, but decrease to match ICE levels in 2030
as EV prices fall. (3) For this chart, annual distances driven are the same for EVs and petrol cars and consistent across 2023 and 2030.

Box 7.1.2

UK vehicle exports and imports

UK auto manufacturers have made good progress in growing their EV offers, and many have commitments
to expand their EV range or phase out petrol and diesel vehicles entirely.3%:31:32 This is driven by international
frends, as the vehicle market is international. The UK's ZEV mandate and ICE phase-out dates apply to
vehicles sold in the UK (rather than those manufactured in the UK) and have contributed to this change.

The UK is both an exporter and importer of vehicles, as vehicles made in the UK and abroad cater to
different market segments. Cars are the UK’s second largest goods export, with 80% of vehicles made in the
UK exported.3334 7% of vehicles produced in the UK are EVs, of which 24% are sold domestically. In
comparison, 21% of non-EVs produced in the UK are sold domestically.®> More than 90% of cars registered in
the UK in the first half of 2023 were manufactured abroad.3¢

e UK auto exports in 2022 were valued at £34 billion.?” In 2023, nearly 80% of exports went to the EU, the
US, or China (60%, 10%, and 7% respectively).3® UK auto imports in 2022 were valued at £59 billion,
with just over 80% coming from the EU or China (71% and 9% respectively).

* In the first half of 2023, just 3% of new EVs sold in the UK were manufactured here, with almost half
coming the EU and a third from China.3?

The share of Chinese-made electric vehicles sold in the UK could expand as cheaper models enter the
market, for example BYD's new low-cost Seagull supermini model is expected to reach UK markets in 2025.40
Stellantis is also set to sell cheap electric cars in the UK, made by Chinese partner Leapmotor.4!

The EU, US, and more recently Canada have imposed tariffs on Chinese-made EVs to protect domestic
industries. Tariffs on imported vehicles increase costs for consumers.

A recent analysis of UK automotive manufacturing by the CBI concluded that EVs will be ‘fundamental to
the future prosperity of the UK automotive sector, which could vary in size by up to £50 billion in gross value
added’ depending on different industry scenarios.2
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7.1.4 Key actions required to deliver the Balanced Pathway for surface
fransport

Delivering the Balanced Pathway in surface transport will depend on continuing progress in
building key markets combined with effective government policy. Most major vehicle
manufacturers are already switching to producing EVs. Consistent policy is needed to ensure the
enablers of both production and consumer demand are in place. It will also be important to
extend progress beyond cars. The key actions that are needed are as follows:

* Implement regulations requiring that all new cars and vans sold after 2030 must be able to
fravel a significant distance using electrical power alone. Clarity on and effective
implementation of phase-out dates for ending the sale of new petrol and diesel cars and
vans is essential for the transition to EVs. Legislation will be required to establish ambitious
targets for the ZEV mandate from 2031 to 2035 if hybrids are still allowed post 2030.

¢ Improve the availability and reduce the cost of local public charging for drivers who do not
have access to private off-street parking, to make local public charging more comparable
to charging at home.

* Develop further policies and incentives to accelerate zero-emission van uptake, working
with major van fleet operators to understand and overcome barriers to uptake such as
charging and access to finance.

* Design and implement a regulatory mechanism requiring sales of zero-emission HGVs to
scale up to meet the 2040 end-of-sales date for new diesel HGVs (2035 for smaller HGVs)
and provide purchase subsidies where required.

¢ Develop a strategy to deliver the required charging infrastructure for heavy-duty vehicles,
including HGVs and buses. This would give operators confidence to invest in new
technologies. This should include guidance on establishing new grid connections, delays to
which currently pose a significant barrier to ZEV uptake.

¢ Provide local authorities with long-term funding and powers to deliver increases in public
fransport, walking, and cycling. Long-term clarity is also needed on what funding streams
will be available to implement plans and additional powers for local areas to deliver an
integrated public transport offer.

* Highlight the benefits of zero-emission vehicles. Government and industry should actively
provide information on the benefits of EVs. Many consumers are unaware that EVs could
already be cost saving for them on a lifetime basis (depending on annual distance driven,
car type, and whether they have access to home charging) and are unaware how rapidly
upfront EV prices are falling.4 They can also be unaware of the extent of charging
availability and misinformed about battery longevity and EV lifecycle emissions.4

/.2 Residential buildings

Key messages

Today: the residential buildings sector is currently the second highest-emitting sector in the UK
economy. In 2023, residential buildings accounted for 12% of UK emissions, 52.2 MtICOze.

CB7 period: by 2040, residential buildings emissions fall by 66% in the Balanced Pathway, relafive to
2023. Residential buildings will account for 17.7 MtCOze of UK GHG emissions and will be the UK's
third highest-emitting sector.
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By 2050: this sector can almost completely decarbonise through electrification of heating and
appliances.

Our key messages are:

e Electrification of heating is central to eliminating emissions from homes. Heat pumps will be
the dominant low-carbon heating technology, with a limited role for other electric heating
options. There is no role for hydrogen heating in residential buildings.

e Energy efficiency measures are an important part of our pathway, providing near-term
reductions in emissions and energy demand, and lower fuel bills. Energy efficiency
measures also reduce fuel poverty and deliver health benefits.

* Arapidincrease in deployment of low-carbon heating and energy efficiency measures is
essential. The UK is behind many other similar countries in rolling out heat pumps. Energy
efficiency measures have also been delivered at a much slower rate than required. But
experience in similar countries shows rapid uptake is possible with the right incentives in
place.

¢ Households will need better incentives to adopt low-carbon heating, including cheaper
electricity. Uptake will need to be incentivised through a combination of regulations and
financial support. Loans and grant funding will be necessary for some households to meet
the upfront costs, and incentives or regulations will be required for landlords to ensure
tenanfts in private rented housing can access low-carbon heating.

* Supply chains for low-carbon heating and energy efficiency need to be scaled up rapidly.
The domestic heating industry urgently needs to develop a workforce with the skills to
design, install, and service heat pumps at scale.

7.2.1 Emissions in residential buildings

Emissions in residential buildings were 52.2 MtCO2e in 2023, making it the UK’s second highest-
emitting sector (Figure 7.2.1). This is 35% lower than 1990 levels.”

¢ The largest source of emissions (96%) is the use of fossil fuels for space heating and hot
water.

¢ The main fossil fuel used for heating and hot water is gas (80% of emissions), with a smaller
role for oil and liquefied petroleum gas (LPG) (12%). Since 1990, there has been a reduction
in emissions from solid fuels, from 21% of total emissions in 1990, to 4% in 2023.

e Emissions in residential buildings have gradually decreased since the early 2000s. This
decrease has been driven by policies to improve the efficiency of heating technologies
and deliver investments in building fabric efficiency.:45:4¢

e There has been a sharp fall in emissions since 2021, driven by very high gas prices and mild
winters.

" Electricity use in residential buildings also produces indirect emissions, which we account for in the electricity supply sector
(see Section 7.5).

T Energy-using product standards have historically been used to regulate boiler standards and efficiencies. Since 2018, all
gas boilers installed info existing systems in England have been required to have an efficiency of 92%. The Government has
supported energy efficiency schemes that have improved the energy performance of UK homes, such as the Energy
Company Obligation, which has been running since 2013. Progress on delivering energy efficiency measures has slowed in
recent years.
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7.2.2 The Balanced Pathway for residential buildings

In our Balanced Pathway, emissions from residential buildings are projected to fall, relative to 2023

levels, by 66% to 17.7 MtCO2e by 2040 (the middle of the Seventh Carbon Budget period) and o

0.4 MtCO2¢e by 2050 (Figure 7.2.1). The key values that underpin this pathway are summarised in
Table 7.2.1. Our analysis uses heating emissions in 2019 as a starting point for calculating the

baseline. This was an average temperature year and was prior to the COVID-19 pandemic and the

energy crisis (the long-term impacts of which are uncertain).

historical (2008-2023) and Balanced Pathway (2025-2050)
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mm Household appliances and machinery  mmmm Solid fuel heating and hot water
mmm Oil heating and hot water mmm Gos heating and hot water
—Temperature-adjusted historical total

all emissions are from heating and hot water. In the Balanced Pathway, emissions fall to nearly zero by 2050.

national statistics 1990-2022; CCC analysis.

the left of the line, show historical subsector emissions data up to 2023 and then our modelled expectations based on existing trends
high energy prices. Our pathway assumes that some of this reduction was a direct response to the weather and prices and will

therefore only be short-term. It is assumed that the rest of this reduction is due to energy-saving practices that will be maintained into
the future, such as reducing boiler flow temperatures, adjusting thermostats, and other measures to reduce energy bills.

Description: Residential buildings emissions have been gradually falling, with large year-to-year variation due to temperature as almost
Source: DESNZ (2024) Provisional UK greenhouse gas emissions national stafistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
Notes: (1) Solid colours, to the right of the line, represent our modelled pathway emissions in each subsector from 2025. Pale shades, to

and policies for past years for which data are not yet available. The grey line shows temperature-adjusted historical emissions. (2) There
was a significant drop in emissions from residential buildings between 2021 and 2023 due to warmer-than-average winters and record

Figure 7.2.1 Residential buildings emissions by subsector - m
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Table 7.2.1
Key values in the Balanced Pathway for residential buildings

2025

Emissions Emissions in year (MfCO-ze)

Change in emissions since 1990 -27% -36% -56% -78% -99%
Change in emissions since 2023* +12% -2% -33% -66% -99%
Share of total UK emissions 14% 17% 19% 16%
(GG Proportion of homes with a heat pump 2% 6% 26% 52% 80%
- quantity
variables Proportion of homes with a low-carbon 9% 16% 39% 68% 100%

electrified heating system

Deployment of ‘big’ energy efficiency 0.2 4.6 5.5 5.5 5.5
measures (cumulative, millions)t

Deployment of ‘small’ energy efficiency 0.6 14.0 32.2 34.7 34.7
measures (cumulative, millions)*

L GCINEIE Capital cost of first-time 12 kW air source 10.9 10.3 9.6 8.9 7.5
- price heat pump installation (£ thousands)$
variables

Source: CCC analysis.

Notes: We have blanked out the share of total UK emissions in 2050 because total UK emissions have reached Net Zero at this point. All
costs are in 2023 prices. *Emissions in 2023 were lower than expected due to a warmer-than-average year and high energy prices. 1'Big’
energy efficiency measures include loft insulation, wall insulation, and floor insulation. $'Small’ energy efficiency measures include a variety
of low-cost measures, including draught-proofing and hot water tank insulation. § Excludes any ancillary costs such as a hot water tank or
radiator upgrades.

Key elements of the Balanced Pathway for residential buildings

Residential buildings are almost fully decarbonised by 2050. Replacing fossil fuel heating systems
with low-carbon, electric heating technologies is central to eliminating emissions from homes
(Figure 7.2.2). Most homes also receive small energy efficiency improvements (such as draught-
proofing), while big energy efficiency improvements are installed in 17% of homes.
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Figure 7.2.2 Sources of abatement in the Balanced Pathway m
for residential buildings
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Description: The largest share of emissions reduction in residential buildings is from the electrification of heat, in both existing and new
homes. Energy efficiency improvements and the continuation of some energy-saving practices also play an important role.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national stafistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; CCC analysis.

Notes: (1) We generally account for emissions reductions due to measures to reduce demand for high-carbon activities (including low-
carbon choices and efficiencies) first, before the impact of low-carbon technologies. (2) There was a significant drop in emissions from
residential buildings between 2021 and 2023 due to warmer-than-average winters and record high energy prices. Our pathway
assumes that some of this reduction was a direct response to the weather and prices and will therefore only be short-term. It is assumed
that the rest of this reduction is due fo energy-saving practices that will be maintained into the future, such as reducing boiler flow
temperatures, adjusting thermostats, and other measures to reduce energy bills.

The key measures that combine to reduce emissions in residential buildings are:

Low-carbon heating (66% of emissions reduction in 2040). Low-carbon heating is installed in all
homes by 2050. In our pathway, this is all electric with no role for hydrogen in home heating
(Box 7.2.2). Heat pumps will play a key role, primarily as standalone systems, but also within
communal systems, and it is essential that their deployment accelerates rapidly.

* Inthe Balanced Pathway, the share of existing homes with low-carbon heating increases
from 8% in 2023 to 68% by 2040. The maijority of these homes are heated by a heat pump
(either an individual heat pump or a communal system). This share grows from around 1% in
2023 to 52% by 2040.

— The optfimum mix of electric fechnologies is sensitive to assumptions about their costs
and performance. Uncertainties around these, and the incentives faced by
homeowners, mean that the real-world deployment mix is likely to vary from our
estimates.

— The mix of technologies and rates of deployment vary across different parts of the UK,
depending on the types of housing stock and existing heating systems. Low-carbon
heating is more cost effective in homes which currently use more expensive fuels, such
as oil, so areas with a high proportion of homes on expensive fuels decarbonise faster.
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Individual heat pumps (75% of low-carbon heating systems installed by 2040). Heat pumps
are the dominant solution for replacing fossil fuel heating systems. These mostly consist of air
source heat pumps (94% of the heat pumps installed by 2040), with a smaller role for ground
source heat pumps (0.4%) and hybrids (6%)."

— Heat pumps extract heat from the air or ground, allowing them to provide more
energy than they consume in electricity. This allows energy demands for space heating
and hot water to be met using electricity, while minimising electricity demand and
energy bills.

— In our pathway, annual heat pump installations in existing homes increase rapidly.
60,000 heat pumps were installed in 2023, and this rises to nearly 450,000 in 2030,
reaching around 1.5 million by 2035.4 Installation rates do not exceed natural
replacement cycles - the replacement of a heating system at the end of its life.

* Growth in consumer demand and installer capacity, rather than manufacturing
capacity, are the primary constraints on deployment.

¢ Reaching this rate by 2035 means that, on average, all heating systems can be
replaced by 2050 without requiring assets to be scrapped early. This aligns with a
2035 phase-out date for ending the sale of new gas boilers.

— The UK is significantly behind on heat pump installations compared to other European
countries, consistently installing fewer than 1,000 heat pumps per million people each
year (Figure 7.2.3).48 The UK has a similar reliance on gas for heating to the Netherlands,
which installed nearly 6,000 heat pumps per million people in 2022.4 Our assumed
compound growth rate for heat pump deployment, which increases to a maximum of
42%, is based on the rate of scale-up observed across a range of other European
counfries.

“ A hybrid heat pump uses a standard heat pump alongside an additional heat source. In our modelling, the most common
hybrid is a combination of a heat pump with point-of-use hot water. We do not consider fossil fuel or hydrogen hybrids.
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Figure 7.2.3 Comparison of heat pump roll-out rates across «
Europe
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Description: The UK is significantly behind on heat pump installations compared to other European countries.
Source: European Heat Pump Association (2023) European heat pump market and statistics report 2023; CCC analysis.

e Communal heat pumps (3% of low-carbon heating systems installed by 2040). Communal
heat pumps offer a solution for decarbonising flats and terraced houses.

— Communal heat pumps are shared systems serving a single block of flats or row of
terraced houses. They combine a communal air source or ground source heat pump,
shared distribution pipework, and individual heat pumps within properties (to boost the
heat delivered by the shared pipework).

— Communal heat pump systems are smaller in scale than district heat networks and
serve a relatively small number of properties. This means they can be procured by
building owners or groups of homeowners, without requiring centralised coordination.

— We assume that deployment of communal heat pumps is limited by the same supply
and demand constraints as individual heat pumps.

* Low-carbon heat networks (9% of low-carbon heating systems installed by 2040). Homes
are connected to heat networks when they are located in an area where low-carbon
district heating is likely to be cost effective.

— Low-carbon heat networks (or district heating) connect multiple buildings to a
centralised low-carbon heating source using a network of underground pipes. They
enable the use of heat from large-scale sources such as waste industrial heat, water
bodies, and sewage, and can incorporate large heat pumps.

e They vary in scale, from carrying heat a few hundred metres to nearby homes, to
several kilometres across a whole fown.
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e They will primarily be located in dense urban areas with large non-residential
buildings as anchor loads, particularly where there are existing large-scale heat
sources.

— Heat networks are complex projects requiring large-scale planning and investment.
Individual homes are connected via an internal heat interface unit. They are
particularly suited to dense areas and space-constrained homes, where individual air
source heat pumps may be problematic.

— We assume deployment of heat networks in homes is aligned to the deployment rate
in non-residential buildings (see Section 7.9). This requires consfruction of low-carbon
heat networks to increase from current low rates.

— Existing heat networks are converted to low-carbon heat sources from 2025, with 40%
of existing heat networks converted by 2030 and all converted by 2040.

* Direct electric heating (13% of low-carbon heating systems installed by 2040). Direct
electric heating is deployed in homes with lower heat demand, particularly where heat
pumps may not be an appropriate solution. Approximately 8% of homes already use direct
electric heating.

— Direct electric heating systems include electric resistive heaters and storage heaters for
space heating, and immersion heaters and point-of-use heaters for hot water.

— These heating systems have significantly lower capital costs than heat pumps, but are
much less efficient, meaning running costs are higher. In some homes with lower heat
demand, this can mean that total lifetime costs are lower for direct electric systems.

— Supply chains are already well established, and annual installation rates reach 210,000
by 2035 in our pathway.

— The high electricity consumption of direct electric heating limits the role it can play in
decarbonising homes, due to the impact it would have on household energy bills and
the scale and cost of the power system.

Energy efficiency (10% of emissions reduction in 2040). Energy efficiency measures are primarily
deployed wherever the value of energy savings over their lifetime exceeds the costs of installation.

e Energy efficiency measures include draught-proofing, loft insulation, floor insulation, cavity
wall insulation, and solid wall insulatfion. These measures reduce heating energy demand by
reducing the rate of heat loss through the building fabric.

* In 83% of homes, the most cost-effective approach to reducing emissions via energy
efficiency involves low-cost measures such as insulating hot water tanks and basic
measures such as draught-proofing. The majority of homes with lofts or cavity walls are
already insulated to varying standards.*® In the Balanced Pathway:

— Most of the emissions reductions due to energy efficiency come from widespread small
energy efficiency measures.

— Additional loft insulation or top-up loft insulation is installed in 9% of homes with lofts,
such that all these homes have insulation by the mid-2030s.

— Cavity wall insulation is installed in 16% of homes with cavity walls, such that 87% of
these homes have insulation by the mid-2030s.
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— Solid wall insulation is generally not cost effective and is only installed in around 15,000
homes.

Supply chains for energy efficiency are not tied to those for low-carbon heating. Energy
efficiency measures can be deployed ahead of low-carbon heating, reducing emissions
from existing heating systems.

Improvements to energy efficiency complement the installation of low-carbon heating
systems, however they are not necessarily a requirement.

— Energy efficiency measures reduce the energy demand and system sizes of low-
carbon heating, reducing the capital costs and operating costs associated with low-
carbon heating; reducing electricity demand; and lowering household bills.

— Energy efficiency measures reduce the peak heat demand of homes, allowing heat
pumps to operate at lower flow temperatures (with or without radiator upgrades)
which improves their efficiency.

New homes (14% of emissions reduction in 2040). The Balanced Pathway assumes that all new
homes are highly efficient and have low-carbon heating systems.

The assumption that all new homes have low-carbon heating systems aligns with planned
government policy, and our analysis compares to a baseline in which they are assumed to
be built with gas boilers.

Our pathway assumes no new homes are built with fossil fuel heating systems or gas grid
connections, which would add to emissions and increase overall costs by requiring
refrofitting later.

Lighting, electrical appliances, and other household appliances (1% of emissions reduction in
2040). The Balanced Pathway assumes that all domestic energy-using products are decarbonised
and/or replaced with more efficient equivalents by 2050.

Lighting and appliances are replaced with more efficient equivalents, including LED
lightbulbs and higher-efficiency appliances, such as refrigerators and ovens. These are
assumed to be replaced as they reach the end of therr life.

Gas cooking appliances and petrol or diesel-powered garden machinery are phased out
and replaced with electric equivalents from the mid-2030s, although this could be
implemented more quickly.

Energy-saving practices (9% of emissions reduction in 2040). Our pathway assumes that some of
the emissions reduction between 2021 and 2023 were due to energy-saving behaviours that will be
maintained info the future, such as reducing boiler flow temperatures, adjusting thermostats, and
other steps to reduce energy bills.
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Key indicators for residential buildings

The key indicators of the changes required to deliver the Balanced Pathway for residential buildings
include metrics on the roll-out of low-carbon heating, installation rates of energy efficiency
measures, and energy costs (Figure 7.2.4).
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Figure 7.2.4 Key indicators for the residential buildings sector ‘«
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Description: This key indicators for residential buildings in the Balanced Pathway show the proportion of homes with a heat pump and
the proportion with low-carbon heating increasing, following an S-curve shape. The ratio of electricity o gas prices is reduced and heat
pump installation costs fall gradually. Home insulation measures are deployed rapidly over the coming years.

Source: Historical data from EHPA, DESNZ, and BSRIA; CCC analysis.
Notes: (a) The chart shows the share of existing homes that are heated by a heat pump in each year, including homes with individual
heat pumps and those connected to communal heat pump systems. This share does not include homes connected fo low-carbon
heat networks (some of which will use heat pumps). (b) This includes all electrified low-carbon heating. (e) The range represents the
effect of two policy approaches to reducing the price of electricity that we have considered in our distributional analysis (see

Chapter 8). (f) The pathway shows the cost of a first-time heat pump installation in a typical property, excluding any ancillary costs such
as a hot water tank or radiator upgrades. There is limited historical data on the cost of heat pump installations. The data shown are
likely an underestimate: the average cost of an air source heat pump installed under the Boiler Upgrade Scheme since its inception is
£13,000.
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Box 7.2.1

Residential buildings in the citizens’ panel

The Committee convened a citizens’ panel to explore what an accessible, attractive, and affordable vision
of Net Zero looks like for households (see Chapter 8 for further details). Among other topics, the panel
explored how the switch to heat pumps and the installation of home insulation measures can be achieved
in a way that is accessible and affordalble for all households. The panel was presented with results from the
Committee’s distributional impacts model (see Section 8.3), which explores the costs and cost savings
associated with different policies for different household archetypes (brought to life in the form of illustrative
household personas).

The panel expressed a wilingness to switch to heat pumps and install home insulation, but often only if
upfront costs are made affordable and considerable concerns about the new heating technology are
addressed, including ensuring better information is available and the installation process is made easier.
Panel members:

* Were on board in principle with the need to upgrade home heating systems and insulate homes.

* Had a number of questions in relation to the uptake of heat pumps, especially before learning about
available policy options. These included concerns about the high upfront cost, hassle, noise, and
reliability of the technologies.

* Were concerned about how switching to a heat pump would work for renters and the practicalities
around installing a new technology in a house that may be sold on (for example, wondering
whether households would be able to apply for another grant for a new house and concerns about
investment without then reaping the savings benefits).

* Viewed a legislated phase-out date for ending the sale of new gas boilers as an inevitable step
towards Net Zero and generally supported these policies, if there was enough support for households
tfo make the switch fo low-carbon technologies accessible and affordable.

¢ Wanted widely accessible grants, agreeing that due to the high upfront costs, grants for heat pumps
and home insulation should not be restricted to low-income households, but available to almost all
households (often exempting the wealthiest households). For mid- to high-income households, these
grants could be tapered or needs-tested based on income and the housing situation. The panel
considered that upfront costs not covered by grants could be met by interest-free loans from the
Government, that would be paid back as households started to make savings.

* Wanted rapid payback periods. When considering their own situation, panel members
predominantly highlighted that grants would have to cover most of the additional costs of heat
pumps and therefore enable a relatively short payback period of upfront investment. The panel was
clear that longer payback periods would not incentivise them to switch due fo uncertainties around
their future financial situation, the price of electricity, and how long they would stay in a house. The
panel was clear that upfront costs are a more important consideration than running costs.

* Showed widespread support for making electricity cheaper, with split views on whether to fund this
though general taxation or fransferring costs onto gas bills. Panel members generally preferred
tfaxation, with a small amount on gas bills, provided those on low incomes were not penalised.

¢ Did not come to a clear consensus on how to fund grants, but voiced a preference for a mix of
increases in general taxation (households would contribute according to theirincome tax level) and
potentially transferring costs onto gas bills which would lead to small increases in the cost of gas if this
would not penadlise low-income households. However, there was a clear preference for the
Government to explore taxes on energy companies as an alternative way to fund grants.

e Supported minimum energy efficiency standards, as long as safeguards were put in place to ensure
that the cost would not be shifted onto renters.
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Box 7.2.2

Why hydrogen will not be used to decarbonise home heating

Hydrogen is not a viable fuel for widespread decarbonisation of home heating, and hydrogen boilers and
hydrogen heat pump hybrids are not included in the Balanced Pathway.

Using hydrogen for home heating would delay direct emissions reduction and significantly increase indirect
emissions from the sector. While heat pump installations can be scaled up immediately, hydrogen will not
be available for widespread uptake over the next decade. Future supplies of low-carbon hydrogen are
constrained, and the required production and distribution infrastructure could not be delivered at scale until
the mid-2030s.

e Supplying hydrogen to all homes which are currently on the gas grid would require roughly three
fimes as much hydrogen as is currently in the pathway by 2050. Meeting this demand using blue
hydrogen would create additional emissions and increase reliance on natural gas imports.

¢ Scaling up low-carbon hydrogen production to meet such demand would be unlikely to commence
until the mid-2030s, delaying decarbonisation of home heating compared to the Balanced Pathway
and putting the UK's emissions reduction targets at risk.

Converting domestic gas supplies to hydrogen would also present a difficult coordination exercise, requiring
a vast programme to enable all homes in particular areas to safely switch from natural gas to hydrogen
simultaneously. Every home within each conversion area would need to be accessible on a specific day, to
modify and safety-check appliances. Public acceptance of this seems unlikely. The resources required for
such a programme could be deployed more beneficially on other aspects of the Net Zero fransition.

7.2.3 Costs, cost savings, and co-impacts

There are substantial capital cost requirements to delivering the Balanced Pathway for residential
buildings (Figure 7.2.5). These costs are driven by the additional capital cost of low-carbon heating
systems, and capital costs peak in 2036, when roll-out of low-carbon heating technologies reaches
the natural replacement rate across all homes.

* Low-carbon heating: a large proportion of the capital costs are a one-off, upfront
investment.

— The upfront costs fall over time as the cost of a new installation gradually declines.
There is potential for innovation in the market to drive these costs down more quickly.

— As low-carbon heating systems become the norm, there is potential that the upfront
costs of this change will be increasingly reflected in relative house prices, providing an
incentive to change systems.

— As the market matures, non-fuel maintenance costs for low-carbon heating systems
are likely to become similar to those of gas boilers.

— In our modelling, the magnitude of the operating costs or savings for a low-carbon
heating installation depends on the specific heating system installed and the ratio of
electricity to gas prices (see Chapter 8).

— There is uncertainty on how heat pump efficiencies may improve in the future, with

improvements leading fo reduced operating costs. Our analysis uses recent evidence
on in-situ performance of heat pumps. 5!

“ Data for efficiencies of heat pumps was primarily taken from the Electrification of Heat demonstrator project run by DESNZ
with Energy Systems Catapult in 2023.
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¢ Energy efficiency: energy demand reduction measures deliver reductions in operating
costs. The installation of energy efficiency measures also contributes to upfront capital costs
in the early years of our pathway.

Energy efficiency measures and low-carbon heating systems have additional social benefits
beyond the operating savings they provide. The co-benefits include reduced reliance on gas
imports (see Section 10.2), reduced household energy bills (see Section 8.3), and improved air
quality. These deliver benefits in relation to energy security, health, and fuel poverty (Box 7.2.3).

Figure 7.2.5 Costs and cost savings in the Balanced Pathway
for residential buildings, compared to the baseline

20

Additional cost (Ebn/yr)
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2025 2030 2035 2040 2045 2050
mmm New builds capex L ow-carbon heating capex
mmm Fnergy efficiency capex gz Residential buildings opex
Net cost

Description: Upfront capital costs are consistently high in residential buildings throughout the Balanced Pathway, compared fo a low
opex saving. Costs peak in 2036, when low-carbon heating is being rolled out at the natural replacement rate. Energy efficiency
contributes to capital costs in the early years.

Source: CCC analysis.

Notes: (1) Capex is additional capital expenditure and opex is additional operating expenditure. Both are additional in-year costs in
2023 prices, relative fo a baseline of no further decarbonisation action. (2) Capital expenditure is incurred when a technology is first
installed, but also when that technology needs replacing at the end of its lifetime. (3) Capex is shown separately for the investment
required to install low-carbon heating and energy efficiency measures in existing homes and for installations in new builds. By contrast,
the opex impacts of these measures are aggregated across all measures in both existing homes and new builds.
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Box 7.2.3

Impacts of the Balanced Pathway on fuel poverty

Households are considered to be in fuel poverty if they spend a high proportion of theirincome on heatfing
bills (precise definitions vary across England, Scotland, Wales, and Northern Ireland). This can be caused by
one or more of: households living in energy inefficient homes, facing high fuel prices, and having low
incomes.

Governments across the UK have varying targets for reducing fuel poverty, for example in England the
Government aims to ensure that as many fuel poor homes as is reasonably practical achieve a minimum
energy efficiency rating of EPC C by 2030.

The transition provides an opportunity to reduce levels of fuel poverty in the UK, as insulating homes and
installing low-carbon heating systems will make homes more energy efficient and we expect electricity
prices to fall as renewables deployment progresses.

¢ Meeting our Balanced Pathway would reduce the number of households in fuel poverty by 77% by
2050 compared to 2025, assuming real incomes remain constant. From 2025 to 2030, this is initially
driven by energy efficiency measures, with fuel poverty levels falling by 11% by 2030. After this, as
households switch to low-carbon heating and electricity prices fall, the number of households in fuel
poverty falls by a further 66% by 2050.

e Across the economy, we expect that meeting our Balanced Pathway will provide at least
£650 million in wider co-benefits from reduced excess cold and dampness (including direct health
impacts of 4,100 quality-adjusted life years (QALYs) per year) by 2040."

e The impact of the Balanced Pathway on energy bill reduction depends on policy choice and will
vary significantly across different household types and over time. We expect removing policy costs
from electricity and the falling costs of renewables to lead to a reduction in energy bills for most
households once they have switched to a heat pump. However, in the short term, if electricity policy
costs are moved onto gas, this would increase energy bills for households with fossil fuel heating
systems, particularly if no further action is taken to support low-income households.

Government schemes such as the Energy Company Obligation have supported households in fuel poverty
to insulate their homes and switch to low-carbon heating. This targeted support can help progress against
both delivering the Balanced Pathway and government fuel poverty targets.

The level of energy efficiency measures in the Balanced Pathway is based on our assessment of a cost-
effective pathway for reducing emissions only. Given other government priorities such as meeting its fuel
poverty targets, the Government may assess that additional action on the energy efficiency of fuel poor
homes is needed.

7.2.4 Key actions required to deliver the Balanced Pathway for residential
buildings

Delivering the Balanced Pathway in residential buildings will depend on growing the market for low-
carbon heating, delivering energy efficiency measures in existing homes, and ensuring that all new
homes are built with low-carbon heating systemes. It is also important to consider opportunities to
reduce the risks of overheating in existing homes, prioritising passive cooling and behaviour
change.®2 All of this requires policy certainty, with a clear, long-term framework of regulation and
financial incentives which provide clarity to homeowners and enable installers to respond. The key
actions required are as follows:

* Make electricity cheaper by removing levies and other policy costs from domestic
electricity bills, to help incentivise consumers to switch to lower-carbon electric options. This
can be achieved by removing policy costs from electricity prices (see Chapter 8) and
decarbonising the electricity system (see Section 7.5).

" This calculation assumes households do not increase their overall heat demand to reflect lower energy prices and higher
levels of energy efficiency, with benefits only accruing due to higher minimum temperatures in winter from higher heat
retention. In practice, some households in fuel poverty may increase their heat demand if bills fall, leading to larger co-
benefits, but smaller bill savings - this is not modelled here.
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— For heat pumps to become an attractive option, they need to offer households savings
on their fuel bills. Evidence from other countries suggests that heat pump uptake can
increase dramatically when they are cheaper to run than gas boilers.

* Confirm that there will be no role for hydrogen in home heating.
¢ Reinstate regulations so that beyond 2035 all heating systems installed are low carbon.

— Existing regulatory frameworks require reform to incentivise take-up of electrified
heating, including reforms to consumer protection, landlord regulations, planning
policies, and Energy Performance Certificates (EPCs).

— New policies may be required which mandate the installation of electrified heating
systems in certain categories of homes at specific times, such as when a heating
system requires replacement, or around the time a home is sold.

e Provide long-term certainty that upfront costs will not present a barrier to the ramp-up in roll-
out of heat pumps, ensuring that the tfransition is affordable and accessible to households.

— Our analysis shows that heat pumps are likely to have higher upfront capital costs for a
considerable period of time. Assistance with these capital costs will therefore continue
to be required to support the development of the market.

— Assistance with capital costs could include government funding, through schemes
such as the Boiler Upgrade Scheme, and discounted private finance schemes such as
green mortgages or zero-interest loans.

* Provide long-term funding for energy efficiency improvements to social housing and
targeted support to ensure that poorly insulated homes are not a barrier to uptake of low-
carbon heating systems for low-income households.

e Putin place requirements on housing developers ensuring no new properties completed
from 2026 are connected to the gas grid. Deliver changes to Building Regulations with
stringent transition arrangements which ensure that, from 2026 at the latest, all new homes
are built with low-carbon heating systems.

¢ Develop and implement an engagement strategy to provide clear information to
households. Steps should be taken to counter misinformation about heat pumps in the
media, and to provide accurate information to households to build trust.

e Provide policy certainty fo support development of supply chains for electrified heating
and support installers to invest in skills and innovation. The Government needs to provide a
long-term policy framework to support growth in the market for electrified heating. This will
give installers the confidence fo invest in increasing capacity, developing skills, and
delivering innovations in technology and business models.

¢ Phase out fossil fuel household appliances and machinery. Alternatives to gas cookers and
petrol or diesel-powered garden machinery are readily available. Induction hobs and
battery lawnmowers are better and more efficient than their fossil fuel equivalents. Fossil fuel
appliances and machinery could be easily phased out by regulations on their sale.
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/.3 Industry

Key messages

Today: industry is currently the third highest-emitting sector in the UK economy. In 2023, industry
accounted for 12% of UK emissions, 51.8 MtCO2e.

CB7 period: by 2040, industry emissions fall by 78% in the Balanced Pathway relative to 2023, with
broadly the same mix of industrial output. Industry will account for 11.2 MtCO2e of UK GHG
emissions and will be the UK’s fifth highest-emitting sector.

By 2050: this sector can almost completely decarbonise, mostly driven by electrification.
Our key messages are:

¢ Industrial decarbonisation presents an opportunity to boost investment in manufacturing
and gain a competitive advantage in low-carbon production. This will need a supportive
policy environment to enable manufacturers to remain globally competitive while
decarbonising and avoid the risk that energy-intensive manufacturers leave the UK.

e Electrification is the main route to decarbonising industry in our pathway, but both carbon
capture and storage (CCS) and hydrogen also have essential roles.

¢ Industrial electricity costs need to be reduced relative to the price of gas to deliver our
Balanced Pathway. Electricity prices relative to international competitors will affect the
competitiveness of UK industry.

¢ The time required to upgrade electricity grid connections must be reduced. Electrification
could decarbonise a wide range of industries both within and beyond industrial clusters,
provided electricity grid connections are upgraded swiftly.

e CCSisimportant for tackling process emissions. It should be targeted at those industrial
subsectors with limited alternatives, in particular cement and lime. The Government should
investigate the potential contribution of carbon capture and use, particularly for industrial
sites with small volumes of process emissions.

e Hydrogen will play a small but important role in subsectors such as ceramics and chemical
production, which may find it hard to electrify.

* Manufacturers must decide soon how to decarbonise and need to understand how their
different options will be incentivised. The Government should set out how it will ensure
appropriate incentives and availability across electricity, hydrogen, and CCS.

7.3.1 Emissions in industry

Emissions in industry were 51.8 MtCO2e in 2023. This is 63% lower than 1990 levels. The subsectors with
the largest contributions to industrial emissions in 2023 were chemicals (8.2 MtCO2¢e) and iron and
steel (8.1 MtCO2e).”

" The figures are based on the UK Government's provisional figures for 2023 emissions. For our modelling, we used a higher
figure for iron and steel in 2023 (9.8 MtCO2¢), which we calculated using UK ETS reporting for 2023. ‘Other industry’, a
miscellaneous category comprising a wide range of manufacturing, emitted 10.1 MtCO2e in 2023.
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¢ The main cause of the reduction in industry emissions since 1990 is the steep decline in UK
production of some of the most emissions-intensive materials. For example, the tonnage of
steel produced fell from 17.8 Mt in 1990 to 5.6 Mt in 2023 and the tonnage of cement fell
from 14.7 Mt to 7.7 M1.5354 In addition, several large chemicals plants have closed since
2020, including both of the UK's ammonia plants, with high gas prices a major factor.%

¢ Since the 1990s, there has been a structural shift in UK industry towards less carbon-intensive
but higher-value industrial output, such as pharmaceuticals and aerospace. Between 1998
and 2022, the gross value added from UK industry grew by 26% in real terms, while the
energy consumption for each unit of output by value fell by 45%.56:57

¢ The closure of one of the UK’s remaining integrated steelworks and the expected closure of
the second will lead to a fall in emissions of at least 8 MtCO2e compared to 2023.%8 The
owners plan to build electric arc furnaces at both sites, which will maintain steel production
in the UK. However, this will lead to thousands of job losses and adverse effects on local
communities. The failure to plan ahead for this change is worrying. It will be important to
develop proactive, long-term plans for other areas that may be adversely impacted by the
Net Zero transition so that alternative sources of good employment can be identified.

7.3.2 The Balanced Pathway for industry

In our Balanced Pathway, industry emissions are projected to fall, relative to 2023 levels, by 78% to
11.2 MtCO2e by 2040 (the middle of the Seventh Carbon Budget period) and to 3.6 MtCO:ze by
2050 (Figure 7.3.1). The key values that underpin this pathway are summarised in Table 7.3.1.

Figure 7.3.1 Industry emissions by subsector - historical (2008 «
2023) and Balanced Pathway (2025-2050)
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Description: Industry emissions have fallen significantly since 2008, with most industrial subsectors contributing to the reduction. In the
Balanced Pathway, emissions fall further to less than 4 MCO2e by 2050. The chemicals subsector accounts for nearly half of residual
industry emissions in 2050.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; CCC analysis.

Notes: Solid colours, to the right of the line, represent our modelled pathway emissions in each subsector from 2025. Pale shades, to the
left of the line, show historical subsector emissions data up to 2023 and then our modelled expectations based on existing frends and
policies for past years for which data are not yet available.
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Table 7.3.1
Key values in the Balanced Pathway for industry

Emissions Emissions in year (MtCO-2e)

Change in emissions since 1990 -69% -78% -85% -92% -97%
Change in emissions since 2023 -14% -39% -59% -78% -93%
Share of total UK emissions 1% 1% 1% 10%

Key drivers - Index of industrial GVA (2023 = 100)* 101 103 108 115 128

quantity

variables Total industrial energy use (TWh) 280 231 211 205 196
Percentage of industrial energy use 30% 36% 47% 61% 73%

supplied by electricity

Industrial heat pump electricity 0 9 16 23 54
demand (TWh)

Percentage of industrial energy use 0% 2% 3% 5% 8%
supplied by hydrogen

Million fonnes of CO2 captured and 0 1.4 4.2 6.7 9.2
stored

Percentage of non-road mobile 3% 33% 56% 74% 97%

machinery not powered by fossil fuels

Key drivers - Industrial heat pump - cost per 680
price variables capacity of thermal output (£/kW)

Source: CCC analysis.
Notes: We have blanked out the share of total UK emissions in 2050 because total UK emissions have reached Net Zero at this point. All
costs are in £2023 real. *\GVA = gross value added. The index of industrial GVA is based on UK Government figures in its Energy and
Emissions Projections. The index does not take account of the effect of the resource efficiency measures in our pathway, which would
reduce overall demand for materials.

Key elements of the Balanced Pathway for industry

The largest share of emissions reduction in the Balanced Pathway for industry is from the
electrification of heat processes. This is complemented by fuel switching to hydrogen, which is a
useful option where cost-effective electrification options are not available. There is also a limited
amount of fuel switching to bioenergy, which we prioritise for subsectors that deploy CCS and as an
interim option for non-road mobile machinery. CCS is important for dealing with industrial process
emissions that cannot be avoided by fuel switching. Resource efficiency and energy efficiency
reduce industrial emissions by reducing demand for materials and energy respectively

(Figure 7.3.2). Abatement solutions vary significantly across industrial subsectors (Box 7.3.1).
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Figure 7.3.2 Sources of abatement in the Balanced Pathway «
for industry
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Description: The largest share of emissions reduction in industry is from electrification. Contributions also come from CCS, hydrogen,
resource efficiency, energy efficiency, and biomass.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; CCC analysis.

Notes: (1) We generally account for emissions reductions due to measures to reduce demand for high-carbon activities (including low-
carbon choices and efficiencies) first, before the impact of low-carbon technologies. (2) The industry baseline is based on the UK
Government’s Energy and Emissions Projections, with an adjustment to remove the effect of efficiency and climate policy. The decline
in baseline emissions to 2032 reflects recent tfrends, while the subsequent rise o 2050 reflects government assumptions about a future
increase in industrial output. Industry also delivers CO2 removals through BECCS (0.8 MtCOze in 2050), but we account for these in our
engineered removals pathway, rather than the industry pathway.

The key measures that combine to reduce emissions in industry are:

Electrification (57% of emissions reduction in 2040). This is the most important measure in the industry
pathway. Industry already uses large amounts of electricity to power machinery and other
equipment. Electrification in our pathway relates to more extensive use of electricity for heat
processes.

e There is growing recognition that electrification of heat should be the main route to
decarbonising industry.>? There are electrical alternatives to most types of fossil fuel-fired
heating equipment used in industry. These technologies include electric boilers, electric
ovens, electric furnaces in the glass subsector, and, most significantly, electric heat pumps
which could produce a large part of industry demand for low-temperature heat. The
potential role of heat pumps in industrial electrification is explained in Box 7.3.2.

e Most of the iron and steel subsector decarbonises in the 2020s through electric arc furnaces,
in line with the public plans of the owners of the two integrated steelworks.

* Electrical heating technologies can bring important advantages such as greater efficiency

and can be safer, quieter, and easier fo control. However, they require retrofitting and
sometimes complex process redesign.
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¢ In the non-road mobile machinery subsector, about half of the abatement is due to the
replacement of diesel equipment with electric alternatives.

¢ The potential of electrification in industry echoes its central role in the decarbonisation of
other sectors such as buildings and surface transport. Achieving the level of industrial
electrification in our pathway will require the installation of new equipment at thousands of
factories across the UK.

Carbon capture and storage (17% of emissions reduction in 2040). This measure is needed for
tackling emissions from industrial subsectors with a high level of process emissions or where
switching from fossil fuels is not practical or cost effective. CCS is deployed in only two industrial
subsectors: chemicals, and cement and lime.

e CCSisassumed to capture both combustion emissions and process emissions. Process
emissions, those unrelated to energy or combustion, comprise 75% of the captured
emissions in the industry pathway. We have assumed the capture rate of CCS technologies
to be 90% until 2040, and 95% from 2041 onwards.

e Achieving the CCS frajectory in our industry pathway relies on the establisnment of CO2
storage locations and rapid construction of pipelines to connect sites. Due to the location
of cement and lime and chemical sites, by 2050 our industry pathway has more than half
(65%) of CCS emissions reduction happening at dispersed sites outside the industrial clusters.

e Globally there are now a handful of industrial CCS projects in operation or under
development.¢0

e There are innovative types of cement whose manufacture reduces process emissions or
avoids them altogether. Such cements conftribute to emissions reduction in the cement
subsector via our resource efficiency measures (see below). With further development, they
may have the potential to play an even greater role and reduce the role of CCS.

¢ Our modelling does not include any options for carbon capture and use (CCU), where
carbon emissions are permanently stored through mineral carbonation. CCU could make a
valuable confribution, particularly in subsectors where the volume of process emissions is
too small to justify a dedicated CCS pipeline.

Hydrogen (7% of emissions reduction in 2040). Most gas-fired industrial processes could in principle
be converted to run on hydrogen. Switching to hydrogen has a meaningful role in four subsectors in
our pathway: chemicals, glass and other minerals, iron and steel, and non-road mobile machinery.

e For many industrial processes, electrification is a better option than hydrogen because of its
greater efficiency and availability. However, there remains a role for hydrogen where
electrification is either impractical or not cost effective. Examples include:

— Manufacture of high-volume ceramics, such as bricks, where there is currently no
commercialised equivalent to a gas-fired tunnel kiln.

— The chemicals subsector, where electric alternatives to some equipment such as steam
crackers are at an early stage of commercialisation and would require a much higher
level of capital investment than converting to hydrogen. However, the optimal
decarbonisation route for many chemicals processes is still uncertain.

Bioenergy (5% of emissions reduction in 2040). Many industrial processes could in principle be
converted to run on bioenergy. We prioritise bioenergy for areas where it brings the most benefit.
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¢ Industry currently uses around 25 TWh of bioenergy. We constrained the future availability of
bioenergy to industry as there are higher priority uses in other sectors for this scarce resource
(see Chapter 10). This constraint means that industry’s use of bioenergy in our pathway falls
from today’s level. Nevertheless, there is some abatement from this source as some
bioenergy is fransferred from subsectors that electrify o those that do not. New policies
may be required to direct bioenergy fo its best uses.

*  We have prioritised bioenergy use for those industrial subsectors that deploy CCS,
particularly cement. Combining bioenergy with CCS (BECCS) delivers CO2 removals - our
industry pathway delivers 0.8 MtCO2e of removals by 2050.

— Most industrial BECCS is in the cement subsector, which decarbonises largely through
CCS but also uses an increasing proportion of bioenergy.

— If this level of BECCS is to be achieved in industry, there would need to be a
reallocation of bioenergy fo those subsectors which deploy CCS.

— We account for the CO2 removals from BECCS in the engineered removals sector (see
Section 7.12), rather than the industry sector.

e Bioenergy in the form of liquid biofuels is important in our pathway as a transition fuel for
non-road mobile machinery. This becomes steadily less important as hydrogen and
electrification replace biofuels, starting in the 2030s.

Resource efficiency (7% of emissions reduction in 2040). Reducing demand for materials can
reduce manufacturing emissions. This can be done by material switching, reducing consumption,
or producing goods with fewer material inpufts.

e  We assume most resource efficiency is achieved through a high level of adoption of a
handful of high-impact measures. We also assume smaller improvements in resource
efficiency from a range of other measures. It is possible that greater abatement could be
achieved through these other measures, but further evidence is required to demonstrate
how this could be delivered.

¢ Resource efficiency provides some abatement in all subsectors except non-road mobile
machinery, but is most impactful in the cement subsector. Resource efficiency reduces
emissions in this subsector by 26% by 2035, through a combination of various measures:
clinker substitution in cement production; refurbishing existing buildings to avoid new builds;
reducing construction waste; reducing over-design; and reusing components.

Energy efficiency (6% of emissions reduction in 2040). Using energy more efficiently reduces
operating costs while cutting emissions.

e Energy efficiency plays at least a small role in all subsectors but is most significant in non-
road mobile machinery. In our pathway, this source of emissions reduction is separate and
additional to the efficiency improvement arising from electrification.

*  Our pathway includes a plausible level of energy efficiency, taking some account of

payback period. It is possible that in some subsectors greater abatement could be
achieved at higher cost and with a high level of policy support.
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Key indicators for industry

The key indicators of the changes required to deliver the Balanced Pathway for industry include
metrics on the consumption of various fuels, fuel prices, and the roll-out of industrial heat pumps
(Figure 7.3.3).

Figure 7.3.3 Key indicators for the industry sector
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Description: The key indicators for industry in the Balanced Pathway show substantial growth in the use of electricity, including industrial
heat pumps. This leads to a more efficient system, requiring less energy per unit GVA. The use of low-carbon hydrogen and CCS both
increase from zero today.

Source: Historical data from DESNZ and ONS; CCC analysis.

Notes: (a) GVA data calculated from UK Government figures on industry GVA in its Energy and Emissions Projections. (c) Hydrogen
refers only to low-carbon hydrogen used as a fuel. (e) Heat pump capacity relates to electricity input: heat output will be higher. (f) The
future price ratio is based on estimates of retail energy prices for manufacturers minus the climate change levy, which is also removed
in historical data. The Balanced Pathway series also deducts the policy costs on electricity from which some energy-intensive
manufacturers are currently exempt. In the analysis for the industry pathway, we use long-run variable costs which have a ratio similar
fo this series. (g) NRMM = non-road mobile machinery. The share of non-fossil fuel stock includes traditional equipment that switches to
biofuels.
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Box 7.3.1

Decarbonisation solutions in the Balanced Pathway for industrial subsectors

The mix of decarbonisation solutfions is expected to differ across industrial subsectors (Figure 7.3.4).

Subsectors with lower-temperature heat demand (food and drink, vehicles, paper, and other industry):
several industrial subsectors have predominantly low-temperature heat demand and few process emissions.
These subsectors are particularly suitable for electric technologies such as heat pumps, electric boilers, and
direct resistance heating. Electrification accounts for 1% of abatement by 2050 for these lower-
temperature subsectors. The remaining 9% is from bioenergy, energy efficiency, and resource efficiency.
Among these subsectors, paper has the slowest pathway due to its need for advanced alternatives able to
match the heat output of combined heat and power plants.

Cement and lime: this subsector differs from other industrial subsectors as its emissions are dominated by
process emissions that cannot be abated by fuel switching. Fuel switching to electricity or hydrogen is also
highly technically challenging for this subsector. For these reasons, this is the industrial subsector most reliant
on CCS, which provides 62% of abatement in 2050. It is also the subsector with the most abatement from
resource efficiency (22%), achieved through clinker substitution in cement and using less concrete in
construction. The remaining abatement is achieved through increasing levels of bioenergy, which also
allows this subsector to deliver 0.7 MtCO2e of CO2 removals once CCS is deployed. This subsector
decarbonises rapidly in the 2030s as CCS pipelines are built to sites beyond the main coastal industrial
clusters. In 2050, there are 0.6 MtCO2e of residual emissions, which represent the portion of emissions that
CCS equipment has failed to capture. If CO2 removals through BECCS are taken into account, the
subsector achieves negative emissions of -0.2 MtCOze by 2050.

Metals:

¢ Iron and steel: in this subsector, the vast majority of abatement in 2050 is delivered through
electrification (96%). This largely reflects the expected replacement of the UK's infegrated steelworks
(one now closed) with electric arc furnaces. There is a small but important role for hydrogen for
downstream steel processes such as rolling and forming. Residual emissions of 0.3 MICO2e remain in
2050 due to the continuing use of some fossil fuels in electric arc furnaces.

* Non-ferrous metals: the UK's non-ferrous metals subsector consists largely of casting, forging, and
recycling operations, rather than primary metal production. These are relatively high-temperature
processes, though often suitable for electric technologies such as induction.

Chemicals: this subsector produces hundreds of products, of which the most significant in tferms of emissions
are pefrochemicals such as ethylene. In our chemicals pathway, abatement in 2050 is delivered by CCS
(47%), electrification (30%), and hydrogen (10%). The variety of chemical products and the subsector’s
decarbonisation options makes it challenging to model. Small changes to assumptions could have large
impacts on the confribution of each abatement type, without any large effect on the overall rate of
decarbonisation. Feedback from industry representatives suggests that, compared to our pathway, they
see a greater role for hydrogen and a smaller one for CCS. Residual emissions in 2050 of 1.6 MtCO2e are
largely ongoing process emissions after electrification.

Glass and other minerals:

* Glass: glass manufacture requires the melting of sand and recycled glass in furnaces that reach up
to 1,600°C. There are already fully electric furnaces capable of making container glass and glass
fibre. Manufacturers of flat glass expect decarbonised furnaces could be hydrogen fueled, with
electric boosting.¢' By 2050, abatement in the glass subsector pathway is mostly delivered by
electrification (54%) and hydrogen (31%). Residual emissions of 0.3 MCOze in 2050 are process
emissions from carbonates.

e Other minerals: ‘'other minerals’ is a varied subsector in which emissions are dominated by ceramic
products such as bricks and tiles. Ceramics typically require firing in kilns and furnaces at 1,000°C and
above. Such equipment is hard to electrify with current technologies, particularly for high-volume
production such as house bricks. Abatement in 2050 is mostly delivered by hydrogen (65%), with
electrification playing a supporting role (20%). Residual emissions of 0.2 MtCO-e in 2050 are process
emissions from the decomposition of clay.

Non-road mobile machinery: this subsector includes a wide range of machinery used in the mining,
construction, ports, and waste sectors. Electrification delivers most abatement (52% in 2050), via both
battery electric and tethered equipment. Electric options are increasingly becoming available, even for
very large equipment.s2 Our pathway selects hydrogen options (22% of abatement in 2050) mostly where
we deemed electric equipment o be impractical, such as large electricity generators and intensively used
machinery. Energy efficiency also delivers important abatement in this subsector (25% in 2050), achieved
through more efficient machines and operational improvements. 43
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Figure 7.3.4 Abatement and residual emissions from industrial «
subsectors in 2050
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Description: CCS contributes the largest share of abatement in chemicals and cement and lime subsectors. Hydrogen has the largest
role in glass and other minerals. Electrification contributes the largest share of abatement in all other subsectors.

Source: CCC analysis.

Notes: (1) Abatement relates to baseline emissions in 2050. Baseline emissions for any subsector could be higher or lower than current
levels. (2) We typically include BECCS in the removals sector but have included it here to show how BECCS contributes to abatement in
industry. The inclusion of BECCS results in negative emissions in cement and lime and slightly lower residual emissions in chemicals.

Box 7.3.2

Industrial heat pumps can play an important role in decarbonising low-temperature industrial heat

Industrial heat pumps are similar to heat pumps used to heat buildings. They can generate several times
more heat energy than they use in electrical energy, with efficiencies between 200% and 700% depending
on their specific application.®* One of their advantages is that they can reuse heat that would otherwise be
wasted in some industrial processes.

¢ Industrial heat pumps are a well-established technology for delivering hot air, water, and steam at
temperatures up to around 100°C. A small but increasing number of industrial heat pumps now
operate above 100°C, including some first-of-a-kind applications with heat outputs from 150°C to
200°C.¢5 Higher temperature applications often involve mechanical vapour recompression, a type of
heat pump that pressurises water vapour to produce steam or hot water.

¢ The Intfernational Energy Agency has said heat pumps could supply 30% of the combined global
heat demand of the paper, chemicals, and food and drink subsectors.¢¢ We have assumed that
heat pumps could supply the lower-temperature (<200°C) heat requirements of these subsectors, as
well as for vehicle manufacture and other industry. Our model often selected heat pumps over other
options due to their greater cost effectiveness. They greatly reduce the total energy demand in the
industry pathway and by 2050 account for a quarter (54 TWh) of the pathway’s energy demand.

* Asheat pump efficiency tends to decline for higher temperature outputs, we have generally
assumed a conservative efficiency of 255%. We have also assumed that higher-temperature heat
pumps become commercially available in the UK between 2028 and by 2030, in line with the
expectations of the International Energy Agency.¢” We applied constraints to the rate of
deployment of industrial heat pumps fo allow fime for supply chains fo develop and installations to
occur.

Notes: Heat pump efficiency based on various sources, including Danish Energy Agency (2022) Technology data for industrial process
heat.
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7.3.3 Costs, cost savings, and co-impacts

Delivering the Balanced Pathway between 2025 and 2050 leads to an increase in sector costs
compared to the baseline. In Section 7.3.4, we recommend policies to reduce the risk that this
additional cost makes UK industry less competitive (see also Section 10.3 on imported emissions).

¢ Electrification and CCS are the biggest drivers of additional capital investment. CCS also
results in additional operating cost costs, while switching to more efficient electric
technologies will lead to operating savings. However, these operating cost savings will not
be achieved if we fail to reduce industrial electricity prices and if the ratio of industrial
electricity to gas prices remains at historical levels.

* Resource and energy efficiency measures reduce material and energy inputs, also leading
fo operating cost savings.

¢ Technology choice. Our pathway suggests that where electrification is an option, it is
generally cheaper than CCS or hydrogen. The latter options should therefore generally be
targeted at areas where electrification is impractical or not cost effective.

Our pathway also offers a range of additional benefits, including potential economic benefits for
UK industry.

e Electrification can offer potential additional business opportunities and system-wide
advantages.

— Greater electrification of industrial heat processes presents an opportunity for
manufacturers to provide more demand management services to the national grid
(Box 7.3.3). This could bring economic benefit to manufacturers and reduce electricity
costs for all consumers. We have not modelled this potential benefit.

— An advantage of a pathway that relies largely on electrification is that all industrial sites
are already connected to the electricity grid. By incentivising electrification, industrial
decarbonisation policy can benefit a wider range of industry than the current
approach focussed on industrial clusters. However, this depends on the timeliness of
grid upgrades (see Box 7.3.4).

— Some electrified heating systems are safer to operate and easier to control and
automate than combustion systems.

e Resource efficiency measures bring benefits beyond emissions reduction, by reducing a
range of environmental impacts associated with material extraction and production.

¢ There is a potential competitive advantage for UK industry in decarbonising early. Domestic
and global demand for high-carbon goods is set to fall, and low-carbon production will be
the only way to stay competitive. Alongside competitive advantages for some subsectors,
there are also risks of offshoring for others, which should be managed.

— To redlise this potential growth, the Government must ensure that manufacturers are
not at a competitive disadvantage with overseas producers and have sufficient
incentives to invest in domestic decarbonisation.

— Recent experience, particularly in the chemicals subsector, shows a real risk of
manufacturers leaving the UK for countries with cheaper energy or greater policy
support. There is also a risk of ‘carbon leakage’, where domestic manufacturing
migrates to countries with fewer restrictions on emissions.
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Figure 7.3.5 Costs and cost savings in the Balanced Pathway «
for industry, compared to the baseline
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Description: The Balanced Pathway for industry leads to a netf increase in cost. Electrification and CCS are the main drivers of additional
capex. More efficient electric technologies lead to sizable opex savings, while CCS and hydrogen lead to additional opex costs.
Source: CCC analysis.

Notes: Capex is additional capital expenditure and opex is additional operating expenditure. Both are additional in-year costs in 2023
prices, relative to a baseline of no further decarbonisation action.

Box 7.3.3

Flexible industrial heat could support a clean energy grid

A highly electrified manufacturing sector could help balance the electricity grid, as some manufacturers
have the potential to vary their usage in response to demand constraints or oversupply. This type of
demand flexibility will become more valuable as the grid incorporates higher levels of variable renewable
energy. It could reduce energy costs for industry and indeed for all electricity consumers (see Section 7.5).

Various electrified industrial processes could provide demand flexibility. One example is batch processes,
such as steelmaking with electric arc furnaces, which can be timed to ease grid constraints.¢® Another is
processes where heat energy can be stored for later use. This is already possible with equipment such as
electric boilers, but there may be far greater potential for thermal energy storage in industry.

* Thermal batteries are an emerging technology that convert electricity into heat stored in a medium,
such as bricks, rock, or carbon. They are intended to use electricity when it is cheap and abundant.
The batteries release heat on demand to run an industrial process, removing the need for fossil fuel
equipment. They can charge at the same time as discharging heat, so can support continuous
processes. Commercially available thermal battery technologies can already support temperatures
up to 750°C. By 2030, it is anticipated that new technologies will be able to deliver higher
temperatures up to 1,800°C.¢7

e Alarge part of the business case for thermal batteries rests on their ability to consume electricity
when it is cheap. Proponents of this fechnology claim it could accelerate the decarbonisation of
large parts of industry while playing an important role in balancing the electricity grid.”®
Unfortunately, we were not able to include this in our analysis as our industry model cannot take
account of dynamic energy pricing.
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7.3.4 Key actions required to deliver the Balanced Pathway for industry

Delivering the Balanced Pathway in industry will depend on the removal of some major barriers. For

many manufacturers, the UK Emissions Trading Scheme (UK ETS) carbon price, at whatever level,
may be insufficient incentive for decarbonisation, especially if they have the option of moving
production overseas. Manufacturers have an urgent need to understand how their different

decarbonisation options will be supported in the long term. Investment decisions made today can

lock in production methods for decades. The key actions that are needed are as follows:

Make electricity cheaper relative to gas. Our industry pathway is unlikely to be delivered
unless this barrier is addressed.

Speed up the grid connection process o ensure businesses do not face barriers to moving
fo electric options (Box 7.3.4). The Government should work with Ofgem, network
companies, and the Nafional Energy System Operator to assess where industrial
electrification could be constrained by grid capacity and develop investment strategies to
remove this constraint.

Set out how government will support businesses to make the transition to low-carbon
production or operation and how UK businesses could decarbonise early and take
advantage of growing global demand for low-carbon goods and services.

Develop business models to support industrial electrification, ensuring businesses are
incentivised to switch to electric technologies. This should play a similar role to existing
business models for hydrogen and CCS in helping speed up early-stage deployment of
electric technologies, complementing the role of the UK ETS in enabling decarbonisation in
industry.

— Long-term certainty about government support for industrial electrification can also
help overcome additional barriers to electrification such as the novelty of many types
of electrical heating equipment, the long lifetime of industrial equipment, the cost of
installation, and the lack of skills and supply chains to design and install.

Maintain support for CCS and hydrogen. Our industry pathway shows that there is a role for
CCS and hydrogen, particularly where electrification is impractical or not cost effective. It
will be important that the Government’s ongoing support for these technologies and their
supporting infrastructure continues.

Strengthen the UK ETS to ensure that its price is sufficient to incentivise decarbonisation. This
could include a higher carbon price floor and/or linkages with the EU ETS.

Streamline planning and permitting for low-carbon technology and infrastructure. Long
processes for planning and permitting are delaying implementation.”!

Set minimum standards for the whole-life carbon impact of products that are at risk of
increasing the UK’s imported emissions. This could include new rules to measure and limit the
embodied carbon of buildings.”273

Infroduce regulations, supported by subsidies if necessary, to drive decarbonisation of non-
road mobile machinery. This could include regulatory measures with proven success in
reducing road fransport emissions.
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Box 7.3.4

Slow grid connection upgrades could delay industrial electrification

For industrial sites to electrify, they will need to connect high-powered equipment to the electricity network.
In many cases this will require a grid connection upgrade. Acquiring such an upgrade can fake several
years, and manufacturers often cite these delays as a principal barrier to electrification.’4

Despite widespread recognition of the problem of connection upgrades, there has been little quantification
of its scale. However, research by the UK Energy Research Centre (UKERC) has begun to address this gap.’>
UKERC compared distribution network operators’ Network Development Plans to industrial electricity
demand in the Committee’s Seventh Carbon Budget Balanced Pathway. Their analysis identified any
potential shortfalls in network capacity in UK regions, as well as at the level of individual industrial sites and
substations. UKERC found that:

e By 2040, without further upgrades, network constraints could affect industrial electrification in all UK
regions and devolved administrations, except North East England and Yorkshire and the Humber.

e Future electricity demand at more than half of industrial sites could be constrained by 2040.

* Dispersed sites and sites with the biggest power requirements are the most likely to be affected.

It is clear that without further action grid connections could present a major barrier to industrial
decarbonisation. More information is needed on the extent of the problem. We therefore welcome the UK
Government's commitment to 'work with Ofgem, network companies and the new National Energy System
Operator (NESO) to understand where investment in grid infrastructure ahead of need may be required to
match expected demand from electrifying sectors such as industrial electrification projects’.”¢

Source: The results have been calculated for the CCC by the UK Energy Research Centre and the University of Leeds based on the method
described in the research paper: Gailani A., Taylor P. (2024) Assessing electricity network capacity requirements for industrial
decarbonisation in Great Britain.

/.4 Agriculture and land use

Key messages

Today: agriculture is currently the fourth highest-emitting sector in the UK economy. In 2022,
agriculture accounted for 11% of UK GHG emissions, 47.7 MtCOze.” Net emissions from land use,
land use change, and forestry (referred to as ‘land use’ from here on) are currently close to zero, at
0.8 MtCOze in 2022.

CB7 period: by 2040, agricultural emissions fall by 39% in the Balanced Pathway, relative to 2022.
Agriculture will account for 27% of UK GHG emissions and will be the UK's second highest-emitting
sector. By this point the land use carbon sink will be growing, furning the land use sector into a small
net sink of 1.9 MtCO2e in 2040.

By 2050: the combined agriculture and land use sectors can reach Net Zero emissions through low-
carbon farming approaches and carbon sequestration from woodland expansion and peatland
restoration.
Our key messages are:

e Farmers and land managers are stewards of the land. They will play a crucial role in

delivering the transition. They need to be sufficiently empowered to make the change,
while also improving the climate resilience of agriculture and the natural environment.

“ Provisional 2023 emissions data are not used as these are not available for GHGs other than CO2, which make up the
majority of emissions in this sector.
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e Farmers diversify their operations and incomes in our Balanced Pathway. While low-carbon
farming practices and machinery reduce agricultural emissions, reaching Net Zero across
the agriculture and land sectors requires a reduction in livestock numbers, particularly cattle
and sheep. This both reduces GHG emissions and releases land, allowing a shift of activity
into woodland creation, peatland restoration, and growing energy crops. Renewable
energy provides a further potential new source of income.

e Policy must protect against risks of carbon leakage from agricultural imports. In the
Balanced Pathway, a reduction in demand for meat and dairy in the UK avoids imports of
these products increasing. Our analysis maintains the self-sufficiency ratio of UK food
consumption met by UK production. Carbon border adjustment mechanisms may also be
needed.

e Early action is vital to release land from agriculture and scale up free planting to deliver the
sequestration potential of new woodlands before 2050. This requires a mix of long-term
government support and developing private sector markets, such as for nature services.

7.4.1 Emissions in agriculture and land use

Combined emissions in the agriculture and land use sectors reached 48.4 MtCOze in 2022. This is
25% lower than 1990, when emissions totalled 64.8 MtCO-e.

Emissions in agriculture

Almost all combined emissions, 47.7 MtCO-ze in 2022, came from agriculture. This is 12% lower than
1990 levels. The sector’s share of UK emissions has risen since 1990 from under 7% to 11% in 2022. The
largest proportion of agriculture emissions is methane directly emitted from livestock.

¢ The reduction in emissions since 1990 has been mainly driven by non-climate polices.
Successive reforms to the Common Agricultural Policy (CAP) in the 1990s and early 2000s
saw livestock numbers fall and hence application of fertiliser on grassland decline. In
addition, EU environmental regulations (for example the Nitrates and Water Framework
Directives) to address non-GHG pollutants required changes in farming practices which also
led to a reduction in GHG emissions.

e Nearly two-thirds (63%) of agricultural emissions (and all agricultural methane emissions) in
2022 were directly emitted from livestock, with 49% from the digestive process (enteric
fermentation) of cattle and sheep and 14% from the management of livestock waste and
manure. Agricultural soils, mainly from the application of organic and chemical fertiliser
onto grassland and cropland, accounted for a further 24%. The remaining 12% was from
energy use for stationary and off-road mobile machinery. These shares have been almost
constant in the last 10 years.

Emissions in the land use sector

Emissions in the land use sector were 0.8 MtCO-ze in 2022. This is 10 MCO-e lower than 1990 levels.
The land use sector represents a combination of land-based sources (including degraded
peatlands, wetlands, and settlements) and sinks of emissions (including forestry and grasslands).
Since 1990, land use sources of emissions have fallen by 25%, while sinks have increased by 20%.

¢ The dominant carbon sink is the forestry subsector, at -19.3 MtCO-ze. The grassland subsector
(representing grasslands on both mineral and organic soils) is a small net sink
of -0.5 MtCOze. Croplands are the main source of emissions (13.6 MICO2e), driven by
degraded peatlands under agriculture. Combined with emissions from wetlands (2.8
MtCOz2e), settlements (3.9 MICO2¢e), and other land use (0.2 MtCOz¢), the sectoris a net
source of emissions.
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¢ Land use emission reduction since 1990 was driven by high rates of tree planting in the last
century, peaking in the 1970s. However, even though the carbon store has increased, this
annual forest sink has since weakened due to the aging profile of forests and woodlands.

¢ Over the last decade, the reduction in land use emissions has plateaued, despite
grasslands switching from a source to a small sink since 2017. This is due to the interaction
between the ageing forest sink and declining planting rates during the 1990s and 2000s
overriding reductions in other areas.’””

7.4.2 The Balanced Pathway for agriculture and land use

The Balanced Pathway for agriculture

In our Balanced Pathway, agriculture emissions are projected to fall, relative to 2022 levels, by 39%
to 29.2 MtCO2e by 2040 (the middle of the Seventh Carbon Budget period) and to 26.4 MtCO2e by
2050 (Figure 7.4.1). The key values that underpin this pathway are summarised in Table 7.4.1.

Figure 7.4.1 Agriculture emissions by subsector - historical m
(2008-2022) and Balanced Pathway (2025-2050)
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Description: Emissions from the four main sources in agriculture have remained broadly unchanged between 2008 and 2022, with the
largest share coming from enteric fermentation. In the Balanced Pathway, emissions fall by nearly half by 2050.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; Scotland'’s Rural College (2025); CCC analysis.

Notes: Solid colours, to the right of the line, represent our modelled pathway emissions in each subsector from 2025. Pale shades, to the
left of the line, show historical subsector emissions data up to 2022 and then our modelled expectations based on existing trends and
policies for past years for which data are not yet available.
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Table 7.4.1
Key values in the Balanced Pathway for agriculture

Emissions Emissions in year (MtCO2e) 47.0 39.2 31.9 29.2 26.4
Change in emissions since 1990 -13% -27% -41% -46% -51%
Change in emissions since 2022 -1% -18% -33% -39% -45%
Share of total UK emissions 1% 13% 17% 27%
Change in average meat -3% -11% -20% -25% -35%
consumption (versus 2019)
Changes in caftle and sheep 6% -8% -22% -27% -38%
Key
. numbers (versus 2023)
drivers -
quc.mhty Change in average crop yield (versus | 0.5% 4% 7% 10% 16%
variables
2022)
Percentage of low-carbon mobile 0% 1% 16% 36% 93%
energy use in the fleet
Farm measures - faster finishing beef 49,100 48,850 48,880 48,880 48,845
Key (opex savings £/1,000 head)*
drivers - '
pmfe Farm measures - grass-legume mix 72,660 72,925 73,465 73,810 74,620
variables

(opex savings £/1,000 hectares)t

Source: Scotland's Rural College (2025); CCC analysis.

Notes: We have blanked out the share of total UK emissions in 2050 because total UK emissions have reached Net Zero at this point. All
costs are in 2023 prices. *Faster finishing beef - reduces the age that beef cattle are slaughtered, thereby reducing the emissions of the
animal. tGrass-legume mix - legumes such as clover fix nitrogen into the soil, thereby reducing the need to apply nitrogen fertiliser, which
reduces nitrous oxide emissions.

The Balanced Pathway for land use

In our Balanced Pathway, the land use sector’s emissions are projected to fall from 0.8 MtCOze in
2022 to -1.9 MtCO2e by 2040 (the middle of the Seventh Carbon Budget period) and

to -29.9 MtCO2e by 2050 (Figure 7.4.2). Land use emissions are slow to fall in the early stages of the
pathway due to the time taken by new woodlands to reach peak rates of sequestration. In the
Balanced Pathway, the sector becomes a net sink in 2038. Sources of emissions fall by 31%, while
the land use sector sink increases by 123% by 2050. The key values that underpin this pathway are
summarised in Table 7.4.2.
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Figure 7.4.2 Land use emissions by subsector - historical
(2008-2022) and Balanced Pathway (2025-2050)
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Description: Net emissions from land use have remained level at just above zero between 2008 and 2022. They represent the net
emissions of sources, dominated by cropland, and sinks, dominated by forestry. In the Balanced Pathway, emissions remain flat until
2038, when the sector moves from a net source to a net sink. The size of the net sink grows quickly in the final years of the pathway.
Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; UK Centre for Ecology and Hydrology (2025); CCC analysis.

Notes: Solid colours, to the right of the line, represent our modelled pathway emissions in each subsector from 2025. Pale shades, to the
left of the line, show historical subsector emissions data up to 2022 and then our modelled expectations based on existing frends and
policies for past years for which data are not yet available.
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Table 7.4.2

Emissions

Key drivers
- peatiand

Key drivers
- woodland

Key drivers
- energy
crops

Key drivers
- land use
transition

Key values in the Balanced Pathway for land use

2025 2030 2035 2040 2050
Emissions in year (MtCOze) 1.0 1.3 1.2 -1.9 -29.9
Change in emissions since 1990 (MtCO-ze) -9.7 -9.4 -9.5 -12.6 -40.6
Change in emissions since 2022 (MtCO2e) +0.3 +0.6 +0.5 -2.6 -30.7
Share of residual UK emissions offset by 7% 9% 1% 17% 58%
land use sinks*
Proportion of upland peat in natural or 30% 37% 48% 60% 79%
rewetted condifion
Proportion of lowland peat in natural or 9% 10% 18% 31% 56%
rewetted condifion
Lowland peat under raised-water level 0% 0% 1% 4% 10%
management
Annual planting rates of new woodland 17 37 56 60 60
(thousand hectares)t
Proportion of UK land under woodland? 13% 13% 15% 16% 19%
Existing broadleaf woodland being 20% 50% 80% 80% 80%
sustainably managed
Annual energy crop planting rates 0 12 29 38 38
(thousand hectares)
Yield improvements (oven-dried tonnes) 12 12 13 14 15
Area of agricultural land converted to 8 47 86 125 204
agroforestry (thousand hectares)t
Length of managed hedgerows (thousand | 420 459 497 536 613
kilometres)
Proportion of UK agricultural land area 0% 2% 6% 10% 19%

required for land-based measures

Source: UK Centre for Ecology and Hydrology (2025); CCC analysis.
Notes: For this sector, we show absolute changes in emissions as opposed to percentage changes because the land use sectoris a
combination of sources and sinks which can vary between positive and negative. *This refers to the proportion of total UK emissions
sources (that is, excluding engineered removals and land use sinks) that are offset by land use sinks. tArea includes area of bare ground
required to be compliant with the UK Forestry Standard. This does not include the areas associated with agroforestry and short-rotation
forestry. fLand under agroforestry tree cover.
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The combined impact of agriculture and land use

Delivering the Balanced Pathway for the agriculture and land use sectors will require a
transformation in UK land use. One that balances the need to reduce emissions while delivering
other important functions of land including food production, settlement growth, and benefits for
the wider environment, nature, and society more generally. Actions guided by policy but delivered
by farmers and land managers will interact across both sectors, such that the scale of emissions
reduction achieved in land use will offset the remaining emissions in agriculture, tfurning the
combined sector from a net source to approximately Net Zero. Immediate policy action is critical
to releasing land early in the pathway for measures such as woodland creation where the time-
period to reach peak sequestration can be decadal (Figure 7.4.3).

Figure 7.4.3 Net emissions in the agriculture and land use «
sectors in the Balanced Pathway
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Description: Emissions associated with the combined agriculture and land use sectors fall steadily throughout the pathway until they
become approximately Net Zero in 2050, due to the rapid increase in land-based sequestration in the 2040s. Agriculture remains a net
source, with emissions plateauing from 2040.

Source: UK Centre for Ecology and Hydrology (2025); CCC analysis.

Key elements of the Balanced Pathway for agriculture and land use

If properly supported by the UK's Governments, meeting Net Zero will provide opportunities for
farmers and land managers to diversify land use and management, while continuing to produce
food. Effective government policy and clear incentives, both public and private, will be required to
deliver this change, which can generate new revenue streams and increase the resilience of
businesses. The key actions to reduce agricultural emissions include the take-up of low-carbon
farming practices and technologies to reduce non-CO2 GHG emissions from crops and livestock,
many of which can deliver productivity improvements, and reducing energy-related emissions from
agricultural machinery. Reducing livestock numbers will support the transition of some land out of
agricultural use to increase land-based sequestration from woodland creation, restoring peatlands,
and planting energy crops. A shift in the average consumption of meat and dairy fowards lower-
carbon foods ensures imports do not increase (Figure 7.4.4).
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Figure 7.4.4 Sources of abatement in the Balanced Pathway «
for agriculture and land use
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Description: The largest share of emissions reduction in agriculture and land use comes from reducing livestock numbers. Significant
contributions also come from actions to decarbonise machinery and restore and rewet peatlands. Woodland creation rapidly
increases its abatement share over the 2040s. Other actions include low-carbon farming practices, agroforestry and hedgerows, and
energy crops.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; UK Centre for Ecology and Hydrology (2025); CCC analysis.

Notes: We generally account for emissions reductions due to measures to reduce demand for high-carbon activities (including low-
carbon choices and efficiencies) first, before the impact of low-carbon technologies.

The key measures that combine to reduce emissions across agriculture and land use are:

Low-carbon farming practices and technologies (35% of emissions reduction in 2040). The take-up
of low-carbon farming practices and technologies combine to reduce emissions from managing
agricultural soils and livestock, and from machinery use.

e Soils and livestock measures (14% of emissions reduction in 2040). The 29 measures that we
have identified include feed additives to inhibit methane in cattle, breeding and livestock
health measures to reduce emissions infensity, and beftter management of animal waste.’8
Many of these measures imply an improvement in productivity, for example, more output
per animal. In our analysis, we assume that for these productivity measures, current output is
maintained, which leads to a corresponding reduction in livestock numbers of around 5%
for cattle and sheep by 2040. Measures to improve soil health, while reducing nitrous oxide
emissions, include the plantfing of crops that can reduce the need for fertiliser use and more
efficient use of nitfrogen.
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e Decarbonising machinery (21% of emissions reduction in 2040). Energy use emissions
decline in line with the fall in livestock numbers and agricultural land area due to the land
release measures cited below. The remaining uses of machinery, to heat and cool
agricultural buildings, decarbonise fully by 2050 through electrification, mirroring
developments in the wider commercial buildings sector (see Section 7.9). Mobile machinery
is electrified except for the larger vehicles, which switch to hydrogen-based options where
battery size may be an issue for electrification. Should technology develop however, then
electrification could be used to decarbonise the whole fleet. Bioenergy used as a
fransitional fuel is phased out completely by 2040.

Reducing livestock numbers (32% of emissions reduction in 2040; 68% of land released by 2040).
Governments should support opportunities to diversify farm businesses and incomes. This will also
release land for woodland creation and other purposes.

* Supply-side measures. The ongoing development of a domestic agricultural policy for each
nation of the UK to replace the EU’s CAP will significantly reduce the level of public subsidy
payable for maintaining land in agriculture. With appropriate government support and
financial incentives such as the Environmental Land Management scheme in England, and
its equivalents in the devolved administrations, farmers and land managers could look to
diversify their income streams beyond agricultural production.

¢ Shift to lower-carbon foods. Average meat consumption declines by 25% by 2040 and 35%
by 2050 compared to 2019 levels, with a steeper reduction in red meat consumption (40%
by 2050) to reflect the higher carbon intensity of ruminant livestock. This pathway is informed
by the observed downwards trend in recent years and the health benefits of reducing red
meat consumption.”? Average dairy consumption reduces by 20% by 2035 which is
maintained to 2040 and 2050.

— The Balanced Pathway requires going beyond the existing UK long-term trend, which
shows a gradual reduction in meat consumption. In recent years, meat purchases
have fallen more steeply, with a 10% fall in overall meat consumption between 2020
and 2022. This represents a faster rate of decline than in the Balanced Pathway.0 It is
too early to tell whether this steeper-than-projected trend will continue in the long term
or is a temporary response to the cost-of-living crisis, which saw an 11% decrease in
overall food purchases by weight between 2020 and 2022.8!

— In our pathway, meat products will be mainly replaced by existing alternative protein
products (for example, plant-based burgers), some plant-based whole foods and, in
the later years, novel alternative proteins.” Novel alternative proteins use technologies
such as precision fermentation to create products with similar taste and texture to
meat. See Chapter 8 for more details on household choices and Box 7.4.1 for a
summary of diet-related findings from the Committee’s citizens’ panel.

¢ Asaresult of the above measures, the Balanced Pathway sees an acceleration in the
reduction of livestock numbers and release of land from agricultural use.

— Between 2012 and 2022, livestock numbers remained broadly unchanged for sheep
and cattle, rising by 2%.82 The Balanced Pathway requires a reduction of 27% in cattle
and sheep numbers between 2023 and 2040.

— This reduction is similar to that seen between 1990 and 2010, when numbers fell by just

over one-quarter, largely in response to CAP reform.23 Over the same period, grassland
area fell by 5%, which indicates a decrease in stocking densities.

" Whole foods refer to foods that have not been processed, including legumes, pulses, and grains.
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Other land-release measures (2% of emissions reduction in 2040; 32% of land released by 2040). In
addition to reducing livestock numbers, four further measures release land out of agricultural
production. All but one have a corresponding impact on agricultural emissions.

* Food waste (12% of land released by 2040). Food waste falls by 39% from farm to household
by 2030 compared to 2021, and by 45% by 2040."

e Livestock stocking density (12% of land released by 2040). Stocking rates on lowland
grasslands increase by 10% by 2050, to accommodate the destocking of livestock from
uplands and underutilisation of some grasslands. This measure does not reduce livestock
numbers or agricultural emissions.

* Crop yield improvements (7% of land released by 2040). Sustainable crop yield
improvements through better agronomic practices and crop breeding enable the same
level of production with less land and inputs.

* Shifting horticultural production to indoor systems (0.2% of land released by 2040). 10% of
horticultural products are moved to indoor systems by 2050. Reductions in nifrous oxide
emissions are small due to the small land footprint of horticultural production. Focussing the
shift on products grown on lowland peat, the most carbon intensive per hectare of land,
would deliver higher emissions savings relating to soil carbon.

Peatland restoration and management (17% of emissions reduction in 2040)." Functioning
peatlands in good ecological condition can accumulate carbon over many millennia, but
drainage and disturbance can cause these stocks to be released. Peatlands were a net source of
emissions (15 MtCO2e) in 2022. While ambitious levels of restoration and water-level management
of degraded peatland soils reduce emissions, peatlands continue to be a net source throughout
the Balanced Pathway due to their continued agricultural use.84

¢ Restoration of upland peatlands and forested peats (5%). Upland peatlands (mostly
conisisting of blanket bog) represent the largest peat resource by land area in the UK,
totalling around 2.5 million hectares. In the Balanced Pathway, the total restored or near-
natural area rises from the current 30% to 60% by 2040, with annual rewetting rates reaching
45,000 hectares between 2030 and 2050.

¢ Restoration and management of lowland peatlands (12%). Lowland peatland soils occupy
a smaller area (0.4 million hectares) than upland peatiands but are more emissions infensive
due to their deep drainage and infensive use in agriculture. They encompass a wide range
of land uses including fen habitats, cropland, grassland, and extraction sites.

- In the Balanced Pathway, the total restored or near-natural area of lowland peatiand
rises from the current 9% to reach 31% by 2040.

" This level of reduction by 2030 is consistent with the UN Sustainable Development Goal 12.3, which has been adopted by
WRAP and Defra.

" To align with the UK GHG inventory, our peatland modelling aligns with areas as reported in the inventory, which are based
on rewetting. In the absence of accurate, UK-level reporting of annual peatland restoration rates, this acts as a proxy for
restoration. However, a wider suite of restoration measures alongside rewetting, such as establishment of vegetation,
stabilisation, and grazing management, are required for peatlands to be resilient.
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— Lowland peatlands represent an important agricultural and horticultural resource.
Actions such as paludiculture and water level management (continuous and dynamic)
support continued activity, with reduced emissions, on 4% of lowland peatlands by
2040, rising to 10% by 2050."

Woodland creation and management (4% of emissions reduction in 2040, rising to 15% by 2050). In
the Balanced Pathway, planting new diverse woodlands increases UK woodland cover area from
the current 13% to 16% by 2040 and 19% by 2050."

* The pathway assumes a mix of broadleaf (65%) and conifer (35%) new woodland to avoid
non-resilient monocultures and to deliver wider benefits, with 15% of the total area used as
open ground to increase biodiversity in the landscape.* Trees are only planted on mineral
soils, with organo-mineral and organic soils excluded to protect biodiverse habitats and
minimise soil carbon loss from planting disturbance.

e Sustainable management of existing broadleaf woodland rises from the current 20% to 80%
by 2035. We assume that all conifer woodlands are currently managed.

Energy crops (7% of emissions reduction in 2040). An appropriately sited, sustainable UK supply of
bioenergy is important in contributing to Net Zero by displacing fossil fuels and removing CO2 from
the atmosphere when combined with CCS technology. In our pathway, domestic energy crops
provide savings in the engineered removals sector of 3 MICO2e in 2040, and 10 MtCO2e in 2050
(see Section 7.12). The net carbon benefits retained on site in vegetation and soils following
harvesting of these crops are counted in the land use sector.

¢ The Balanced Pathway includes three perennial crops - miscanthus, short rotation coppice,
and short rotation forestry (SRF). Current areas of planting are negligible (for example,
13,000 hectares of miscanthus and short rotation coppice), while SRF is unknown. >

¢ Land allocated to energy crop planting across the three crop types reaches 0.7 million
hectares by 2050, which equates to almost 3% of UK land area. This uptake aligns to
estimates by the Energy Technologies Institute.8¢

e This pathway represents a transition away from biomass feedstock imports for energy
combustion to using mainly UK supplies via dedicated energy crops and biomass residues
by 2050 (see Section 7.7).

Agroforestry and hedgerows (2% of emissions reduction in 2040). Alongside dedicated new
woodlands, low-density trees and hedgerows can be incorporated into agricultural production
systems, supporting carbon sequestration.

¢ Our modelling assumes there is no current agroforestry activity, with rates rising by
8,000 hectares each year through to 2050. By 2050, 10% of cropland and agricultural
grassland is under agroforestry practices.

¢ The current estimate of hedgerow extent is based on the 2007 Countryside Survey.?’ In the
Balanced Pathway, the extent of hedgerows increases by 40% by 2050, which is 10% higher
than the previous peak reported in 1984,

“ Paludiculture or ‘wet-farming’ is an agricultural approach to peatland management, where crops are grown under a high
water table. Paludiculture is considered a novel production system.

" When wider tree actions (see below) such as agroforestry, short rotation forestry, and small woodlands are considered,
percentage cover rises to 22% by 2050.

i The Balanced Pathway assumes woodland creation is directly planted rather than by natural regeneration.
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For the combined agriculture and land use sectors, Net Zero is achieved mainly through a
combination of reduced agricultural methane emissions and removal and reduction of CO2 from
woodland creation and peatland restoration, respectively. As methane has a relatively short
atmospheric lifetime compared to COz, its contribution to global warming (assessed using GWP*) is
slightly reduced by 2050 compared to today (see Chapter 3, Figure 3.11). The agriculture and land
use sectors therefore have a crucial role in halting further increases in the UK's overall contribution
to global warming.

The novel CO2 removals via enhanced weathering and the application of biochar to soils represent
additional potential sources of CO2 sequestration associated with land use. Emissions reduction due
to these measures in our pathway is counted in the engineered removals sector (see Section 7.12).

Key indicators for agriculture and land use

The key indicators of the changes required to deliver the Balanced Pathway for agriculture and
land use include metrics on livestock numbers, meat and dairy consumption, woodland cover, the
proportion of peatland in natural or rewetted condition, and the planting of energy crops

(Figure 7.4.5).

Figure 7.4.5 Key indicators for the agriculture and land use «
sectors
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Description: The key indicators for agriculture and land use in the Balanced Pathway show a decrease in livestock numbers, driven by
changes in the consumption of meat and dairy. This is initially rapid, before slowing from 2035 onwards. This in turn facilitates an
upscaling in land use change measures, including an increase in woodland cover, rewetted peatlands, and the area of energy crops.
Source: Historical data from Forest Research and Defra; CCC analysis.

Notes: (a) Livestock numbers at the start of the pathway are higher than the most recent historical year due to the increase in sheep
numbers in the baseline from 2022. (b and ¢) Consumption of meat and dairy atf the start of the pathway is aligned to the existing UK
long-term frend. This means it is above the most recent historical years (2021 and 2022) where levels fell more steeply, but it is foo early
to tell whether these reductions will continue in the long term or are just a temporary reaction to the cost-of-living crisis. (d) Historical
woodland area is based on the September 2024 Woodland Statistics release. Our modelling is underpinned by the 2021 estimates of
woodland area, which were lower than the most recent historical data. (e) The Balanced Pathway peatland proportions are based on
the annual rewetting area, as reported in the UK GHG inventory.
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Box 7.4.1

Findings from the citizens’ panel on a reduction in meat and dairy consumption

The Committee convened a citizens' panel to explore what an accessible and affordable vision of Net Zero
looks like for households (see Chapter 8 for further details). Among other topics, the panel explored how an
average 35% and 20% shift away from meat and dairy consumption respectively by 2050 towards lower
carbon foods could be achieved in a way that is accessible and affordable for all households.

The panel discussed a range of policy options to reduce meat and dairy consumption, including
information-based policies (for example information campaigns or food labels), changes to the choice
environment (for example increased availability of plant-based food and replacing a small amount of meat
in pre-prepared meals with other ingredients), relative pricing policies, and supporting novel alternative
proteins. Panel members:

¢ Generally accepted the need for changes in diet. However, what was considered possible and
acceptable varied a lot by person (some members thought changes would be very easy and
beneficial, while others thought they would be very hard).

*  Wanted the public to understand the emissions impact of different foods. Panel members expressed
surprise about the emissions impact of different foods. There was consensus that government
proactively providing this information to the public was a key element of supporting a shift towards
lower-carbon foods.

e Expressed a clear preference for a shift towards healthier, home-cooked options and saw education
around plant-based meal preparation as another way to support this shift.

e Agreed the price of plant-based alternatives needs to be reduced to make these more attractive
options. Throughout, they were concerned about the affordability of any alternatives for low-income
families.

* Were concerned about negative impacts on UK farmers and wanted to ensure complementary
policies existed to ensure farmers are supported.

e Agreed that there needs to be a variety of meat and dairy alternatives. They expressed unease in
relation to new technologies such as precision fermentation and lab cultivation, but thought
government could still support these to ensure a larger variety of alternatives. Some panel members
reported trying existing alternatives (for example plant-based burgers) for the first time as a result of
the panel.

* Generally saw replacing a small amount of meat in pre-prepared meals with other ingredients as an
acceptable option, if necessary, but some members expressed concern about the potential impact
on taste and low-income households.

7.4.3 Representation of nature in the Balanced Pathway

The Balanced Pathway represents a national fransition, fransforming land use across the UK o
expand measures which sequester carbon and reduce emissions. The effectiveness of these
measures is highly dependent on where they are in the landscape. When planning delivery, land
use change measures should be placed in appropriate locations and consideration given to future
climate change to build resilience and mitigate the risk of uninfended consequences. We set out
the principles of a resilient land use fransition to mitigate this risk in Section 5.3, Box 5.1.

Measures in the Balanced Pathway can deliver emission reduction and carbon sequestration
alongside benefits for nature by expanding healthy, resilient ecosystems. Existing natural habitats
represent important sites for biodiversity and hold large carbon stocks that may have taken
centuries to millennia to form.s8 Their protection is vital fo avoid carbon loss which would undermine
efforts elsewhere to create and expand new habitats.

e Peatlands provide significant benefits alongside their ability fo hold vast stocks of carbon.
They provide habitat for a unique assemblage of plants and animals. Their rewetting and
restoration can help regulate water availability and quality across catchments, and is an
important aspect of the historic landscape, particularly in the uplands.
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*  When sited appropriately and using suitable species, new woodlands provide a range of
wider benefits such as for biodiversity, which itself enhances the resilience of the
woodlands, alongside adaptation benefits such as flood and heat alleviation.” Careful
adaptive management of woodlands, alongside other ecosystems is important to build
resilience in the face of climate change, pests, and diseases, and improves productivity in
terms of carbon capture and timber quality.8?

Incorporating measures into the farmed landscape can deliver a range of ecosystem services,
supporting farmers and land managers to adapt to future climate change and supporting a more
resilient agricultural system.

¢ More efficient fertiliser use supports improvements in water quality, and in turn the
ecosystem health of aquatic systems. This in furn can reduce coastal pollution and support
resilience of coastal ecosystems, which store carbon, as well as helping to protect coastal
communities and infrastructure from flooding and storms.

e Agroforestry and hedgerows can be incorporated on farms, supporting carbon
sequestration alongside continued production. This can support improved water quality
from reduced run-off into water courses, enhanced soil health and increased livestock
welfare, as well as enhancing biodiversity and hence resilience. Perennial energy crops can
help farmers to diversify production and enhance degraded agricultural soils.

¢ Alongside the restoration of peatiands, our advice also incorporates their sustainable
management under continued food production in lowland settings. Incorporating a mosaic
of measures including water level management, paludiculture, and restoration into farmed
systems will build resilience across these landscapes, underpinning benefits for climate,
biodiversity, water, food, and livelihoods.

Our measures represent a subset of land-based actions that can deliver for people, climate, and
nature. Here we address additional measures that could support further emissions reduction and
help nature, though challenges remain regarding quantifying their potential impact.

¢ Therecovery of natural ecosystems at scale will encompass a spectrum of approaches that
re-establish ecological processes. Rather than being driven by defined outcomes, it instead
recognises the inherent value of nature and wild spaces. Relevant actions, such as
woodland creation and peatland restoration, are embedded in the Balanced Pathway.
However, there remain evidence gaps in the carbon fransition of the full suite of habitats
(for example for scrub, heath, and species-rich grasslands) that would comprise this method
of ecosystem restoration.?0

¢ Natural regeneration is the establishment of trees and vegetation via in-situ seed dispersal
rather than by active planting. This approach has significant potential to build carbon via
the expansion of frees and scrub across landscapes.”! However, more information is
required on the spatial and temporal variability of natural regeneration before it can be
incorporated info emission pathways.

" When selecting species, consideration should be given to future climate change. This may mean choosing species local to
the region or identifying suitable sub-species that can impart resilience to drought and warmer temperatures. Invasive
species should be avoided.
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Agroecology incorporates a number of ecological and sustainable principles into farming
systems. Measures in the Balanced Pathway such as agroforestry, cover crops, and
incorporation of legumes score highly on these principles. Further work is required o
quantify the impact a transition to agroecological systems at scale would have on
greenhouse gas emissions, carbon stocks, and productivity. However, evidence suggests
such approaches can enhance biodiversity, improve air and water quality, build soil health,
and promote resilience at the farm-scale.”2

Blue carbon is carbon held in marine and coastal vegetation and sediments, which can be
managed to contribute to emissions reduction. Though not currently represented in the UK
GHG inventory, analysis suggests its contribution to carbon sequestration would be relatively
small. However, restoration of coastal habitats would deliver significant benefits for flood
risk, water quality, biodiversity, fisheries, and resilience of coastal communities.??

7.4.4 Costs, cost savings, and co-impacts

Delivering the Balanced Pathway for agriculture and land use results in a net cost fo the economy
compared to the baseline (Figure 7.4.6). Costs are driven by decarbonising machinery, low-carbon
farming measures, and woodland creation. Governments will need to provide support and
incentives to enable farmers and land managers to take the actions required. Our analysis
indicates that if farmers and land managers are sufficiently rewarded to deliver social and
ecological benefits, this could offset any loss in agricultural income from diversifying land use and
management (Box 7.4.2; Figure 7.4.7; see Chapter 9).74

Low-carbon machinery: this has high capital costs, especially power-intensive mobile
machinery (over 78 kW) switching to hydrogen options after 2030. This also leads to
additional operating costs. The best technology choice remains uncertain, and less power-
intensive machinery (below 78 kW) is expected to almost entirely electrify. Electrification of
heating and cooling machinery delivers operating cost savings.

Low-carbon farming measures: there are capital costs associated with some on-farm
measures, but there are also savings through productivity improvements (for example
livestock yield increases) and reduced costs of inputs (for example measures that reduce
use of fertiliser).

Woodland creation: this includes the costs of the trees themselves, their establishment, and
the associated infrastructure such as fencing.

Peatland restoration: costs of peatland restoration remain highly uncertain, despite
improvements in costing data. Peatland restoration may be biased towards easier to
restore sites earlier in the pathway, with complex, costlier restoration projects left fill later.

— The restoration and water level management of lowland sites, where differences in
topography and need for water level management infrastructure and technology will
be highly site specific, still requires research and development.

— While costs are based on existing management projects, the costs presented here are
likely to be an underestimate.

Changes in land use: these do not appear directly in our costing analysis. Sales of land
taken out of agricultural use are offset by purchases for alternative uses.

Many measures setf out in the Balanced Pathway can deliver a range of benefits for health and
wellbeing while also improving the climate resilience of agriculture.
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¢ Headlth and wellbeing: a reduction in average meat consumption (particularly in red and
processed meat) has the potential to bring health benefits, though the extent of health
benefits will depend on what types of meat are replaced and what they are replaced with.

— The mix of substitution applied in the Balanced Pathway (which relies more heavily on
alternative proteins than legumes and pulses) would, on average, have a health
benefit, and reduce deaths from colon and rectum cancer, ischaemic heart disease,
and type 2 diabetes.?5:76

— Negative nutritional impacts of a reduction in meat consumption only occur where a
diet is unbalanced and meat products are not substituted at all, or meat products are
substituted by very low-value nutrition food. Negative nutrition impacts can be
avoided by choosing from a large variety of substitution options that improve the
nutritional intfake.?7:98

— Changes to diefs are expected to have minimal impacts on household food costs in
the short ferm and lead to slight reductions in food costs in the longer term as
alternative proteins develop that are cheaper to buy than meat and dairy.

— Visiting woodlands and being out in nature is associated with mental and physical
health benefits. The adoption of some low-carbon farming practices and increased
woodland cover particularly near urban areas can improve air quality.

¢ Resilience of agricultural production: in addition to supporting agricultural productivity, our
pathway can also improve the resilience of the farmed landscape to the impact of climate
change (for example, shelter for grazing livestock from hedges and improvements to soil
structure and drainage from cover crops). While we have not estimated the avoided losses
fo crops and livestock that these measures could deliver, this will be considered as part of
our advice on the Fourth Climate Change Risk Assessment (CCRA4), to be published in
2026.

e Jobs: changes in land use will see increases in employment in some activities, in particular
woodland creation, energy crops, and peatland restoration, substituting for a reduction in
employment in livestock agriculture. Patterns at farm level will depend on the extent to
which farmers diversify income streams or leave or change jobs altogether, including
retirements.
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Figure 7.4.6 Costs and cost savings in the Balanced Pathway '«
for agriculture and land use, compared to the baseline
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Description: Costs in land use and agriculture are dominated by the capital expenditure associated with the reduction of emissions in
agricultural machinery. Land-based actions represent an overall net cost, while reducing operating costs in low-carbon machinery and
low-carbon farming measures are cost saving over the course of the pathway.
Source: CCC analysis.
Notes: Capex is additional capital expenditure and opex is additional operating expenditure. Both are additional in-year costs in 2023
prices, relative to a baseline of no further decarbonisation action.

202 The Seventh Carbon Budget




Box 7.4.2

CCC rural land use archetypes project

The aim of this project was to quantify the impact of diversifying land use for 12 representative baseline rural
land use ‘archetypes’ in England, Scotland, Wales, and Northern Ireland, covering 46% of UK land area. The
project considered how diversifying land use beyond agricultural production could deliver a range of other
benefits for adaptation and the wider environment, in addition fo reducing emissions. The private and social
benefits of each fransition estimated for 2035 and 2050 were compared against the respective baseline
(where no transition occurs) of each archetype to understand the extent to which any decline in farming
income could be offset by payments for non-food production activities.

The transitions focused on changes in land use and management consistent with our Balanced Pathway
(for example woodland creation, energy crop planting, peat restoration) to deliver emissions reductions
and contribute to climate resilience, maintenance of food production, increased biodiversity, and other co-
impacts. For some archetypes, we also included the installation of solar photovoltaics (PV), which can
generate an income for the farmer, although the emissions savings are captured elsewhere in the
economy.

For all fransitions, the farming income related to agricultural production decreases due fo the fall in
agricultural activity, but this was more than offset by the combined increase in income from non-farming
activities (for example, energy crops and renewables, such as solar photovoltaics) and non-market
improvements to the environment (for example, reducing emissions and improving water and air quality).
The latter assumes that farmers receive payments for delivering these social benefits. Across the transitions,
and after allowing for costs, the uplift in total net benefits (private and social) compared to the baseline by
2050 typically ranged from £500 to £1,500/hectare. This supports the case for appropriate incentives and
rewards to be put in place to help those farmers and land managers that would like to make the change.

Figure 7.4.7 shows the results for one particular archetype (Archetype 3: intensive grassland dominated,
area equally split between south-west England and Wales, with 1% of woodland cover) undergoing two
different types of transition by 2050:

e Transition one focuses on productive conifer planting, hedgerows and agroforestry.

e Transition two focuses on higher ambition for agroforestry, hedgerow creation, restoration of natural
habitats, energy crop planting and ground-mounted solar installation. No woodland creation.

Compared fo the baseline, both transitions provide a net increase in private and social benefits, equivalent
to £700/hectare and £630/hectare for fransition one and transition two, respectively by 2050. Farming
income declines due to the fall in livestock numbers under both transitions. However, under transition one,
this is more than offset by the monetised payment for the delivery of social benefits, due mainly fo emissions
savings and air quality improvements from woodland creation. Under transition two, the increase in private
benefits that is not food related (i.e. revenue from energy crops and renewables) provides an additional
source of income.

Source: UK Centre for Ecology and Hydrology, Eunomia, and University of East Anglia (2024) UK rural land use archetypes, part 2.
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Figure 7.4.7 Costs and benefits of transitioning an intensive m
grassland archetype (2050)
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Description: Compared to the baseline, the two fransitions of an intensive grassland archetype (which entails a reduction in livestock
numbers) towards land-based measures consistent with our Balanced Pathway will see an overall increase in net private and social
benefits in 2050.

Source: UK Centre for Ecology and Hydrology, Eunomia, and CCC analysis.

Notes: (1) Costs are in 2023 prices. (2) Transition one focuses on a mix of land sparing (woodland creation) and land sharing (hedge
creation, agroforestry) measures, while transition two focuses on land sharing measures combined with energy crop planting and
installation of renewables. (3) Bars below the x-axis represent the costs, both the private costs to the farmer (from agricultural
production) and fo society (due to GHG emissions for example). (4) The bars above the x-axis are the benefits, both to the farmer
(private income from farming and non-farming (for example, renewables)) and the net benefits to society from reducing emissions and
improving the environment (for example, improving water quality).

7.4.5 Key actions required to deliver the Balanced Pathway for agriculture
and land use

Delivering the Balanced Pathway in agriculture and land use will depend on a combination of
effective government policy addressing both financial and non-financial barriers and attracting
private sector investment. Our advice comes at a fime of significant uncertainty in the policy
landscape, with domestic agricultural and land use policy for each country of the UK yet to be fully
developed. The Governments of the UK should clarify this as a matter of urgency. The key actions
that are needed are as follows:

¢ Publish a land use framework that sets out how land can deliver multiple functions,
including for climate mitigation and adaptation, sustainable food production, biodiversity,
and wider environmental goals. Consideration should be given to the possible impact to
rural culture and heritage, including the UK's indigenous languages and dialects, which
may have strongholds in farming communities.?

* Provide incentives and address barriers for farmers and land managers to diversify land use

and management info woodland creation, peatland restoration, bioenergy crops, and
renewable energy.
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¢ Provide long-term certainty on public funding for farming practices and technologies which
reduce emissions from managing crops and livestock. As part of this, ensure low-regret and
low-cost measures are taken up through regulations or minimum requirements in agricultural
support mechanisms, especially when they can deliver efficiency improvements. The
opportunities and impact to farmers will vary across the UK and government financial
support will be required to ensure appropriate incentives and rewards are available (see
Section 4.3).

* Enable a shift in average meat and dairy consumption in the UK towards lower carbon
foods. The most promising levers include replacing a small amount (for example,15%) of
meat and dairy content in pre-prepared meals with plant whole foods or alternative
proteins; increasing choice and availability of lower carbon foods in public procurement,
restaurant, and supermarket settings; and supporting more novel alternative proteins with
improved taste and texture.

* Protect against the risks of carbon leakage from trade in agricultural products. This could be
achieved with a carbon border adjustment mechanism.

/.5 Electricity supply

Key messages

Today: electricity supply is currently the fifth highest-emitting sector in the UK economy.” In 2023,
electricity supply accounted for 9% of UK emissions, 37.8 MiCOze.

CB7 period: by 2040, electricity supply emissions fall by 88% in the Balanced Pathway, relative to
2023. Electricity supply will account for 4.6 MtCO2e of UK GHG emissions and will be the UK's ninth
highest-emitting sector.

By 2050: this sector can almost completely decarbonise, with any residual emissions only coming
from the small proportion of CO2 emissions not captured at gas carbon capture and storage plants.

Our key messages are:

e Emissions from electricity supply have fallen by 81% since 1990. The maijority of this reduction
has happened since 2012, reflecting the phase-out of coal and an increase in low-carbon
generation.

¢ Demand for electricity will increase, especially during the 2030s, driven by the switch to
electric vehicles, heat pumps, and other electric technologies. By 2050, annual electricity
demand could be more than double 2023 levels.

e Reliable, low-cost, and low-carbon electricity can be delivered while coping with
potfentially long periods of low wind. Offshore wind forms the backbone of the future
system. Storable energy, smart demand flexibility, and interconnection all help maintain
security of supply, in much the same way as in the current electricity system.

e Electricity networks will need to expand to enable consumers to benefit from reliable, low-

cost, and low-carbon electricity. Investment in advance of increases in demand is essential
to ensure the network is an enabler and not a barrier to the transition.

* Our electricity supply sector comprises electricity generation, storage, and networks.
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Government and relevant authorities should reform key processes and rules - including in
planning, consenting, and regulatory funding - fo enable rapid expansion of the country’s
energy infrastructure and clear, consistent resolution of tensions between low cost of
infrastructure and sensitivity to local conditions.

This section builds on the analysis published in our 2023 report Delivering a reliable decarbonised
power system.

7.5.1 Emissions in electricity supply

Emissions in electricity supply were 37.8 MICO2e in 2023. Between 1990 and 2023, the emissions
intensity of electricity supply fell by 79%, from 631 gCO2e/kWh to 131 gCO2e/kWh, and electricity
demand fell by 4% from 284 TWh to 274 TWh.

The share of generation from wind and solar has rapidly increased from 3% in 2010 to 34% in
2023, displacing generation from coal and gas.

The share of UK electricity generation from coal fell from 65% in 1990 to 1% in 2023. In
September 2024, Ratcliffe-on-Soar, the last operational coal power plant in the UK, was

closed.

The remaining emissions in the electricity supply sector are largely from unabated gas use,
which accounted for 30% of UK generation in 2023.

Demand for electricity has been falling by around 1% per year since the peak in 2005.

7.5.2 The Balanced Pathway for electricity supply

In our Balanced Pathway, electricity supply emissions are projected to fall, relative to 2023 levels, by
88% to 4.6 MtCO2e by 2040 (the middle of the Seventh Carbon Budget period) and to 1.0 MICO2e
by 2050 (Figure 7.5.1). The key values that underpin this pathway are summarised in Table 7.5.1.

Emissions in electricity supply are influenced by the weather. To account for this variability, we base
the Balanced Pathway on an average weather year but also test uncertainties for more extreme
conditfions (see Box 7.5.1).
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Figure 7.5.1 Electricity supply emissions - historical (2008-2023)
and Balanced Pathway (2025-2050)
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Description: Electricity supply emissions have fallen significantly since 2008. In the Balanced Pathway, emissions continue fo fall,
reaching close to zero by 2050.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics: 1990 to 2022; CCC and AFRY analysis.

Notes: (1) The pathway is modelled using historical data up to 2023. Emissions reductions in the Balanced Pathway prior to 2025 (shown
in a pale shade in this chart) are based largely on existing trends; additional decarbonisation measures only begin to be applied in our
modelling from 2025 (indicated in this chart with a vertical line). (2) Emissions associated with energy from waste are accounted forin
the waste sector. Emissions associated with combined heat and power are accounted for in the industry and fuel supply sectors.

(3) Projected emissions are based on an average weather year (see Box 7.5.1).
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Table 7.5.1
Key values in the Balanced Pathway for electricity supply

Emissions Emissions in year (MtCO2e)*

Change in emissions since 1990 -84% -95% -97% -98% -100%
Change in emissions since 2023 -14% -74% -85% -88% -97%
Share of total UK emissions 8% 3% 3% 4%

LGC N Gross annual electricity demand (TWh) 279 333 444 562 692

- quantity

variables Offshore wind capacity (GW) 17 46 70 88 125
Onshore wind capacity (GW) 16 26 29 32 37
Solar PV capacity (GW) 20 38 70 82 106
Low-carbon dispatchable capacity (GW)t | O 3 8 15 38
Battery storage capacity (GW / GWh) 7/10 17/28 | 21/54 | 26/82 | 35/139

Medium-duration storage capacity (excl. 3/24 4/174 | 6 /312 | 7/419 | 7 /433
hydrogen storage) (GW / GWh)#

Unabated gas share of generation (%)$ 29+3 7%2 31 2+1 0

LGC T Offshore wind levelised cost (£/MWh) 51 38 38 35 31

- price

variables Solar PV levelised cost (£/MWh) 46 34 30 29 27
Low-carbon dispatchable levelised cost 163-218| 147-188| 161-191| 165-194
(£/MWh)#

Source: CCC and AFRY analysis.

Notes: We have blanked out the share of total UK emissions in 2050 because total UK emissions have reached Net Zero at this point. All
costs are in 2023 prices. *Emissions and the share of generation from unabated gas are based on an average weather year (see Box
7.5.1). Emissions associated with energy from waste are accounted for in the waste sector. Emissions associated with combined heat and
power are accounted for in the industry and fuel supply sectors. tLow-carbon dispatchable capacity refers to generation from hydrogen
and gas with carbon capture and storage. tStorable fuels provide a significant proportion of medium- and long-term storage needs.
Hydrogen storage capacities are presented in Section 7.7. §The unabated gas share of generation reflects the impact of uncertainty due
to weather variation. #The price variable for low-carbon dispatchable capacity is highly dependent on fuel costs, carbon costs, and load
factors - values in this table present the range of costs across gas with carbon capture and storage and hydrogen generation
technologies, reflecting uncertainty in their relative long-run costs, and assume a constant load factor of 20% for illustrative purposes.

Key elements of the Balanced Pathway for electricity supply

In the Balanced Pathway, electricity supply emissions fall to 9.8 MtCO2e by 2030, with action
thereafter focused on meeting rising demand with low-carbon supply. Low-cost variable
renewables, especially offshore wind, form the backbone of the future system. These are supported
by storable energy, smart demand flexibility, and inferconnection.

The key elements of the Balanced Pathway for electricity supply are:

Electricity demand. Gross annual electricity demand more than doubles by 2050, increasing from
274 TWh in 2023 to 692 TWh in 2050. This reflects increasing electrification of transport, buildings, and
industry. The production of hydrogen from surplus generation accounts for an additional 29 TWh of

electricity use in 2035 and 89 TWh in 2050.
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Variable renewables (80% of generation in 2040). Renewable generation from wind and solar is well
established and is the cheapest form of new electricity generation capacity.'® The UK also benefits
from extensive wind resources. As such, renewables have an essential role to play in achieving Net
Zero and meeting the vast majority of demand in the Balanced Pathway. This will require strong
and sustained deployment of renewables capacity.

¢ The UK has a proven track record in deploying offshore wind. As of 2023, the UK has installed
15 GW of offshore wind capacity, with nearly half of that installed since 2019 - a fleet only
exceeded by China.!9! There is around a further 78 GW in the pipeline, of which 13 GW
have secured a confract for difference and are due to start generating in the 2020s. 102

¢ Deploying the offshore wind in the Balanced Pathway will require increasing the current
rate of deployment from around 1-2 GW per year to 5.7 GW per year out to 2030 before
then maintaining an average of 4.0 GW per year out to 2050, in addition to the repowering
of older sites as they reach the end of their operating lives.

¢ Onshore wind and solar can be built relatively quickly. For onshore wind, the Balanced
Pathway requires an average deployment rate of 0.8 GW per year, with deployment
peaking at 1.9 GW in 2030, which is comparable to the historical peak of 1.8 GW in 2017. For
solar, an average deployment rate of 3.4 GW per year is needed. This requires build rates to
grow to around the historical peak (4.1 GW in 2015) this decade.

* There are arange of barriers that will need to be overcome to enable the levels of
deployment required. This will require concerted action on several areas, including
planning, grid connections, and supply chain bottlenecks.

*  Maximising the potential of variable renewables in the UK will have wider implications for
the land and seabed. However, planned strategically, deployment should be possible at
significant levels.

— Offshore wind projects must consider constraints including seabed availability, wildlife,
and radar interference. To date, 81 GW of seabed has been leased.0* We also expect
some offshore wind to be floated rather than fixed to the seabed. This means turbines
can be deployed in deeper waters where there are likely to be fewer constraints.

— To deploy the 2050 levels in the Balanced Pathway would conservatively require
around 1% of UK land for solar and 2% for onshore wind, with approximately 98% of the
land around onshore furbines remaining available for other land uses (for example,
agriculture and pasture). 104105 The uptake of small-scale solar (for example, on
rooftops) could also significantly reduce the already relatively small land use
requirements for solar.

Storable energy. The Balanced Pathway uses storable energy as the primary complement to
variable renewables, including fuels such as gas, hydrogen, nuclear, and bioenergy that can be
used in low-carbon ways, and grid storage such as batteries.

* Firm power (13% of generation in 2040). This refers to sources of predictable and
schedulable electricity generation with relatively inflexible generation profiles. The maijority
of firm power in the Balanced Pathway is provided by nuclear.

— Nuclear. The Balanced Pathway reaches 11 GW of capacity by 2050, up from 6 GW in

2023, with new capacity that could be delivered with large-scale projects or small
modular reactors.
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— Bioenergy with carbon capture and storage (BECCS). Development of carbon capture
and storage (CCS) infrastructure enables the deployment of BECCS plants. BECCS from
sustainable feedstocks (see Section 7.7) provides both decarbonised electricity
generation and a form of engineered CO2 removals (see Section 7.12). BECCS runs
inflexibly due to the value of the removals it provides alongside the electricity,
providing less than 2% of generation in 2040. There is no role for large-scale unabated
biomass generation at high load-factors in the pathway beyond the expiry of existing
confracts in 2027. We explore a contingency without BECCS in the electricity supply
sector in Chapter 6.

Dispatchable generation (7% of generation in 2040). This refers to sources of generation that
can be planned with a high degree of confidence to provide flexible, controllable
electricity. Dispatchable generation will be required to provide security of supply, in
particular during periods of low production from variable weather-dependent renewables.

— Low-carbon dispatchable generation. Towards the end of the 2020s, the Balanced
Pathway sees the development of CCS and hydrogen infrastructure (see Section 7.7),
enabling the deployment of low-carbon dispatchable generation (for example, gas
with CCS or hydrogen-fired turbines). Capacity reaches 38 GW in 2050 with an average
build rate of 1.8 GW per year between 2030 and 2050. This is around half of the historical
peak annual build rate for unabated gas combined cycle gas turbines of 3.7 GW.

— Unabated gas. The Balanced Pathway rapidly phases out the use of unabated gas
generation, with its occasional use acting fo balance the system and ensure security of
supply (less than 2% of 2040 generation). The pathway therefore maintains a reserve of
unabated gas capacity into at least the 2040s which can be drawn on if needed.
Given the time and scope to sufficiently develop alternatives, unabated gas use is
phased out by 2050.

Grid storage. With an increasing share of variable renewables, grid storage can capture
energy, typically when it is cheap, to provide electricity in periods when demand is higher
and electricity is more valuable. It can operate on short-to-medium timescales to provide
flexibility when it is most valuable.

— Baftteries can provide flexibility by discharging power on fimescales from seconds-fo-
hours. The Balanced Pathway deploys 35 GW of short-duration baftteries (up to 9 hours)
by 2050, more than a ten-fold increase on 2023 levels.

— Arange of other options can provide storage over the medium term (days-to-weeks),
including pumped hydro and other technologies at different stages of
commercialisation (for example, compressed and liquid air storage, flow batteries, and
thermal storage). Our analysis deploys 7 GW of medium-duration grid storage by 2050.

Smart demand flexibility. Smart management of demand plays an important role in the Balanced
Pathway by helping to reduce costs and improve security of supply without affecting consumers’
quality of service provision.

Residential, commercial, and industrial consumers can participate voluntarily in markets to
shift and vary their demand in response to price signals. This can help to smooth peaks in
demand and absorb excess supply (for example, through smart charging of EVs and pre-
heating via heat pumps). Producing hydrogen via electrolysis can also help to absorb
electricity surpluses when available supply exceeds demand (see Section 7.7).

Demand flexibility lowers costs by reducing electricity generation and storage requirements
(particularly at peak demand periods) and the amount of network capacity needed.
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Interconnection. Connection of the electricity grid to neighbouring markets enables imports of
electricity when it is cheaper to do so, and provides a market for surplus generation. Currently there
is around 10 GW of interconnection capacity. In the Balanced Pathway this increases to 28 GW by
2050. Until the mainland European system is decarbonised, there is uncertainty around the carbon
intensity of imported electricity. There is also the potential for neighbouring countries to be
simultaneously impacted by weather extremes, which could limit cross-border frade. The modelling
for this report takes these constraints info account.

Networks. Network capacity will need to be increased at pace to ensure supply is able to be
fransported to sources of demand as electricity generation is increasingly decarbonised and
demand grows. In most cases, overhead lines should be favoured over more expensive methods
such as undergrounding, given the significant cost savings for consumers and in line with the
National Policy Statement for energy infrastructure.106:107:108

¢ Investment in the fransmission network is essential to accommodate higher levels of
generation that are located away from demand, including offshore wind, and to prevent
cheap renewable generation going to waste. All major electricity fransmission boundaries
require some level of reinforcement in the Balanced Pathway, with an average doubling of
capability by 2035 and a tripling by 2050.

¢ Investment in distribution networks will also be required as the uptake of EVs, heat pumps,
and industrial electrification will lead to an increase in electricity demand in most areas.
Distribution network reinforcement peaks in the 2030s as spare capacity on the network is
used up and anficipatory reinforcements are made.

Overall, in the Balanced Pathway, emissions intensity of electricity supply is projected to fall by 5%

from 131 gCO2e/kWh in 2023 to 7 gCO2e/kWh by 2040, and by 99% to 1 gCO2¢e/kWh by 2050
(Figure 7.5.2). The capacity and generation mixes are shown in Figure 7.5.3.
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Figure 7.5.2 Emissions intensity of electricity supply in the
Balanced Pathway
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Description: Emissions intensity has fallen since 2008. This trend continues in the Balanced Pathway, reaching close to zero by 2050.
Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics: 1990 to 2022; DESNZ (2024) Digest of UK Energy Statistics (DUKES) 2024; CCC and AFRY analysis.

Notes: (1) The pathway is modelled using historical data up to 2023. Emissions intensity reductions in the Balanced Pathway prior to 2025
(shown in a pale shade in this chart) are based largely on existing trends; additional decarbonisation measures only begin to be
applied in our modelling from 2025 (indicated in this chart with a vertical line). (2) Emissions associated with energy from waste are
accounted for in the waste sector. Emissions associated with combined heat and power are accounted for in the industry and fuel
supply sectors. (3) Projected emissions intensities are based on an average weather year (see Box 7.5.1).
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Description: Variable renewables form the majority of capacity and generation in the Balanced Pathway. These are supported by
storable energy, smart demand flexibility, and interconnection.
Source: DESNZ (2024) Digest of UK Energy Statistics (DUKES) 2024; CCC and AFRY analysis.

Notes: (1) The pathway is modelled using historical data up to 2023. (2) Figures are before losses through transmission, distribution, and
storage. Imports and exports exclude losses. (3) ‘Other’ includes unabated biomass, energy from waste, hydro, and combined heat
and power. Low-carbon dispatchable includes gas CCS and hydrogen. Smart demand flexibility capacity represents the flexibility at
peak. (4) There are other forms of sforage capacity not presented here, such as gas storage. Hydrogen storage capacity is shown in
Section 7.7. (5) Generation is based on an average weather year. (6) Generation includes surplus electricity used for electrolytic
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Key indicators for electricity supply

The key indicators of the changes required to deliver the Balanced Pathway for electricity supply
include metfrics on the rate of installation of low-carbon generation capacity, the level of storage
on the system, and the costs of renewables (Figure 7.5.4).

a) Offshore wind operational
capacity (GW)

) Onshore wind operational
capacity (GW)

Figure 7.5.4 Key indicators for the electricity supply sector
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Description: The key indicators for electricity supply in the Balanced Pathway show an increase in low-carbon technology deployment,
shiffed demand, and transmission network boundary capability. Costs for offshore wind and solar and the share of generation from

Source: Historical data from DESNZ, National Grid ESO, and IRENA; CCC and AFRY analysis.
Notes: (d) Low-carbon dispatchable includes gas CCS and hydrogen. (j) Emissions associated with combined heat and power are
counted in the fuel supply and industry sectors and excluded from the unabated gas share of generation indicator. (k) The average
fransmission network boundary capability reflects the average growth expected on the boundaries considered in this analysis.
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Ensuring reliable electricity supply

Electricity systems need to continuously balance supply and demand. The ability to do this by
flexibly adjusting generation has always been a key component of grid management, historically
through use of coal- and gas-fired generation.

Variable renewables have provided an increasing proportion of UK generation over the past
decade (36% in 2023), with the system being balanced by a combination of sources including
generation from assets such as nuclear (14% in 2023) and unabated gas plants (30% in 2023),
pumped storage, and interconnection (Figure 7.5.3). As the shift towards variable renewables
continues, alternative sources of low-carbon flexibility will be needed to operate the system and
provide security of supply. But the overall approach to balancing the system will remain the same.

The electricity system set out in the Balanced Pathway would ensure access to reliable electricity,
including in potential long periods of low wind, while meeting increases in electricity demand.

¢ The pathway is designed fo meet the UK Government's standards for security of supply,
modelled on an hourly basis out to 2050.1% It is designed around a 1-in-20 adverse weather
year that includes wind droughts (see Box 7.5.1).

¢ The Balanced Pathway electricity system is secure and robust to weather risks, through the
deployment of a portfolio of storable energy, smart demand flexibility, and inferconnection.

— Weather variability means there will be periods of low renewable output. These can
occur across different timescales, from hours to days or weeks. There can also be
seasonal or multi-year variations, such as prolonged wind droughts. Analysis
commissioned for this report suggests that, in rare circumstances, there could be up to
three-to-four consecutive years of challenging periods. 110

— Figure 7.5.5 shows how different timescales of residual demand are met in the 1-in-20
adverse weather year for 2040." Throughout, storable energy, and particularly storable
fuels, play an important role in balancing the system, meeting the majority of residual
demand.

* Grid storage (such as batteries), consumer demand shifting, and interconnectors
are able to meet a large portion of shorter periods of residual demand.

e Longer periods of residual demand - including multi-year challenges - are
predominantly met by generation from storable fuels, used both flexibly and
inflexibly. Storable fuels provide 149 TWh of generation in 2040 in the 1-in-20 adverse
year.

— The Balanced Pathway retains a reserve of unabated gas capacity info at least the
2040s, with its occasional use valuable in ensuring security of supply in adverse weather
years (4% of generation in a 1-in-20 adverse year and less than 1% in a favourable year,
compared to less than 2% in an average year). A system without the use of unabated
gas may be possible by 2040 but is likely to increase costs and delivery risks.

" Residual demand is demand required fo be met after taking account of generation from variable renewables.
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Figure 7.5.5 Meeting periods of residual demand in 2040 m
under a 1-in-20 adverse weather year
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Description: Periods of residual demand are predominantly met by storable fuels, with inferconnection and short- and medium-duration
flexibility meeting a large portion of shorter-duration residual demand.

Source: CCC and AFRY analysis.

Notes: (1) Residual demand is demand required to be met after faking account of generation from variable renewables. The longest
period with residual demand to be met in the analysis is around 18 days. (2) Short- and medium-duration flexibility includes grid storage
and smart demand flexibility. (3) Storable fuels include gas (including with CCS), hydrogen, nuclear, and bioenergy.

The following approaches will need to form part of future system planning to deliver a secure and
reliable low-carbon system:

¢ Increasing technical and geographical diversity: The more diverse the source of supply, the
lower the proportional impact of any single failure. Increasing geographical diversity,
parficularly in offshore wind capacity, can help to manage the impact of wind droughts.

¢ Redundancy: Adequate redundancy is required in network design, to reduce the likelihood
of loss of supply to locations, and in downstream services (such as local generation and
increased storage).

e Stress-testing: Understanding of future weather-related extremes needs to be factored into
decisions on future energy system design. System operators can stress-test future supply
using credible examples of observed low-wind conditions and up-to-date evidence on
future climate effects on wind.

* Asset-level resilience: To reduce the vulnerability of generation and network assets, climate
impacts such as flood risk, storms in quick succession, exireme heat, and reduced water
availability must be considered in site selection and design. These should also factor into the
maintenance and life extension of existing assefts.

There remains a decision for government around security of supply and how much allowance to

build into the system to account for uncertainties around future weather. We have modelled a
range of standards by sfress-testing the system to a highly adverse weather year (see Box 7.5.1).
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Meeting this higher level of standard purely through supply measures would require a further 21 GW
of capacity (for example, from storable fuels, grid storage, and/or interconnection) by 2050." Further
use of demand-side measures (such as shiffing industrial demand) could reduce the level of
investment required.

Box 7.5.1

Weather patterns considered in developing the Balanced Pathway

As the UK moves towards a significant reliance on renewables for its energy demand (particularly offshore
wind), the inherent variability of weather, as well as the possible effects of climate change, both become
more important.

We commissioned a study from Newcastle University fo understand how the future electricity supply system
should be designed to be resilient fo antficipated periods of weather-driven high electricity demand and
low renewable generation, accounting for changing UK weather patterns due o climate change.

The research analysed historical meteorological data covering the period 1940 to 2022 (83 weather years)
and future climate projections from the UK Met Office (UKCP18) to examine the adversity of different
weather years. The study also explored the potential for consecutive challenging years.

The results from the commissioned research have informed the use of weather patterns in this report.

¢ Dimensioning the system: we dimension the Balanced Pathway system to be resilient at the 20-year
return period (that is, a 1-in-20 adverse weather year). This is similar to the security standard used in
the design of the existing gas transmission system.!!!

* Emissions pathway: emissions are influenced by the weather, with adverse (low renewable output)
years resulting in higher emissions than favourable (high renewable output) years. We base our
emissions, generation, and variable costs for the Balanced Pathway on the weather corresponding
fo an average emissions year. This reduces the risk of a single adverse year affecting the delivery of
a carbon budget (see Chapfter 6).

¢ Siress-testing: the most adverse weather year in the dataset was used to stress-test the system and
inform the level of capacity required to meet this higher level of standard. The return period for this
is relatively uncertain given it is limited by the number of years of weather data available.

Source: Bloomfield, H. (2025) Reasonable worst-case stress test scenarios for the UK energy sector in the context of the changing climate.

7.5.3 Costs, cost savings, and co-impacts

Upfront investment enables the costs of delivering the Balanced Pathway for electricity supply to
fall over time. There are large cost savings fo the economy compared to the baseline by 2050
(Figure 7.5.6). This reflects the costs and savings of decarbonising electricity generation required to
meet demand in the baseline. The costs and savings associated with expanding the system to
meet new demands from electrification of the economy are accounted for in end-use sectors, and
are shown separately fo avoid double counting.

Costs in the pathway are driven by the deployment of low-carbon technologies and supporting
network infrastructure. Together, these technologies displace unabated gas generation to
decarbonise the electricity system.

* Variable renewables: the prices paid for renewables through contracts for difference
auctions have fallen rapidly in the past decade. This is particularly frue for offshore wind,
with contracts awarded for projects commissioning in 2023 being 65% cheaper than five
years earlier. 112113

" There are a number of relevant factors that are challenging to capture within modelling (such as demand response of fuels
outside of the electricity supply system) but could reduce the level of capacity required. We take a conservative approach
to these and, as such, we view the above value as an upper bound.
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— However, in the most recent auctions, supply chain inflation increased prices for
offshore wind. While these cost increases were significant, renewables costs are
expected to continue to fall over time due to experience and learning curve effects
from increasing global deployment.

- In the pathway, the levelised cost of electricity (LCOE) of offshore wind falls from
£51/MWh in 2025 to £35/MWh in 2040. The solar PV LCOE falls from £46/MWh in 2025 to
£29/MWh in 2040.

* Electricity network reinforcement: significant anticipatory investment in both transmission
and distribution networks is required. Wherever possible, when grid capacity is increased this
should be to a level sufficient to avoid having to upgrade the capacity again prior to 2050
in a ‘fouch the network once’ approach.

e Storable energy: the majority of investment in storable energy is from the deployment of
new nuclear and dispatchable low-carbon generation (gas CCS and hydrogen-fired
turbines). These technologies are significantly more expensive than variable renewables. For
example, Hinkley Point C has a 35-year contract for difference with a £119/MWh strike price
and low-carbon dispatchable has an LCOE of around £160-190/MWh in 2040 in the
Balanced Pathway. !4 Nuclear and low-carbon dispatchable generation provide a
relatively small proportion of generation (14% in 2040).

¢ Reduced gas usage: as the electricity system is decarbonised, unabated gas generation is
displaced from the system and mainly replaced by variable renewables, which do not
have any fuel costs. This results in operating expenditure savings compared to the baseline.

Figure 7.5.6 Costs and cost savings in the Balanced Pathway «
for electricity supply to decarbonise baseline supply
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Description: Upfront investment enables the costs of delivering the Balanced Pathway for electricity supply to fall over time.

Source: CCC and AFRY analysis.

Notes: (1) Capex is additional capital expenditure and opex is additional operating expenditure. Both are additional in-year costs in
2023 prices, relative to a baseline of no further decarbonisation action. (2) Includes all costs associated with decarbonising electricity
supply to meet demand in the baseline, avoiding double counting of the costs of electrification measures in end-use sectors.
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When also including the costs of significantly expanding the system to meet increased demands
from electrification of the economy, the Balanced Pathway for the whole electricity system has a
net cost (Figure 7.5.7). This cost enables decarbonisation through roll-out of electric technologies in
many ofher sectors (see Chapter 3). In several key areas, these technologies deliver operating
costs savings (see Chapter 4).

Figure 7.5.7 Costs and cost savings in the Balanced Pathway «
for electricity supply to decarbonise baseline supply and
meet new demands
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Description: Investment in renewables and network infrastructure are the main costs in decarbonising and expanding electricity supply.
Source: CCC and AFRY analysis.

Notes: (1) Capex is additional capital expenditure and opex is additional operating expenditure. Both are additional in-year costs in
2023 prices, relative to a baseline of no further decarbonisation action. (2) Includes all costs associated with both decarbonising and
expanding electricity supply. Therefore, there is double counting of the costs and cost savings of electrification measures in end-use
sectors.

Electricity generation from variable renewables is cheaper than generation from unabated gas,
and costs are expected to fall further in future. As the electricity system decarbonises, with wind
and solar displacing unabated gas, the underlying costs of electricity supply are expected to fall
over fime. Delivering the Balanced Pathway results in lower annualised system costs per unit of
electricity than in the baseline, despite the significant investment required to decarbonise and
expand the electricity system (Figure 7.5.8).

¢ The annualised system cost does not include fransfers between groups in society (for
example, legacy policy costs and taxes) and, as such, is different from the retail price of
electricity. We have included projected carbon costs in the annualised system cost to
reflect the costs of the UK Emissions Trading Scheme on generators. 1>
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e Policy should ensure that electricity retail prices reflect the low cost of adding low-carbon
capacity, so that barriers to electrification are reduced and electricity consumers benefit
from cost reductions in these technologies. Shifting some legacy policy costs away from
electricity would help to make electricity retail prices cheaper. For further details on the
impacts on households, see Chapter 8.

Delivering the Balanced Pathway for electricity supply also results in a range of co-impacts and
wider benefits to the economy.

¢ Industrial opportunities: the investment required to expand renewable generation, and to
develop new markets in dispatchable low-carbon and storage tfechnologies, will help
create new opportunities for firms, exports, and jobs. A strong signal from government on
the long-term pathway for these new sectors will help give industry and investors
confidence to undertake the long-term investments required to unlock these benefits. For
further details on industrial opportunities, see Chapter 9.

* Energy security: decarbonising and expanding the electricity system will reduce the UK'’s
dependence on fossil fuels, protecting consumers from volatile international prices. For
further details, see Chapter 10.

e Air quality: switching from use of unabated fossil fuels for electricity generation to low-
carbon generation technologies, such as wind and solar, will help improve local air quality.

Figure 7.5.8 Annuadlised system cost per unit of electricity in «
the Balanced Pathway and the baseline
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Description: The Balanced Pathway results in a lower annualised system cost than in the baseline, which remains broadly flat to 2050.
Source: CCC and AFRY analysis.

Notes: (1) The annualised system cost per unit of electricity is calculated as the sum of fotal annualised capital expenditure and
operating costs (including projected UK ETS carbon costs) of electricity generation, storage, and network capacity on the system in a
given year per unit of electricity supplied. (2) The annualised system cost per unit of electricity does not include transfers between
groups in society (for example, legacy policy costs and taxes) and, as such, is different to the retail price of electricity.
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7.5.4 Key actions required to deliver the Balanced Pathway for electricity
supply

Delivering the Balanced Pathway in electricity supply can only be achieved through a coordinated
and strategic approach to delivery. The scale of build, when taken across the range of system
components, is significant. However, the UK has effectively delivered rapid transformations in
energy infrastructure before and delivery here is feasible and achievable (Box 7.5.2). Delivery will
require the removal of barriers to deployment of critical infrastructure and policy gaps to be
remedied, at pace. This will open up the path to major new investment. The key actions that are
needed are as follows:

* Ensure that the funding and auction design for the Seventh Allocation Round (and future
rounds) are sufficient to secure the level of renewables capacity required to deliver a
decarbonised power system.

* Reform key processes and rules, including in planning, consenting, and regulatory funding,
to enable rapid expansion of the counftry’s energy infrastructure and clear, consistent
resolution of tensions between low cost of infrastructure and sensitivity to local conditions. In
most cases, overhead lines should be favoured over more expensive methods such as
undergrounding.

* Provide clarity around the future of electricity market arrangements and any fransition
arrangements as soon as possible. Delivering the portfolio of low-carbon flexibility and
generation capacities needed will require new and reformed regulations, incentives, and
business models, alongside ensuring existing schemes secure the level of capacities
required. These must be put in place with urgency to enable the necessary investment
decisions to be taken on a timely basis and at the appropriate scale.

¢ Ensure that large-scale biomass power plants are not given extended contracts fo operate
unabated at high load factors beyond 2027. Biomass feedstocks used must be sustainably
sourced.

¢ Ensure resilience is considered from the outset. It is critical that the system is designed to be
resilient to extreme weather, including low wind years and wind droughts. This must be
informed by historical precedent alongside further research on the expected effects of
climate change. Building climate change resilience into this asset investment programme
will require appropriate governance arrangements, systematic risk assessments, and
appropriate resilience standards across the system. If climate resilience is neglected, there is
significant risk of locking in increased climate vulnerability or additional costs later on.

Box 7.5.2
Previous energy transitions in the UK

The UK has successfully delivered rapid transformation in energy infrastructure before.

¢ Inthe 1950s: an electricity ‘supergrid’, spanning 4,000 miles of network fransmission lines across the
country, was constructed in 12 years.!'¢

* Inthe 1960s and 1970s: 13 million homes and 500,000 businesses and industrial gas users were
switched from using ‘town gas’ to natural gas in 10 years, alongside the development of a natural
gas transportation network.!'”

¢ Inthe 1990s: the ‘dash for gas’ saw the construction of around 40 gas-fired power stations, providing
20 GW of capacity, in 10 years.!18

These transitions delivered significant growth in electricity supply. Generation increased from 76 TWh in 1951
to around 385 TWh in 2001, with generation doubling in the 10 years to 1961 and again to 1971.117
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/.6 Aviation

Key messages

Today: aviation is currently the sixth highest-emitting sector in the UK economy. In 2023, aviation
accounted for 8% of UK emissions, 35.4 MtCO-e.

CB7 period: by 2040, aviation emissions fall by 17% in the Balanced Pathway, relative to 2023.
Aviation will account for 29.5 MtCOze of UK GHG emissions and will be the UK's highest-emitting
sector. The sector will also be confributing financially fo engineered removals.

By 2050: this sector can reach Net Zero emissions through the roll-out of sustainable aviation fuel
(SAF), improved efficiencies, electrification of planes, managing growth in aviation demand, and
paying for engineered removals to offset residual emissions.

Our key messages are:

¢ The aviation sector needs to take responsibility for its emissions reaching Net Zero by 2050.
The cost of decarbonising aviation and addressing non-CO2 effects should be reflected in
the cost to fly. This will help manage growth in aviation demand in line with Net Zero.

e Low-carbon aviation technologies are at an early stage of development and the balance
between them is uncertain - multiple options should be pursued. Government may need to
take additional demand management measures if aviation sector emissions are not
developing in line with Net Zero.

e The UK should continue to push for higher ambition through the International Civil Aviation
Organisation (ICAO) and the Carbon Offsetting and Reduction Scheme for International
Aviation (CORSIA). The UK should also pursue opportunities to go further, such as forming
progressive alliances with countries who are aligned with the UK.

e Aviation's non-COz2 effects must be addressed - they are likely fo have a high warming
effect, though the level of their exact impact on temperature change is uncertain.

7.6.1 Emissions in aviation

Emissions in aviation were 35.4 MtCO2e in 2023. This is 69% higher than 1990 levels and currently
accounts for 8% of UK emissions. In 2023, 93% of aviation emissions came from international flights,
4% from domestic flights, and 3% military aviation.!?0 The Government has committed to including
international aviation and shipping emissions in the Sixth Carbon Budget and Net Zero.

* The most significant driver of aviation emissions since 1990 has been rising demand for
international flights (which accounted for 74% of total aviation emissions in 1990) being only
partly compensated for by improved efficiencies. Between 1990 to 2023, intfernational flight
passengers increased by 208%, while domestic flight passengers increased by 38%. 12!

— Survey data shows that in 2010, 78% of surveyed passengers were fravelling for leisure
and 22% for business.22 By 2023, 86% of surveyed passengers were travelling for leisure

and 14% for business. 23

— In 2010, international leisure flights accounted for 72% of passengers; by 2023, this
increased to 82%.
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¢ There was a sharp drop in flights during the COVID-19 pandemic. Aviation emissions have
now almost rebounded to pre-pandemic levels, with 2023 emissions reaching 90% of 2019
levels.

e Efficiency improvements such as increased plane loadings have reduced the fossil fuel
intensity of aviation from 0.76 kWh/passenger-km in 1990 to 0.42 kWh/passenger-km in 2023.

e Aviation’s non-CO: effects refer to the additional climate impacts from aviation not due to
GHG emissions, such as line shaped contrails, high cloud increases, and the impacts from
air pollution (see Box 7.6.3). Since 1990, the warming effect of non-CO2 effects has tripled.

7.6.2 The Balanced Pathway for aviation

In our Balanced Pathway, aviation emissions are projected to fall, relative to 2023 levels, by 17% to
29.5 MtCO2ze by 2040 (the middle of the Seventh Carbon Budget period). As other sectors
decarbonise, aviation’s share of UK emissions is set to increase to 27% by 2040, making it the UK’s
highest-emitting sector. By 2050, aviation emissions fall to 22.7 MtCO2e, a 36% decrease from 2023
(Figure 7.6.1). The key values that underpin this pathway are summarised in Table 7.6.1.

Figure 7.6.1 Aviation emissions by subsector - historical (2008 m
2023) and Balanced Pathway (2025-2050)
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Description: International flights account for a large majority of aviation emissions, followed by domestic and then military flights. In the
Balanced Pathway, aviation emissions fall steadily but residual emissions remain across all subsectors in 2050.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; CCC analysis.

Notes: Solid colours, to the right of the line, represent our modelled pathway emissions in each subsector from 2025. Pale shades, to the
left of the line, show historical subsector emissions data up to 2023 and then our modelled expectations based on existing trends and
policies for past years for which data are not yet available.
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Table 7.6.1
Key values in the Balanced Pathway for aviation

Emissions Emissions in year

Change in emissions since 1990 +75% +60% +44% +41% +8%
Change in emissions since 2023 +4% -5% -15% -17% -36%
Share of total UK emissions 9% 1% 16% 27%
LGCNEIE Percentage of liquid fuel demand that is 1.3% 6% 12% 17% 38%
- quantity SAF
variables
Annual average percentage efficiency 1.3% 1.3% 1.3% 1.3% 1.3%
improvement
Change in aviation passenger numbers as -0.6% +2% +10% +28%

a percentage of 2025 levels

Kilometres flown per capita per year 5,781 5,856 6,148 6,703 7,621
(passenger-km)

LGEC NI Synthetic fuel long-run variable cost 62 38 35 33 29
- price (p/kWh)*
variables

Source: CCC analysis.

Notes: We have blanked out the share of total UK emissions in 2050 because total UK emissions have reached Net Zero at this point.
*Aviation’s Balanced Pathway includes multiple types of SAF, each with different estimated costs. This table shows the long-run variable
cost of synthetic fuel as this will likely be the marginal unit of fuel during the Seventh Carbon Budget period. The long-run variable cost
includes the components of the retail price that represent actual costs to society that vary according to the level of consumption and is
used throughout our fuel costing analysis.

Key elements of the Balanced Pathway for aviation

In the Balanced Pathway for aviation, the largest share of emissions reduction by the Seventh
Carbon Budget period comes from managing forecast aviation demand growth. This is followed by
SAF uptake, efficiency improvements, and the roll-out of hybrid-electric aircraft and battery-
electric aircraft (Figure 7.6.2). Engineered removals, paid for by the aviation industry, begin to offset
a portion of aviation emissions. These are accounted for in the engineered removals sector (see
Section 7.12). Figure 7.6.2 shows indicative emissions for 2040 and 2050 if this share of removals were
included.

The exact balance between these measures is uncertain, but all must be pursued to ensure that
the overall emissions contribution of the aviation sector is Net Zero by 2050. If low-carbon aviation
technology deployment is slower than expected, more demand management may be needed.
Conversely, if technologies deploy more rapidly, aviation demand could be higher provided
emissions are on track to Net Zero.
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Figure 7.6.2 Sources of abatement in the Balanced Pathway '«
for aviation
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Description: The largest share of emissions reduction in aviation during the Seventh Carbon Budget period is from managing forecast
aviation demand growth. By 2050, it is from SAF. Contributions also come from efficiency improvements and low- and zero-emission
aircraft. All residual emissions are offset by engineered removals by 2050.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; CCC analysis.

Notes: (1) We generally account for emissions reductions due to measures to reduce demand for high-carbon activities (including low-
carbon choices and efficiencies) first, before the impact of low-carbon technologies. (2) It was not possible to separate abatement
from efficiency improvements and low- and zero-emission aircraft in Department for Transport aviation model runs for the CCC. (3) By
2050, all remaining aviation emissions are offset using engineered removals. This corresponds to aviation accounting for an indicative
share of around 60% of the total UK engineered removals in 2050. This chart shows this with purple circles, which assumes that aviation
also receives the same share of available engineered removals in 2040 (equating to around 13 MtCOze of removails). This is highly
uncertain as the shares of removals, SAF, efficiency improvements, and new aircraft will be determined by their individual technology
development progress, relative costs, and the market.

The key measures that combine to reduce emissions in aviation are:

Net Zero-aligned aviation demand (54% emissions reduction in 2040). Aviation demand can only
grow if technology roll-out progresses and begins to abate and offset aviation emissions, with
demand management playing an important role in reducing emissions in the 2020s and 2030s while
availability of SAF and engineered removals is limited. In the 2040s, aviation demand starts to

increase at a faster rate in the Balanced Pathway, as GDP increases and fechnology becomes
more available.

¢ The Government’s high carbon value is included in the cost of flying used to forecast future
demand, to account for uncertainties in technology development, likely high SAF and
engineered removals costs, and non-COz effects. 24 Our cost analysis for engineered
removals and direct air capture for synthetic fuel production is discussed in Section 7.12.
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e Compared to 2025 levels, aviation passenger demand increases by 2% by 2035 (to
319 million passengers), 10% by 2040 (to 345 million passenger), and 28% by 2050 (to 402
million passengers).” See Chapter 8 for information on what this means for households.

— Aviation demand projections are uncertain. Our analysis uses the Department for
Transport’s aviation modelling suite to forecast demand.'2> Key uncertainties include
UK GDP, foreign GDP, and market elasticity assumptions (see Chapter 6).126

— In the Balanced Pathway, per-capita aviation passenger-kilometres in 2040 are 16%
above 2025 levels, which is a considerably lower increase than in the baseline, in which
per-capita demand grows by 53% by 2040.7

— Our analysis assumes that the aviation industry adopting the cost of aviation
decarbonisation will help manage demand. Addifional policy may be required if
technology does not deliver at the required rate. Chapter 8 outlines the implications of
aviation’s Balanced Pathway for households, Box 7.6.1 outlines findings from the
Committee’s citizens’ panel on aviation, and Box 7.6.2 outlines potential policy options.

e Thereis a small demand reduction effect from assuming modal shift from flying to rail for
some flights. The rate of business flight demand growth increases in line with recent historical
data, where the growth in demand has not been as large as for leisure flights.

e To protect essential connectivity flights, we do not assume any demand management for
domestic flights to or from Northern Ireland or the Scottish Highlands and Islands.

* Aviation’'s non-CO:z2 effects increase with demand growth (Box 7.6.3). Compared to 2025
levels, warming from aviation’s non-COz effects is expected to increase by 7% by 2040 and,
by 2050, it is expected to be 19% above 2025 levels.

Sustainable aviation fuel (33% of emissions saving in 2040). SAF meets 6% of total fuel demand in
2030, 17% in 2040, and 38% by 2050. This trajectory is lower than the Government’s SAF trajectory
due to the expected supply constraints in the late 2020s and 2030s, long-term uncertainties
regarding the costs and supply of SAF, particularly synthetic fuels, and projected cost effectiveness
of engineered removals compared to SAF.

¢ Cross-economy assumptions and resource constraints, for example on the supply of
sustainable biomass (see Section 7.7), impact the level of SAF available to the aviation
sector. Alongside this, demand for feedstock supply will likely be highly competitive,
particularly in the late 2020s and 2030s, due fo demand from SAF targets in the US, EU, and
China.

e Our SAF frajectory also reflects that direct air carbon capture and storage (DACCS) may be
more cost effective compared to producing synthetic fuels.

- In the Balanced Pathway, we assume that domestically produced synthetic fuels and
engineered removals will be available to the aviation sector from the mid-2030s.

" The aviation sector’s Balanced Pathway uses 2025 as a reference year for aviation demand as 2023 demand appears to still
be rebounding from the COVID-19 pandemic (see Section 7.6.1) and because 2025 is when the DESNZ high carbon value is
infroduced in the modelling.

" The difference in growth rate between terminal passenger demand and passenger-km per capita is due to long-haul flight
demand (mainly flights to outside of the UK and Europe) driving demand growth, which increases passenger-km more
significantly than growth in domestic and short-haul flights (flights to Europe).
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— Our cost estimates find that DACCS is cheaper than synthetic fuels in the Seventh
Carbon Budget period and out to 2050 (see Section 7.12). This is due to the multiple
expensive inputs (low-carbon hydrogen and captured carbon) and energy conversion
losses incurred in the synthetic fuel production process, compared to the costs of
capturing and storing carbon. Despite this, we include some synthetic fuels in the
Balanced Pathway, to reflect the uncertainty in costs and the need to maintain
optionality af this stage.

e Current international emissions reporting guidelines are unclear regarding reporting of
emissions savings derived from imported synthetic fuels. Due to this ambiguity, our analysis
assumes synthetic fuels are produced in the UK."127 In practice, future SAF production and
supply is likely to operate in an international market. IPCC inventory guidelines will need to
be clarified to allow for imported synthetic fuels fo confribute to UK territorial emissions
savings.

Efficiency improvements and hybrid- and zero-emission aircraft (13% of emissions savings in 2040).
Fuel, operational, and air transport movement efficiencies improve to reduce the carbon intensity
of flying by 1.3% per year on average between 2025 and 2050. It is likely that hybrid-electric aircraft
will enter the UK fleet around 2030, although due to modelling constraints they enter our pathway in
2040. Battery-electric aircraft enter the fleet in 2040 in our pathway. Hydrogen aircraft may
contribute fo meeting the UK's Net Zero target and beyond but are insufficiently developed for
inclusion in this advice.

Permanent engineered removails for the aviation sector. By 2050, all residual aviation emissions are
offset using permanent engineered removals to balance the long-lived CO2 emissions from fossil
fuels. This corresponds to aviation accounting for around 60% of the total engineered removails in
the Balanced Pathway. If it is assumed that aviation receives around the same share of available
engineered removals in 2040, this equates to around 13 MICOze of removals. However, this level is
indicative as the shares of removals, SAF, and other measures will be determined by their individual
technology development progress, relative costs, and the market. The effect of engineered
removals on emissions is accounted for in the engineered removals sector (see Section 7.12).

“ See the UK's 1990-2021 Greenhouse Gas Inventory, Section 1.8.2.3, for the relevant guidelines.
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Key indicators for aviation

The key indicators of the changes required to deliver the Balanced Pathway for aviation include

mefrics on the SAF uptake rate, levels of aviation demand, and non-COz2 effects (Figure 7.6.3).

Figure 7.6.3 Key indicators for the aviation sector ‘«
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Description: The key indicators for aviation in the Balanced Pathway show an increase in aviation demand, non-CO: effects, SAF
supply, and efficiency improvements. Synthetic fuels undergo cost reduction out to 2050.

Source: Historical data from DESNZ and DfT; CCC analysis.

Notes: (b) To account for non-CO: effects on global warming lasting between 10 and 20 years, warming equivalents are calculated
based on a 20-year average. Warming from non-CO:, effects therefore increase around 2040 as the lower non-CO;, effects from
decreased demand during the COVID-19 pandemic are no longer within the 20-year average; (f) UK-produced synthetic fuel enters
the pathway in the mid-2030s and will likely be the marginal unit of fuel.
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Box 7.6.1

Aviation demand in the citizens’ panel

The Committee convened a citizens' panel to explore what an accessible, attractive, and affordable vision
of Net Zero looks like for households (see Chapter 8 for further details). Among other topics, the panel
explored the acceptability and affordability of different policy options for managing aviation demand. In
general, there was broad acceptance of the need to manage future demand.

Panel members:

* Mostly saw flying as a choice rather than a necessity, particularly as many UK citizens do not fly often
or at all. There was generally a preference to moderate the flying of those who fly frequently,
business flights, and private jet use.

*  Mostly felt that ticket prices increasing because of policy was acceptable. Most panel members
viewed the example ticket price increases detailed in Box 7.6.2 as acceptable.

¢ Emphasised the importance of protecting the ability of families to fly on holiday once per year,
including low-income families. There was a general preference for policy to target the most polluting
flights.

e Felt that responsibility for reducing emissions should sit with the airline industry. There was strong
disapproval of the idea of government- or taxpayer-funded engineered removals, as they felt that
those who do not fly should not face additional costs associated with removals.

After discussing a range of policy options to manage aviation demand, panel members:
* Most strongly supported a frequent flier levy or an emissions- or distance-based tax.

— Many were supportive of aviation taxes being levied on the small share of the population that
flies most frequently. Some were in favour of more polluting flights being more strongly
disincentivised. Following deliberation, participants preferred a policy lever which would
combine the two principles.

— Tax exemptions were preferred for a passenger’s first flight, for children (so as not to penalise
family holidays), and for those living on remote islands. Some panel members suggested
exemptions for emergency circumstances, although feasibility was not explored.

— There was less support for a flat tax which does not differentiate by emissions or flight frequency.

*  Were less supportive of policy requiring airlines to offset their emissions, which impacts demand
through passing technology costs onto ticket prices. Some expressed discomfort about engineered
removals from the perspective of efficacy and safety, as well as not being aligned with the principle
of reducing emissions. They were concerned about monitoring and enforcement, with trust in airlines
fo carry out removals being low. For those who supported this policy, they felt it should have a
supplementary role to other policy options fo tfarget demand, and a desire was also expressed for
airlines to fund engineered removals and for minimising the costs passed onto consumers.

e Supported information provision and bans on ‘air miles’ rewards, which they saw as easy levers to
implement. However, they felt that their impact would be small and insufficient to manage demand
alone.

e Supported policy to limit airport expansion and capacity. These were viewed as effective levers and
participants saw it as unfair for policy to only target individual flight behaviour, while allowing for the
aviation industry to expand.

* Had mixed views on restricting certain types of flights. Some panel members felt that restricting very
short flights (with a rail alternative under four hours) would be acceptable, while others were less
supportive as they felt that it would have limited effectiveness compared to targeting longer flights.
There was more support for banning or heavily faxing private jets due fo a preference to target
‘luxury’ flying, although they recognised that this would impact a small share of aviation emissions.

* Were supportive of improving rail alternatives but had mixed views about the efficacy of this for
managing aviation demand. Improving the cost and reliability of trains was seen as a necessary
condition for restricting domestic flights. Panel members were supportive of improving rail regardless
of its impact on aviation demand, as it was viewed as a necessary public good. However, they had
mixed views about whether this lever would be effective at impacting flying behaviours.
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Box 7.6.2

Options for managing aviation demand growth

It is likely that a mixture of approaches will be required fo manage aviation demand growth in line with Net
Zero. Most demand management policies will increase ficket prices, either directly through taxes or
indirectly through technology costs passed on by the aviation industry. Tax levers can raise revenue and
allow the Government to account for distributional impacts, while other approaches leave the industry to
identify the most efficient approach.

Price elasticities indicate the need for relatively large changes in price to moderate demand, though
evidence on this is limited.28:127:130 While future ticket prices and UK income are highly uncertain, as an
example, if the Government’s high carbon value is applied to aviation emissions and airlines are assumed to
pass 100% of costs onto tickets, by 2050, a return ticket from London to Alicante, Spain would increase by
about £150, and a return ticket from London to New York would increase by about £300. This is an increase
of 2-4% respectively of the estimated increase in annual real household income per capita between 2023
and 2050.%131 The Committee’s citizens’ panel was broadly accepting of the need for this scale of ticket
price increase by 2050.

The main potential levers for managing aviation demand are:

¢ Directly paying for SAF and removals: policy fo drive the uptake of SAF and engineered removals
could be delivered by more stringent limits on aviation emissions in the UK ETS or direct requirements
on airlines such as the UK SAF mandate. This would increase airline costs, impacting demand through
higher ticket prices.

* Kerosene tax: unlike other transport sectors, airlines do not pay a direct fuel tax. A kerosene tax is the
tax most closely linked to emissions. There are legal issues with applying a kerosene tax unilaterally.
While it could legally be applied fo domestic and EU flights, in many cases it would require
renegofiation of Air Service Agreements, which often prohibit the implementation of taxes on fuel or
airlines.’®2 If only applied to domestic and EU flights, there is a risk this could create a perverse
incentive to fly longer distances.

* Air passenger duty (APD): APD is an existing tax based on flight distance bands and ticket type, with
some exemptions including flights to remote Scottish islands and for children. APD could be
increased and additional bands could be added to better reflect the emissions impact of flying. This
lever is fully devolved to Scotland and partially devolved to Northern Ireland.

* Frequent flier levy: this is a tax that increases with the number of flights an individual takes. As higher-
income groups tend to be less responsive to price changes, tax rates would need to be sufficiently
high fo manage demand.'3 [t is expected that frequent flier levies would require nuanced policy
design to be effective.

Other policy levers could also play a supplementary role:

¢ Llimiting airport expansion: capacity constraints would likely lead to an increase in ficket prices,
reducing demand. Profits would be captured by the aviation industry.

* Nudging and information policies. Approaches such as flight emissions labelling and restrictions on
‘air miles’ rewards may be useful for supplementing other policy but would likely have limited impact
O|One.134:135

Domestic-focused policies would have a smaller overall impact:

* Restricting some domestic flights: domestic flights account for around 4% of UK aviation emissions. In
2019, at least 5% of domestic flights had a rail alternative under two-and-a-half hours, and at least
31% under five hours. Restrictions on domestic flights would need to be coupled with improving rail
alternatives, which is high cost for the small share of aviation demand it would address.

e VAT could legally be applied to domestic flights: this would be a flat rate that is not linked to actual
emissions or passenger type.

" This analysis assumes an average ticket price increase is passed through to ficket prices evenly. It forecasts 2050 real
household income per capita using 2023 household real disposable income per capita and OBR projections of growth in
real GDP per capita.
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Box 7.6.3

Non-CO; effects of aviation

In addition to the warming effects from COz2, further climate impacts from aviation result from nitrogen
oxides, water vapor, black carbon (soot), and sulphur dioxide emissions. These pollutants affect the climate
in different ways. For example, nitrogen oxides have a warming effect, while in most cases sulphates have a
cooling effect. Water vapor from planes can also create contrails, which are long trails of cloud caused by
aircraft flying through supersaturated air, depending on the local atmospheric conditions. These high-
altitude contrails can help the formation of cirrus clouds, which have a relatively large warming effect on
the global surface air temperature.

Non-CO: effects likely have a high warming effect, though the level of their exact impact on temperature
change is uncertain. Non-CO2 effects are estimated to contribute around two-thirds of aviation’s total
effective radiative forcing globally - twice as much as historical CO2 emissions from aviation. But CO2
emissions are much longer-lived than non-CO2 effects.

¢ The dominant non-CO2 effects are from the formation of contrail-induced cirrus clouds, followed by
the net effect of the emission of nitrogen oxides on atmospheric chemistry.

* The global warming impact from non-CO: effects lasts for 10 to 20 years.

* In contrast, CO2 emissions from aviation will result in elevated atmospheric CO2 concentrations for
centuries into the future. Actions to reduce aviation's non-CO2 effects must complement rather than
substitute for action to reduce CO2 emissions.

Overall, the net aviation non-CO: effect is to warm the climate in both the baseline and the Balanced
Pathway, but its magnitude is lower in the Balanced Pathway (Figure 7.6.4).

* Thereis large uncertainty in the warming impacts of non-COz effects. Our analysis follows the
method of Lee et al. to calculate warming equivalents from non-CO:2 effects and a central estimate
of the fransient climate response to cumulative CO2 emissions to compare non-CO2 and CO2
warming confributions. 3¢

Demand management is the most effective approach to limit warming impacts from non-CO: effects.

¢ Comparing our Balanced Pathway to the baseline shows that reducing demand leads to 20% less
warming by 2050. 65% of this decrease is from non-COz2 effects. Over a longer time period,
reductions in CO2 emissions will deliver greater benefit to the climate. Actions to reduce both CO2
emissions and non-CO2 effects are therefore equally important.

e Potential additional measures to limit these impacts include contrail-cirrus avoidance and SAF.
Further research is required to understand the effectiveness of each measure and to understand
potential unintfended consequences, which could include increasing CO2 emissions via contrail
avoidance. Section 7.6.4 sets out actions the UK should commit to in order to reduce the impact of
non-CO2 warming.
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Figure 7.6.4 Contribution to global warming from UK aviation «
CO2 emissions and non-CO: effects in the baseline and
Balanced Pathway
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Description: Global warming from UK aviation CO2 and non-CO: effects increases in both the baseline and Balanced Pathway, but
increases more in the baseline.

Source: Lee at al. (2020) The contribution of global aviation to anthropogenic climate forcing for 2000 to 2018; Forster, P.M. et al (2024)
Indicators of global climate change 2023: annual update of key indicators on the state of the climate system and human influence;
CCC analysis.

Notes: (1) The chart shows the contribution to global temperature increases due o cumulative CO2 emissions, and from total CO»
emissions and non-CO effects, from the UK aviation sector in the baseline and Balanced Pathway. These have been indexed to the
latest observed level of greenhouse gas-induced global warming (1.57°C in 2023), using the same approach as in Figure 3.11. (2) To
account for non-COz effects on global warming lasting between 10 and 20 years, warming equivalents are calculated based on a 20-
year average. Warming from non-CO: effects therefore increases around 2040 as the lower non-CO: effects from decreased demand
during the COVID-19 pandemic are no longer within the 20-year average.

7.6.3 Costs, cost savings, and co-impacts

Our costing analysis for the aviation sector accounts for changes in capital expenditure from
efficiency and demand, and changes in operating expenditure from SAF, efficiency, and demand
(Figure 7.6.5). Both capital and operating expenditure to generate SAF are accounted as aviation
sector operating costs. Engineered removals costs are accounted for in the engineered removals
sector (see Section 7.12).

* Net Zero-aligned aviation demand: the effect of demand management compared to the
baseline results in less demand, leading to fewer aircraft in the fleet and lower kerosene fuel
supply. This represents the direct saving from demand management and is not a
macroeconomic analysis of aviation demand growth.

¢ Sustainable aviation fuel: SAF operating costs are driven by the level of SAF in the Balanced
Pathway. Biomass and synthetic fuel SAF are the dominant SAF fuels by 2050. CCC long-run
variable costs estimate that synthetic fuels will be around seven times more expensive than
kerosene in 2050 and biomass SAF twice as expensive. SAF costs are highly uncertain,
particularly for synthetic fuels given they have not yet entered the market.
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e Efficiency improvements and low- and zero-emission aircraft: capital costs are driven by
efficiency improvements and hybrid-electric aircraft, which begin to enter the fleet in 2030.
Operating cost savings increase as efficiency improvements progress and new aircraft
enter the fleet. There was insufficient data to include the cost of battery-electric aircraft but
given the small emissions savings from these aircraft in the Balanced Pathway, this is
expected to be a relatively small cost.

* Engineered removals: engineered removals costs are accounted for in the removals sector.
The Balanced Pathway largely assumes a ‘polluter pays’ principle, where those sectors with
residual emissions are expected to reduce their net contribution fo UK emissions to Net Zero,
whether through in-sector emissions reductions or using removals to offset ongoing
emissions. In the Balanced Pathway, the aviation sector is responsible for around 60% of
engineered removals required in 2050 and therefore would be expected to fund around
60% of the cost.

In addition, in the Balanced Pathway, noise and air pollution levels will be lower compared to the
baseline, however, flying will continue to have these impacts. See Chapter 8 for more discussion of
co-impacts for households.

Figure 7.6.5 Costs and cost savings in the Balanced Pathway «
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Description: SAF operating costs and efficiency capex are cost drivers in the aviation pathway due to SAF uptake and efficiency
improvements and new aircraft. Demand and efficiency opex are cost saving due to fewer planes, lower fuel use, and improved
efficiencies.
:l:::;?zcigecxci‘snsgzi;onol capital expenditure and opex is additional operating expenditure. Both are additional in-year costs in 2023
prices, relative to a baseline of no further decarbonisation action.

7.6.4 Key actions required to deliver the Balanced Pathway for aviation

Delivering the Balanced Pathway in aviation requires effective government policy, sustained
progress in building fechnologies and markets, and the aviation industry stfrengthening action to
support its own decarbonisation. The key actions that are needed are as follows:
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Develop and implement policy - such as the existing SAF mandate and the UK ETS - that
ensures the aviation sector takes responsibility for mitigating its emissions and ultimately
achieving Net Zero for the sector by 2050. This includes paying for permanent engineered
removals to balance out all remaining emissions. By 2050, the sector should be paying the
full cost of making aviation emissions Net Zero, with contributions scaling up prior to that.
Other complementary policies should also be put in place, such as an effective UK ETS
carbon price to stimulate both SAF production and engineered removals.

Ensure robust contingencies are in place to address any delays in decarbonisation,
including through demand management. The next ten years are crucial for the
development and deployment of aviation technology. If technology is not on frack in the
near term to deliver what is required for the Seventh Carbon Budget and Net Zero, or if
aviation sector emissions are not in developing line with Net Zero, government and industry
will need to be ready to implement more demand management policy (see Chapter 6).
Government also has a role to ensure the distributional impacts of demand management
are considered (see Chapter 8).

Commit, as a minimum, to preventing the additional warming impacts from aviation
beyond GHG emissions (known as non-CO: effects) increasing after 2050. Begin to monitor
these impacts and support investigation, development, and trial of mitigation options that
complement rather than substitute for CO2 mitigation.

Seek to strengthen the ambition and effectiveness of ICAO objectives and CORSIA. Form
alliances with countries who are aligned with the UK to go further than ICAO on both
emissions and non-COz effects. For instance, the UK and other countries could align ETS
scopes to include some or all international flights. See Section 10.1.3 for discussion of the
interaction between offsetting mechanisms in the aviation sector and the use of
international credits.

Consider the case for continued support for innovation in efficiency improvements and new
aircraft technology. There is a strategic case for the UK to be at the forefront of the
development of efficiency improvements in aviation and zero-emission aircraft. The UK has
a world-leading and mature aerospace sector with the experience and capability to get
new aircraft concepts to market. Current zero-emission aircraft concepts would also be
able to service essential services and connectivity flights such as those for the Scottish
Highlands and Islands and between Northern Ireland and Great Britain.

/.7 Fuel supply

Key messages

Today: fuel supply is currently the seventh highest-emitting sector in the UK economy. In 2023, fuel
supply accounted for 7% of UK emissions, 31.1 MtCO-e.

CB7 period: by 2040, fuel supply emissions fall by 83% in the Balanced Pathway, relative to 2023.
Fuel supply will account for around 5.4 MtCO2e of UK GHG emissions and will be the UK’s sixth
highest-emitting sector.

By 2050: this sector largely decarbonises through falling activity in the oil and gas sector and
electrification and CCS in production.
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Our key messages are:

e Fossil fuel supply emissions will be declining over time (even without new policy in the sector)
due to shrinking North Sea oil and gas production and reducing demand from the
electrification of transport, buildings, and industry.

e Government should work with communities, workers, and businesses in the oil and gas
industry to develop proactive transition plans that enable access to secure employment
and business opportunities.

* A mix of hydrogen production options will be needed to meet hydrogen demand, including
from clean electricity and use of natural gas with CCS.

* Government should fast-track low-regret hydrogen infrastructure development, including
networks and storage. These investments have long lead-times and action will need to start
soon to enable them to be available from the 2030s.

e Sustainable bioenergy has an important but limited role in enabling decarbonisation, met
by increasing domestic supply of energy crops and a declining long-term role for imports.

e Government should publish a common sustainability framework for biomass, along with
robust procedures for monitoring, reporting, and verification, to ensure bioenergy use is low
carbon and does not have adverse impacts such as on land use, nature, and food security.

7.7.1 Emissions in the fuel supply sector
Emissions in the fuel supply sector were 31.1 MtCO2e in 2023, 60% lower than 1990 levels.

e Emissions are currently dominated by fossil fuel production and refining, and to a lesser
extent gas distribution. They are predominantly COz2 (84%), with a smaller confribution from
methane (16%).

¢ The reduction in emissions since 1990 has been driven by an 87% reduction in methane
emissions due to the phasing out of coal production and a reduction in leakage from
natural gas supply. CO2 emissions have fallen by 33% due to reduced North Sea oil and gas
production and refining.

7.7.2 The Balanced Pathway for fuel supply

In our Balanced Pathway, fuel supply emissions are projected to fall, relative to 2023 levels, by 83%
to 5.4 MtCO2e by 2040 (the middle of the Seventh Carbon Budget period) and to 1.6 MICO2e by
2050 (Figure 7.7.1). This includes reductions in production emissions in fossil fuel supply as well as a
small amount of additional emissions in the supply of low-carbon fuels. The key values that underpin
this pathway are summarised in Table 7.7.1.
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Figure 7.7.1 Fuel supply emissions by subsector - historical
(2008-2023) and Balanced Pathway (2023-2050)
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Description: Fuel supply emissions have almost halved between 2008 and 2023, with solid fuel production (coal) almost phased out. In
the Balanced Pathway, emissions confinue fo fall, reaching close to zero by 2050.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics: 1990 to 2022; CCC analysis.

Notes: (1) Solid colours, to the right of the line, represent our modelled pathway emissions in each subsector from 2025. Pale shades, to
the left of the line, show historical subsector emissions data up to 2023 and then our modelled expectations based on existing trends
and policies for past years for which data are not yet available. (2) Emissions from biomethane injection into the gas grid are negative
as this displaces emissions from fossil gas used economy wide. These savings reduce over time as fossil gas use declines in buildings,
industry, and electricity supply, alongside infroducing carbon capture fechnology to biomethane production. We account for this
abatement in the fuel supply sector, rather than spreading it across all gas users; total economy-wide emissions are unaffected.
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Table 7.7.1
Key values in the Balanced Pathway for fuel supply

Emissions Emissions in year (MtCOze)

Change in emissions since 1990 -65% -80% -89% -93% -98%
Change in emissions since 2023 -12% -49% -73% -83% -95%
Share of total UK emissions 7% 5% 5% 5%
LGYC N Oil production (mtoe) 32 24 17 13 7
- quantity
variables Gas production (mtoe) 28 16 10 6 2
Low-carbon hydrogen production: 0 3 23 33 72
electrolysis (TWh)
Low-carbon hydrogen production: 0 11 14 26 29
methane reformation with CCS (TWh)
Electrolyser capacity (GW) 0 1 8 10 20
Methane reformation with CCS capacity 0 1 2 4 7
(GW)
Hydrogen storage capacity (TWh)* 0 <] 2 3 5-9
LGEC NI Low-carbon hydrogen production: 596 264 196 185 185
- price electrolyser (PEM) capital cost (£/kW)
variables
Low-carbon hydrogen production: 554 520 488 458 403
methane reformation with CCS capital
cost (£/kW)

Source: NSTA (2024) March 2024 Projections of UK Oil and Gas Production and Expenditure; CCC analysis.

Notes: We have blanked out the share of total UK emissions in 2050 because total UK emissions have reached Net Zero at this point. (2) All
costs are in 2023 prices. *Range for hydrogen storage capacity reflects uncertainty in the balance of gas CCS and hydrogen in low-
carbon dispatchable generation in electricity supply.

Key elements of the Balanced Pathway for fossil fuel production

Emissions are produced directly from the operation of oil and gas platforms, oil refineries, and gas
distribution. Decarbonisation of end-use sectors reduces demand for oil and gas, and the
associated refining and distribution emissions. Abatement measures are then applied to
decarbonise the remaining production activity (Figure 7.7.2).
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Figure 7.7.2 Sources of abatement in the Balanced Pathway «
for fuel supply
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Description: The largest share of emissions reduction in fuel supply is from fuel switching, and the second largest source is CCS in oil
refineries. Smaller contributions also come from reduced flaring and venting on offshore platforms, and decreased methane leakage
from gas distribution.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics: 1990 to 2022; CCC analysis.

Notes: (1) We generally account for emissions reductions due to measures to reduce demand for high-carbon activities (including low-
carbon choices and efficiencies) first, before the impact of low-carbon technologies. (2) Emissions starting point is lower than the latest
historical emissions because we account for abatement from biomethane injection into the gas grid in the fuel supply sector, rather
than spreading across all gas users; total economy-wide emissions are unaffected. (3) The increased emissions from production of low-
carbon fuels are included as a reduction in the size of the ‘Fuel switching’ wedge.

The key elements that combine to reduce emissions in fossil fuel supply are:

Reducing emissions in the baseline. Declining production from the UK's mature North Sea basin
means emissions fall in the baseline by around 40% by 2040 compared to 2025 levels, including the
production emissions from potential new oil and gas fields (see Section 10.2).

Switching away from fossil fuels across the economy (29% of emissions reduction in 2040). In the
Balanced Pathway, overall economy-wide oil and gas demand reduces by 65% from 2025 to 2040,
as end-use sectors move away from fossil fuels to low-carbon energy sources. This reduces emissions
from refining fossil fuels.

Emissions reductions in production processes and distribution (71% of emissions reduction in 2040).
After taking account of the reduction in production and refining emissions due to declining
baseline activity and cross-economy fuel switching, only around 13 MtCO2e of emissions remain by
2040. In the Balanced Pathway, around 60% of these remaining emissions are abated, meaning
overall emissions fall to 5.4 MtCO2e in 2040.

¢ Oil and gas platforms: the majority of abatement results from electrification of offshore oil
and gas platforms, and from reducing methane flaring and venting.
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— Electrification of assets such as generators and compressors on offshore platforms
delivers 1.2 MtCO2e of abatement in 2040.

— 0.4 MtCO2ze of emissions are abated by 2040 by reducing flaring and venting.

¢ OQil refineries: CCS is the main emissions reduction measure for remaining refinery
production, abating 3.6 MtCO2e in 2040. Refineries also serve the chemicals industry -
abatement of these processes is covered in Section 7.3.

¢ Gas distribution: 2.1 MtCO2e of emissions are abated in 2040 due to an overall reduction in
gas production and from a reduction in methane leakage.

Key elements of the Balanced Pathway for low-carbon fuels

In addition to decarbonising fossil fuel supply, low-carbon fuels (including hydrogen, bioenergy,
and synthetic aviation and shipping fuels) are required for use in sectors where electrification is not
feasible. This section sets out how these fuels are produced and their role in the Balanced Pathway.

Low-carbon hydrogen

The role for the hydrogen supply sector is to enable decarbonisation in the wider economy and
energy system, displacing use of unabated fossil fuels. Hydrogen will also need to be transported
and stored, to allow supply to match with demand. Our modelling co-optimises electricity and
hydrogen production, given the interactions between these two systems (see Section 7.5). Overall,
in the Balanced Pathway hydrogen demand increases to nearly 60 TWh in 2040 (see Chapter 10),
with supply primarily a mix of electrolysis (54%) and fossil methane reformation with CCS (44%), with
the remainder from bio-hydrogen.

e Electrolysis: this method produces hydrogen by using electricity to split water info its
hydrogen and oxygen molecules. When using zero-carbon electricity there are no COz2
emissions from the production process. This is the main source of hydrogen (33 TWh in 2040)
in the Balanced Pathway.

— Supply of surplus zero-carbon electricity for use in electrolytic hydrogen production is
likely to be limited, particularly in the short-to-medium term. This is due to constraints on
the roll-out of renewables and the rate of electrification of the wider economy, for
which use of zero-carbon electricity from renewables should be prioritised given the
much higher emissions-saving potential (see Chapter 10). In addition, availability of
hydrogen storage is likely to be constrained up to the 2040s.

— There is not sufficient electrolytic hydrogen to meet all hydrogen demand in our
pathway, so other sources of low-carbon hydrogen will be needed.

¢ Fossil methane reformation with CCS: this method splits methane gas molecules into CO2
and hydrogen, with CCS applied to capture 95% of the resulting emissions. While scalable, it
is not zero-carbon, so the resulting ‘blue’ hydrogen (27 TWh in 2040) helps to meet demand
and plays a role in providing flexible backup for meeting hydrogen demand in low-wind
years.

— The main constraint on blue hydrogen production is the availability of CCS. In the
Balanced Pathway, blue hydrogen production is situated in industrial clusters and
becomes available as CCS is deployed from 2028.

— The emissions impact of blue hydrogen production is limited (less than 0.5 MtCOze in all
years to 2050 in the Balanced Pathway - see Figure 7.7.1). These increased emissions
are captured within the fuel switching category in Figure 7.7.2, and they are offset by
engineered removals in our overall pathway (see Section 7.12).
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Biomass gasification with CCS: in this method, biomass is gasified to produce bio-hydrogen,
with the biogenic CO2 being captured and stored. This therefore provides a source of CO2
removals. Bio-hydrogen production is not projected to comprise a major proportion of
future hydrogen supply (2 TWh in 2040), due to constraints on sustainable biomass feedstock
availability and alternative uses in other forms of bioenergy with CCS (BECCS - see below).
However, keeping open the option of deploying bio-hydrogen will be important given the
value of the CO2 removals it provides.

Hydrogen infrastructure: a new infrastructure for tfransportation and storage of hydrogen will
be required for the delivery of the Balanced Pathway, to connect supply and demand
both geographically and over time.

— Networks: a hydrogen fransmission network will be needed to connect production with
sources of storage and demand, and fo provide system resilience and encourage
competition between hydrogen producers.

* We have modelled a transmission network which connects industrial clusters,
starting in the north of England in the early 2030s and expanding to Scotland,
Wales, and other parts of England over the remainder of the decade.

* Outside of some localised industrial applications we do not model a hydrogen
distribution network. Given the declining role of natural gas, in the longer term the
gas distribution network will likely need to be decommissioned.

— Storage: there will be an important role in the future energy system for long-term
storage of both natural gas and hydrogen. These will help provide low-carbon sources
of generation for balancing the electricity system and managing low-wind periods,
through use in gas CCS and hydrogen power stations (see Section 7.5). The Balanced
Pathway has 3 TWh of hydrogen storage in 2040, primarily provided by salt caverns. This
storage capacity could increase three-fold by 2050, depending on the balance of
hydrogen-powered electricity in low-carbon dispatchable electricity generation.

Bioenergy supply

Sustainable bioenergy plays an important role in the Balanced Pathway and, when combined with
CCS, can provide a valuable source of CO2 removals. However, supply of sustainable bioenergy is
likely to be limited both in the UK and globally, meaning that its use must be prioritised in the
highest-value applications and sustainability standards must be met. Sustainable bioenergy
depends on minimising losses of land carbon stocks, supply chain emissions, and adverse
biodiversity and land use impacts. The Balanced Pathway shows overall primary domestic
bioenergy supply growing to around 100 TWh in 2040 (Figure 7.7.3), driven by increasing energy
crop production and diversion of waste materials. We assume a declining role for imported biomass
in the longer term, given global governance and sustainability challenges.
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Most growth in domestic bioenergy supply comes from increasing production of perennial
energy crops (miscanthus, short rotation coppice, and short rotation forestry - see

Section 7.4), with smaller contributions from forestry and agricultural residues, and waste
materials.

Domestic feedstocks are expected to play a larger role than biomass imports, with a
declining role for imports. The share of domestic bioenergy supply grows from around 60% in
2025 to 85% in 2040. By 2050, net imports are close to zero.

Total bioenergy supply is around half the level assumed in our Sixth Carbon Budget advice,
reflecting limited progress in free planting, lower estimates of forestry residue availability,
and an approach to minimise imports considering land use and biodiversity implications
(see Section 7.4).
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Figure 7.7.3 Domestic bioenergy supply to 2050 in the «
Balanced Pathway
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Description: By 2050, the two largest sources of supply are domestic energy crops and biogenic waste, with remaining supply from
forestry residues, waste wood, biofuels, and biogas. Imports reduce to near zero by 2050.

Source: CCC analysis.

Notes: (1) Bioenergy and biogenic waste given as primary resource in terms of their higher heating values (HHV). (2) Imports of biomass
and biofuels could be net depending on the level of exports.

Synthetic fuel production

Synthetic fuels combine low-carbon hydrogen with a source of CO2recovered from the
atmosphere (via direct air capture, for example) to make a carbon-neutral fuel. In the Balanced
Pathway, 13 TWh of synthetic fuels are produced in 2040, which requires 18 TWh of low-carbon
hydrogen and 3 MtCO2 of COz2 via direct air capture (see Section 7.12). Under current accounting
rules, we assume these fuels are produced domestically (Box 7.7.1).

e Production of synthetic fuels requires a combination of physically inefficient processes: for
example, catalytically converting low-carbon hydrogen and captured COz2 into syngas,
and then fransforming the syngas into liquid hydrocarbon fuels via a Fischer-Tropsch
process. Given these energy conversion losses, synthetic fuels are likely to remain expensive,
particularly compared to DACCS (see Section 7.6 and Section 7.12).

¢ Deployment of synthetic fuels will therefore be limited both by the availability of the
required inputs and by cost. As a result, they are only likely to be economical for use in
extremely high-value activities or where their use displaces high-carbon alternatives for
which other low-carbon options are not yet available (for example, aviation).

* As costs and fechnology development are uncertain, we include some synthetic fuels in the

Balanced Pathway for both aviation and shipping, to reflect the value in maintaining
optionality in the pathway optionality at this stage (see Section 7.6 and Section 7.10).
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Box 7.7.1

Definition and accounting of synthetic fuels

We define synthetic fuels as those produced using hydrogen and a source of carbon recovered from the
atmosphere (via direct air capture, for example). They are liquid hydrocarbons that can directly replace
fossil fuels in jet engines and shipping vessels.

¢ We use the term ‘synthetic fuels’, but in other studies these fuels have also been called synfuels,
electro-fuels, e-fuels, synmethanol, and power-to-liquid (PtL) fuels.

* Synthetic fuels are distinct from other types of alternative low-carbon fuels, including bio- and waste-
based fuels and ammonia.

The deployment of synthetic fuels in the Balanced Pathway is influenced by the current international
emissions accounting framework:

¢ Aviatfion and shipping fuels are presently supplied from global markefts.

e |tislikely that the most competitive locations to produce synthetic fuels in the future will be where
there is access to abundant low-cost renewable energy and large-scale fuel production supply
chains, supplying global markets including import to the UK.

¢ However, infernational emission accounting rules for synthetic fuels are currently unclear. They could
require emissions savings for captured carbon to be counted in the country where the capfure takes
place. This would mean emissions savings from synthetic fuels are counted in the producing country
not the place of fuel combustion (this does not apply to other low-carbon fuels that are not based
on captured carbon, including biofuels, hydrogen, and ammonia).

* |n the Balanced Pathway, we have assumed that all synthetic fuel used in the UK is produced
domestically, enabling the emissions savings to contribute to UK emissions reduction.

* These rules may be clarified in future to facilitate cost-effective international trade in synthetic fuels
and the associated emissions savings between producing and consuming countries, and to better fit
with international aviation (ICAO) and shipping (IMO) frameworks. The Committee will monitor any
developments and update our pathway accordingly as and when appropriate.

Imported fuels

The maijority of fuels currently used in the UK are tfraded internationally, and the UK is a net importer
of both oil and gas (see Chapter 10).137 In addition, electricity is fraded through interconnection
with European countries. The future role for internationally fraded low-carbon commodities is
unclear, given uncertainty around policy, fechnology development, costs, and demand, both in
the UK and globally. Our approach to imports in the Balanced Pathway varies by type of low-
carbon fuel:

¢ Ammonia: given the global nature of the shipping market, shipping fuels are currently
predominantly supplied via international bunkering hubs. The Balanced Pathway assumes a
continuation of this approach, with ammonia for use in shipping similarly supplied by the
international market. This therefore means domestic hydrogen is not required for production
of ammonia for use in UK shipping in our pathway.

* Biofuels: a proportion of SAF production, well below the upper limit in the existing SAF
mandate (35% in 2040), is assumed to be based on HEFA biofuels, some of which we
assume to be imported. 38 This helps manage the sector’s transition away from fossil fuels
and increases diversity of SAF production routes (across biomass, waste, and synthetic
fuels).

e Biomass: there is a limited and declining role for biomass imports as domestic supply
increases to meet sector needs over fime.
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¢ Hydrogen: given its low energy density, hydrogen is relatively difficult and costly to
fransport. Our modelling therefore assumes hydrogen is produced domestically. However,
there is potential for imports of electricity (fo produce green hydrogen) or fossil gas (to
produce blue hydrogen) to be used in production of hydrogen.

¢ Synthetic fuels: given current emissions accounting rules, we assume these are produced
domestically (Box 7.7.1). In the Balanced Pathway, these fuels are used in aviation and
shipping. Because these are global sectors, and given the underlying economics of
synthetic fuel production, in practice it is likely that most synthetic fuels will be imported.

7.7.3 Costs and cost savings

Delivering the Balanced Pathway for fuel supply results in a net cost to the economy compared to
the baseline (Figure 7.7.4). This is mostly driven by the costs associated with expanding supply of
low-carbon fuels, with additional costs coming from decarbonising fossil fuel supply.”

Figure 7.7.4 Costs and cost savings in the Balanced Pathway «
for fuel supply, compared to the baseline

Additional cost (€Ebn/yr)

2025 2030 2035 2040 2045 2050
mmmm Bioenergy supply capex mmmm Fossil fuel supply capex
Low-carbon hydrogen supply capex mmmm Synthefic fuels capex
wz Bioenergy supply opex weses Fossil fuel supply opex
Low-carbon hydrogen supply opex wase Synthetic fuels opex
Net cost

Description: Fuel supply capital and operating expenditure are positive throughout the Balanced Pathway and increase over time,
driven mainly by the costs associated with low-carbon hydrogen supply and synthetic fuel production in the final years of the pathway.
Source: CCC analysis.

Notes: (1) Capex is additional capital expenditure and opex is additional operating expenditure. Both are additional in-year costs in
2023 prices, relative to a baseline of no further decarbonisation action. (2) Capital expenditure for fossil fuel production is front-loaded
predominantly for electrification of offshore assets. (2) Low-carbon hydrogen investment begins in the late 2020s and is steady though
to 2045 before gas network infrastructure decommissioning costs begin to be incurred. (3) Bioenergy production capital expenditure
(without CCS) is low and steady throughout the period.

" To avoid double counting of low-carbon fuel costs, in our economy-wide analysis, the costs of supplying low-carbon fuels
are only captured within end-use sectors and not in fuel supply. Therefore, the fuel supply confributions to the analysis in
Chapter 4 only include the costs associated with decarbonising fossil fuel supply. By contrast, Figure 7.7.4 shows all costs
associated with the fuel supply sector.
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7.7.4 Key actions required to deliver the Balanced Pathway for fuel supply

Delivering the Balanced Pathway in the fuel supply sector will require policy to incentivise the
decarbonisation of fossil fuel production, and to bring forward the supply of low-carbon fuels. The
key actions that are needed are as follows:

¢ Ensure incentives are in place for electrification of oil and gas platforms and CCS use in
refineries.

— The North Sea Transition Authority (NSTA) has announced plans for new offshore oil and
gas platforms built from 2030 to be fully electrified, and for new platforms built before
2030 to be electrification ready.?? Technical deployment scenarios developed by the
NSTA estimate first power beginning between 2029 and 2032.14° Further action to
remove barriers around grid connections and consenting pathways will be needed, for
both new and existing offshore platforms.

— Funding for CCS Track 1 clusters has been confirmed, but these do not include any
refinery CCS projects. These should be developed for the next round of CCS clusters. 4!

¢ Ensure rapid development of hydrogen infrastructure (including storage and networks). This
has long lead-times and therefore low-regret developments need to be fast-tfracked in
order to be available in the 2030s.

*  Work with communities, workers, and businesses in the oil and gas indusiry fo develop
proactive transition plans that enable access to secure employment and business
opportunities. These efforts should feed into local or regional plans. Plans will also be
needed for the future of the gas distribution network, which may need to begin
decommissioning before 2050.

* Publish a common sustainability framework for biomass, along with robust procedures for
monitoring, reporting, and verification. This should prioritise domestic supply and should
provide clarity on which feedstocks are provably sustainable, both in terms of their climate
impact and interactions with wider environmental objectives.

/.8 Waste

Key messages

Today: the waste sectoris currently the eighth highest-emitting sector in the UK economy. In 2022,
waste accounted for 6% of UK emissions, 24.9 MtCO2e.”

CB7 period: by 2040, waste emissions fall by 67% in the Balanced Pathway, relative to 2022. Waste
will account for around 8.3 MtCO2e of UK GHG emissions and will be the UK's sixth highest-emitting
sector.

By 2050: emissions will have fallen primarily through increased recycling, waste prevention, and

CCS. This is one of the sectors with remaining emissions in 2050, from hard-to-abate processes in
wastewater, legacy landfill emissions, and uncaptured CO2 from energy from waste (EfW).

“ Provisional 2023 emissions data are not used as these are not available for GHGs other than CO2, which make up the
majority of emissions in this sector.
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Our key messages are:

* Recycling rates, which have stalled since 2010, will need to increase to 68% by 2035.
Planned policies are unlikely to achieve this. Greater clarity is required on government plans
around recycling, reuse, and resource efficiency.

e Local authorities, who manage around 40% of waste, will need funding and policy certainty
to deliver improved recycling and manage additional costs from using CCS with Efw. 142143

¢ New EfW plants should only be licensed if a viable route to connecting to CCS can be
established. Continuing to build EfW without access may lead to stranded assefts.

* Investment in the wastewater sector is needed to roll out technologies such as advanced
anaerobic digestion to both municipal and industrial wastewater treatment plants.
Improvements in wastewater freatment can also help prevent sewage spills, improving
water quality in UK rivers.

7.8.1 Emissions in waste

Waste is split into two categories: fossil waste from fossil-carbon sources, for example plastics; and
biogenic waste from biological sources, for example food waste. Fossil waste generates COa. By
contrast, biogenic waste returns to the atmosphere the CO2 that was absorbed when the biogenic
material was grown, leading to no new emissions, unless the waste decomposes into methane. This
occurs when biogenic waste is sent fo landfill.

Emissions from EfW are included in the waste sector as the primary use of EfW is fo manage waste.
However, the electricity generated from EfW plants is included as part of the electricity generation
mix (see Section 7.5).

Emissions in waste were 24.9 MtCOze in 2022. This is 66% lower than 1990 levels. 44

* The largest share of emissions comes from landfill methane emissions. In the last ten years,
EfW has become the second largest share of emissions, superseding wastewater.

*  Waste sector emissions fell significantly between 2000 and 2014 as the UK’s landfill tax
reduced biodegradable waste being landfilled. 4>

e Landfill methane capture rates also increased significantly in the period up to the early
2010s, due to policy support provided under the Renewables Obligation scheme. 146

*  Wastewater treatment has seen modest improvements in emissions as sewage treatment
has shifted to improved anaerobic digestion systems. 47

¢ Inthe last ten years, progress in decarbonising the waste sector has stalled. Recycling rates

have plateaued and a continued decrease in methane emissions from landfill has been
offset by an increase in emissions from incineration, mostly Efw.148

7.8.2 The Balanced Pathway for waste

In our Balanced Pathway, waste emissions are projected to fall, relative to 2022 levels, by 67% to
8.3 MtCO2e by 2040 (the middle of the Seventh Carbon Budget period) and to 5.1 MiICO2e by 2050
(Figure 7.8.1). The key values that underpin this pathway are summarised in Table 7.8.1.

" This estimate is based on a comparison of Defra’'s 2024 UK statistics on waste and Local authority collected waste
management publications.
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Figure 7.8.1 Waste emissions by subsector - historical
(2008-2022) and Balanced Pathway (2025-2050)
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Description: The largest share of waste emissions comes from landfill, followed by energy from waste (EfW) and wastewater. In the
Balanced Pathway, emissions fall fo close to zero across most subsectors. Residual emissions from wastewater, legacy landfill emissions,
and uncaptured carbon from energy from waste remain in 2050.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; CCC analysis.

Notes: (1) Solid colours, to the right of the line, represent our modelled pathway emissions in each subsector from 2025. Pale shades, to
the left of the line, show historical subsector emissions data up to 2022 and then our modelled expectations based on existing frends
and policies for past years for which data are not yet available. (2) Provisional 2023 emissions data are not used as these are not
available for GHGs other than CO2, which make up the majority of emissions in this sector.

Table 7.8.1
Key values in the Balanced Pathway for waste

Emissions Emissions in year (MtCO2¢e) 25.3 18.8 12.3 8.3 5.1

Change in emissions since 1990 -65% -74% -83% -89% -93%

Change in emissions since 2022* +2% -24% -50% -67% -79%

Share of total UK emissions 6% 6% 7% 8%

UK combined recycling rate 47% 57% 68% 67% 67%

LG NEE Share of EfW capacity with CCS 0% 22% 47% 80% 100%
- quantity
variables Per-capita food waste reduction from 2021 | 17% 39% 42% 45% 51%

Near elimination of waste from landfill 2028: biodegradable waste | 2045: all waste

Source: CCC analysis.

Notes: We have blanked out the share of total UK emissions in 2050 because total UK emissions have reached Net Zero at this point. All
costs are in 2023 prices. *There is a small increase in emissions before 2025, due to projected growth in energy from waste (EfW) based on
recent trends. 1The combined recycling rate is the recycling rate for waste from households and waste from commercial and industrial
waste combined. The recycling rate in our modelling falls by 0.1% between 2035 and 2040 as waste arisings continue to increase with
population growth but there are no further improvements in recycling after 2035. This is enough to reduce the rounded figure by 1%.
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Key elements of the Balanced Pathway for waste

The largest share of emissions reduction in the Balanced Pathway for waste comes from reducing
waste sent to landfill and to EfW. This is achieved by resource efficiency, increased recycling rates,
and a reduction in food waste. In addition, CCS is installed to capture 20-95% of emissions from EfW
(Figure 7.8.2).

Figure 7.8.2 Sources of abatement in the Balanced Pathway ‘«
for waste
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Description: The largest share of emissions reduction in waste is from waste reduction. Contributions also come from CCS at EfW plants,
improved landfill methane capture, and wastewater tfreatment, with minor contributions from composting improvements.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; CCC analysis.

Notes: (1) Historical emissions are shown only to 2022 because provisional 2023 emissions data are not published for GHGs other than
CO2, which make up the majority of emissions in this sector. (2) We generally account for emissions reductions due to measures to
reduce demand for high-carbon activities (including low-carbon choices and efficiencies) first, before the impact of low-carbon
technologies. In 2028, abatement from waste reduction reduces in the short term due to the near elimination of biodegradable waste
sent to landfill before action on resource efficiency and recycling is sufficient to counteract the shift of biodegradable waste from
landfill to EfW. In 2045, the near elimination of all waste to landfill is introduced, which also increases waste to EfW, leading to further
abatement from CCS.

The key measures that combine to reduce emissions in waste are:

Waste reduction from waste prevention, recycling, and diverting waste from landfill (61% of
emissions reduction in 2040). Emissions decrease as the amount of waste sent for disposal
decreases. This is achieved by increased recycling rates, improving resource efficiency, reducing
food waste, and a near elimination of waste sent to landfill.

¢ Resource efficiency improvements lead to a 5% decrease in total non-food related waste

by 2040. Resource efficiency measures in the construction, vehicles, and textiles
manufacturing sectors have the largest impact on waste arisings.
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¢ Food waste reductions by 2030 are consistent with the UN Sustainable Development
Goal 12.3.149:150:151:152 Qur pathway sees a 39% reduction in total food waste per capita by
2030 and a 45% reduction by 2040, from 2021 levels.

— The proportion of food waste collected for anaerobic digestion increases from roughly
60% in 2024 to 90% in 2030, enabled by mandatory weekly household food waste
collections in England due to be introduced from 2026.153 The rest of the UK already
collects household food waste separately. In Wales and Northern Ireland, all
households have separate food waste collections, and Scotland has a statutory
requirement to collect household food waste separately.!>4

¢ The Balanced Pathway assumes a significant improvement in combined recycling rates
across household and non-household waste to 68% by 2035, up from 47% in 2021.

— This will require the UK household recycling rate to increase from the current 45% (2021)
to 57% by 2035, a rate already achieved in Wales. 55

— The recycling rate for non-household waste needs to increase from an estimated 49%
in 2021 to 74% by 2035.%156:157:158 Commercial and industrial waste has a higher potential
for recycling than other non-household waste due to higher purity.

¢ The near elimination of biodegradable waste sent to landfill is assumed from 2028, in line
with the UK Government’s proposed ambition for England.!>? The near elimination of all
waste sent to landfill is assumed from 2045, in line with the date at which CCS is installed in
most EfW plants.

CCS at EfW plants (25% of emissions reduction in 2040). CO2 emissions decrease through waste
reduction and installation of CCS.

¢ Roll-out of EfW with CCS starts in 2028, with two plants in the HyNet cluster due to come
online in the late 2020s.1¢0 EfW with CCS increases throughout the 2030s as EfW without CCS
declines, until there are no EfW plants without CCS by 2045.

e CCS will likely be more economically viable for EfW plants located near industrial clusters
with access to CO2 storage locations. Currently, the majority of EfW plants (we estimate
around 83%) are located away from industrial clusters, while the minority (around 17%) are
located near industrial clusters.

— Plants located outside industrial clusters would require pipework construction to link the
plant to the nearest CCS infrastructure network, or non-pipeline transport options,
pushing up the cost of decarbonisation.

— Our modelling does not include any options for carbon capture and use (CCU), where
carbon emissions are permanently stored through mineral carbonation, although this

could play arole.

e CCSisassumed to capture 90% of CO2 emissions until 2040 and 95% of CO2 emissions from
2041, which explains some of the residual waste emissions in 2050.

¢ Thereis an overall decrease in EfW capacity from current levels as the amount of waste
disposed of in EfW plants falls due to improvements in recycling and reuse.

e Burning biodegradable waste in an EfW plant fitted with CCS delivers CO2 removals
(BECCS). Our waste pathway delivers around 5 MtCO-ze of removals by 2050.

* Commercial and industrial waste, and non-household municipal waste.
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— These removals balance out the residual emissions remaining in the waste sector. These
residual emissions mostly come from hard-to-abate process emissions in wastewater,
mechanical biological treatment, legacy methane emissions from landfill, and
uncaptured CO2 from EfW with CCS.

— We account for abatement from BECCS in the engineered removals sector (see
Section 7.12), rather than the waste sector.

Landfill methane capture (9% of emissions reduction in 2040). Even with decreasing use of landfill

for disposal, legacy methane emissions will need to be addressed by improving methane capture
rates for use in power or in the gas grid, while feasible. Landfill methane capture rates increase to
80% by 2050.

Wastewater freatment improvements (5% of emissions reduction in 2040). Nifrous oxide emissions
from industrial and municipal wastewater treatment are addressed through covering and
containment, technologies such as membrane aerated biofilm reactors, and enhanced emissions
monitoring. Methane emissions are addressed through the deployment of advanced anaerobic
digestion and upgrading biogas to biomethane for use as a natural gas substitute.

e Advanced anaerobic digestion is already in widespread use, deployed across half of
wastewater freatment sites. ¢! In our pathway, it is rolled out to all plants by 2030.
Membrane aerated biofiim reactors are rolled out from 2030 to 10% of sites by 2045.

¢ Enhanced monitoring and real-time confrol reduce emissions by allowing identification and
freatment of issues within freatment plants. Digital twins (virtual models of treatment plants
based on real-fime data) reduce process emissions through optimisation. These measures,
along with biomethane gas to grid and covering and containment, are rolled out from 2025
to 70% of sites.

e Industrial wastewater improvements lag five years behind the earliest deployment in the
municipal wastewater sector due to reduced incentives and regulatory pressure.

Composting improvements (1% of emissions reduction in 2040). Composting plays an important
part in recycling food and garden waste. The use of pumped air to improve compost aeration and

product quality is rolled out to appropriate sites.

* Around 30% of composting sites are suitable for aeration, which is rolled out to all these sites
by 2030.

7.8.3 Costs and cost savings

Delivering the Balanced Pathway for waste results in a net cost to the economy compared to the
baseline (Figure 7.8.3). This cost is dominated by CCS installations at EfW plants, with smaller
contributions from recycling infrastructure and wastewater improvements.

The Seventh Carbon Budget 249



Figure 7.8.3 Costs and cost savings in the Balanced Pathway «
for waste, compared to the baseline

Additional cost (Ebn/yr)
N
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mmm | ondfill and recycling capex mm EfW capex
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gz Landfill and recycling opex s EfW opex
sz Composting opex Wastewater opex
Net cost

Description: The Balanced Pathway for waste results in a net cost to the economy, the majority of which comes from energy from waste
(EfW) with carbon capture and storage (CCS).

Source: CCC analysis.

Notes: (1) Capex is additional capital expenditure and opex is additional operating expenditure. Both are additional in-year costs in
2023 prices, relative to a baseline of no further decarbonisation action. (2) There are two spikes of high additional capex in our pathway
caused by landfill bans, in 2028 and in 2045, which increase the waste sent to EfW plants, particularly in 2028 when waste reduction
efforts are still scaling up. (3) Capex and opex for landfill and recycling include costs from landfill, landfill methane capture, and
recycling.

7.8.4 Key actions required to deliver the Balanced Pathway for waste

Delivering the Balanced Pathway in waste will depend on a combination of effective government
policy and action from households and businesses. Consistent policy will enable public and private
bodies to make long-term decisions on waste infrastructure, moving away from EfW and landfill to
increased recycling and reuse. Improving household and business waste separation will enable
appropriate recovery and/or disposal. Delivery of CCS technology and infrastructure will then
enable lower emissions if disposal is necessary. The key actions that are needed are as follows:

¢ Ensure policies enabling improved recycling and waste reduction are in place ahead of
the near elimination of biodegradable waste sent to landfill and the inclusion of EfW in the
UK ETS. This should include improving waste collections to ensure better consistency across
the country.

* Prevent EfW capacity expansion unless a viable route to connecting CCS can be
established. EfW plants will need access to CCS infrastructure in order to decarbonise.

Building new plants in areas where this is noft likely to be viable may lead to stranded assets.

¢ Enable improved monitoring of wastewater emissions and encourage investment in
technology development and deployment to reduce emissions from wastewater.
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¢ Provide funding and policy certainty for local authorities. Around 40% of waste is managed
by local authorities. Supporting them to improve recycling through policy certainty and
improved long-term funding will be key to decarbonising the waste sector.

/.9 Non-residential buildings

Key messages

Today: non-residential buildings is currently the ninth highest-emitting sector in the UK economy. In
2023, non-residential buildings accounted for 5% of UK emissions, 20.8 MtCOze.

CB7 period: by 2040, non-residential buildings emissions fall by 87% in the Balanced Pathway,
relative to 2023. Non-residential buildings will account for 2.7 MtCO2e of UK GHG emissions and will
be the UK's 10th highest-emitting sector.

By 2050: this sector can almost completely decarbonise through rapid electrification.
Our key messages are:

* Heat pumps are suitable for the vast majority of non-residential buildings. They can be
deployed individually within buildings or at a larger scale to supply a heat network where
heat is distributed fo a number of buildings. The exact mix is uncertain.

¢ The public sector decarbonises heating earlier than the commercial sector, with
government leading by example and providing confidence to help develop heat pump
supply chains and anchor loads for heat networks. Long-term commitments and funding
are necessary to back the public sector’'s decarbonisation aims.

¢ The high price of electricity compared to gas is a barrier to heat pump uptake. The
Government should address the balance of policy costs, shifting these away from electricity
prices. It should also consider if further policy is needed to drive the fransition in the
commercial sector.

e Energy efficiency measures are cost effective now and many are cost saving, so should be
deployed rapidly.

7.9.1 Emissions in non-residential buildings

Emissions in non-residential buildings were 20.8 MICO-2e in 2023. This is 27% lower than 1990 levels.
Non-residential buildings currently account for 5% of UK emissions.

¢ Reductions in emissions have been driven by the public sector, where emissions have fallen
by 47% since 1990. The majority of these reductions took place between 1990 and 2014,
with emissions having been relatively flat over the past decade.

— Reductions between 1990 and 2014 were driven largely by improvements in energy
infensity. 162

— The Government aims to build on this by reducing emissions from public sector
buildings by 75% by 2037, compared to a 2017 baseline. So far, emissions have fallen by
around 9% since 2017, which is partly due to warmer-than-average temperatures and
a possible contribution from high gas prices in recent years.
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¢ Emissions in the commercial sector remain at a similar level to 1990. Improvements in the

energy intensity of commercial buildings have been offset by growth in the commercial
sector.163:164;165

7.9.2 The Balanced Pathway for non-residential buildings

In our Balanced Pathway, non-residential building emissions are projected to fall, relative to 2023
levels, by 87% to 2.7 MtCO2e by 2040 (the middle of the Seventh Carbon Budget period) and to

0.7 MtCO2e by 2050 (Figure 7.9.1)." The key values that underpin this pathway are summarised in
Table 7.9.1.

Figure 7.9.1 Non-residential buildings emissions by subsector - '«
historical (2008-2023) and Balanced Pathway (2025-2050)
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Description: More than half of non-residential buildings emissions are currently from commercial buildings, with the remainder from
public buildings. Emissions fall rapidly in the Balanced Pathway, and reach close to zero by 2050.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; CCC analysis.

Notes: (1) Solid colours, to the right of the line, represent our modelled pathway emissions in each subsector from 2025. Pale shades, to
the left of the line, show historical subsector emissions data up to 2023 and then our modelled expectations based on existing trends
and policies for past years for which data are not yet available. (2) The grey line shows temperature-adjusted historical emissions.

" The residual emissions consist of 0.3 MtCOze from remaining use of anaesthetics and 0.4 MtCOze from minor energy uses
that have not been fully modelled. It should be possible to reduce emissions to less than 0.7 MICO-e by 2050.
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Table 7.9.1
Key values in the Balanced Pathway for non-residential buildings

2025

Emissions Emissions in year (MtCO2e)

Change in emissions since 1990 -24% -48% -78% -90% -98%
Change in emissions since 2023* +3% -29% -70% -87% -97%
Share of total UK emissions 5% 5% 3% 3%

Share of commercial heat that is delivered | 35% 42% 69% 83% 100%

by low-carbon technologyt

Key drivers

. Share of public sector heat that is 3% 22% 70% 95% 100%
- quantity

delivered by low-carbon technology?

variables

Energy savings due to additional energy 2.1 34.5 50.7 52.6 56.5
efficiency (TWh)

Additional cost of an air-to-water heat 63.2 59.1 54.7 52.0 47.6
pump over a gas boiler (levelised cost
(OGN £/MWh)E

- price

variables Additional cost of an air-to-water heat 48.9 41.7 37.4 34.7 30.4
pump over an oil boiler (levelised cost
£/MWh)#

Source: CCC analysis.

Notes: We have blanked out the share of total UK emissions in 2050 because total UK emissions have reached Net Zero at this point. All
costs are in 2023 prices. *Emissions in 2023 were lower than expected due to a warmer-than-average year and high energy prices. tThe
share of heat delivered by low-carbon technology includes heat pumps, low-carbon heat networks, electric resistive heating, and
biomass boilers. 1The additional cost of an air-to-water heat pump compared to technologies it replaces is presented as a levelised cost
per unit of heat delivered. This is over the lifefime of the technology and includes the upfront installation cost and ongoing fuel costs and
maintenance costs.

Key elements of the Balanced Pathway for non-residential buildings

The largest source of emissions reduction is the electrification of heating. There are also significant
emissions reductions associated with deploying energy efficiency measures (Figure 7.9.2).
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Figure 7.9.2 Sources of abatement in the Balanced Pathway m
for non-residential buildings
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Description: The largest share of emissions reduction in non-residential buildings is from the switch to low-carbon electric heating,
followed by energy efficiency improvements. Contributions also come from the electrification of catering and other fossil fuel
equipment and reduced emissions from anaesthetics.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; CCC analysis.

Notes: (1) The chart includes historical data both for actual emissions and temperature-adjusted emissions, which account for the
impact of year-to-year fluctuations in femperature on heating demand. (2) Our analysis for this sector was based on commercial and
public building energy demands in 2022, which is why there is a small gap between the starting point for our analysis and the latest
actual emissions data. (3) We generally account for emissions reductions due to measures to reduce demand for high-carbon activities
(including low-carbon choices and efficiencies) first, before the impact of low-carbon technologies. (4) Low-carbon heating is mostly
electric, but also includes a small amount of low-carbon heat coming from waste heat used in heat networks in addition to electricity.

The key measures that combine fo reduce emissions in non-residential buildings are:

Low-carbon heating (49% of emissions reduction in 2040). Current heating systems are replaced by
low-carbon alternatives, where this is not already the case. Most heating is delivered by efficient
heat pumps, whether this be through a district heat network or individual systems. By 2040, 88% of
non-residential heating is delivered by low-carbon sources, compared to 24% today.

* The exact mix between heat networks and individual low-carbon heating systems will
depend on a range of factors and decisions around planning. We present an illustrative
mix. In both cases, heat pumps are the main source of heat.

¢ Heat networks involve generating heat in a centralised location and then distributing it to
nearby buildings. They are suited to areas with high heat densities. Non-residential buildings
with high heat demands can play an important role in providing anchor loads for networks
that also serve residential buildings. Heat networks deliver 22% of heat demand in non-
residential buildings by 2040 in the Balanced Pathway.
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¢ Among the share of non-residential buildings not assigned to heat networks in our Balanced
Pathway, we consider the suitability of different technologies - based on existing heating,
ventilation, and air conditioning (HVAC) systems in the stock - and choose the most cost-
effective option where multiple choices are available.

— Gas and oil boilers are generally replaced by air-to-water heat pumps which, are the
main alternative where there is a wet distribution system. 66 Around 80% of non-
residential heat demand that is not currently provided by a low-carbon heat
technology is in a building with a wet distribution system. Air-to-air heat pumps could
be an alternative option, with the additional benefit of also being able to provide
cooling. These may be taken up if their lower unit costs compared to air-to-water heat
pumps were sufficient to compensate for the additional cost, disruption, and risk in
changing distribution systems.

— Existing electric resistive heating with a dry distribution system is replaced by efficient
air-to-air heat pumps which can provide heating and cooling, can be cost saving, and
are already widespread in some commercial segments.

— Localised gas heating systems convert to cost saving air-to-air heat pumps (in place of
local gas warm air heating) and to electric resistive heating (in place of gas radiant
heating).

— Biomass boilers are replaced by air-to-water heat pumps, freeing up biofuels for use
where there are fewer alternatives (see Section 10.2).

e Heat pump installations pick up pace from the late 2020s as supply chains develop. In the
public sector, the growth is rapid, plateauing by around 2038. The growth is more gradual in
the commercial sector, with new installations continuing through to the mid-2040s.

¢ The Balanced Pathway includes some limited early scrappage, meaning that some gas
and oil boilers are replaced before the end of their expected lifetime. In the public sector,
gas boilers are replaced four years before the end of their expected lifetime, from 2028,
while in commercial buildings we assume replacements happen two years early, from 2032.
This earlier scrappage in the public sector reflects the aim for it to lead in decarbonising
and scaling up supply chains for low-carbon heating.

Energy efficiency (35% of emissions reduction in 2040). Deployment of a wide range of measures
across various uses (including heating, ventilation, and catering) saves energy use in public and
commercial buildings.

¢ The Balanced Pathway assumes that all cost-effective energy efficiency measures are
taken up by 2032, since these are established technologies and complement the
installation of low-carbon heating. Energy efficiency measures continue to provide energy
savings of 31% in public buildings and 22% in commercial buildings out to 2050.

* Energy management and building instrumentation and control measures (for example,
building management systems, zone and fiming confrols, and management practices)
account for 60% of energy efficiency emissions reductions in the Balanced Pathway.

e Building fabric measures, such as insulation, contribute around 26% of energy efficiency
emissions reductions. The remaining 14% of energy efficiency emissions reductions come
mainly from heating and hot water measures.

* In addifion to reducing fossil fuel use and delivering emissions savings, energy efficiency
measures lead to a reduction in electricity demand. This is from the measures described
above (where there is currently electric heating), plus a range of electrical efficiency
measures such as in ventilation and lighting.
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Electrification of catering (9% of emissions reduction in 2040). Electrification of catering comes from
replacing gas and oil catering equipment with electric equivalents. For all types of catering
equipment, replacements are electric by 2030 at the latest. By 2040, the vast majority of catering
equipment in use is electric.

Electrification of other uses of fuels (5% of emissions reduction in 2040). Remaining fossil fuel uses in
hospitals and leisure facilities are fully electrified by 2045.

Anaesthetics (1% of emission reduction in 2040). The Balanced Pathway includes a 40% reduction in
nifrous oxide emissions from anaesthetics used in healthcare by 2032 compared to levels in 2019/20,
through the use of waste reduction measures. This is in line with what the NHS expects to be
achievable while maintaining patient care.

7.9.3 Costs and cost savings

Delivering the Balanced Pathway for non-residential buildings results in a net cost to the economy
compared to the baseline (Figure 7.9.3). Investment in energy efficiency and low-carbon heating
lead to capital costs which decrease over time. Energy efficiency improvements provide sustained
operating cost savings, as do some of the electrification measures.

Figure 7.9.3 Costs and cost savings in the Balanced Pathway '«
for non-residential buildings, compared to the baseline

AN

KVV:’{/?’?

%997 oy
1
0 l| IIII.. L~

X

i
o]

N
oy
oy
N
N
=
N
.

§

AR
SRS

Additional cost (Ebn/yr)

\
RIS
RN
AR
AN
.
AN
AN
EANAA
AR
A
AR
AN
ENR
AR
R
AN
SR
AN
AR
BN

2025 2030 2035 2040 2045 2050

L ow-carbon heating capex mmmm Catering/other electrification capex
mmm Fnergy efficiency capex e Low-carbon heating opex

wsee Catering/other electrification opex s Energy efficiency opex

Net cost

Description: Capital costs are high up to 2032 with the installation of energy efficiency measures and the early part of heat
electrification. Capital costs are more stable after this point, and sustained operating cost savings from energy efficiency lead to a
roughly cost-neutral pathway in later years.

Source: CCC analysis.

Notes: (1) Capex is additional capital expenditure and opex is additional operating expenditure. Both are additional in-year costs in
2023 prices, relative to a baseline of no further decarbonisation action. (2) Capital expenditure is incurred when a technology is first
installed, but also when that technology needs replacing at the end of its lifetime (which accounts for the increase in capex again in
the late 2040s).
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7.9.4 Key actions required to deliver the Balanced Pathway for non-
residential buildings

Delivering the Balanced Pathway in non-residential buildings will depend on a combination of
effective government policy and continuing progress in developing key markets. Government has
an important role to play in leading the way with public sector decarbonisation, putting in place
necessary planning frameworks for heat networks and creating a market conducive to the rapid
uptake of heat pumps. The key actions that are needed are as follows:

* Introduce a comprehensive multi-year programme for decarbonisation of public sector
buildings. This should set out strategic plans for when best to take the required
decarbonisatfion actions in buildings across the public estate and should be supported by
long-term capital seftlements. This will help to develop supply chains and labour pools
which will also help commercial and residential buildings decarbonise.

¢ Make electricity cheaper by removing levies and other policy costs from electricity bills to
help incentivise consumers to switch to lower-carbon electric options.

¢ Develop and implement an engagement sirategy to provide clear information fo businesses
about how the UK can meet its emissions targets and the role they can play. It should
provide frusted information, signposting to available sources of advice and support. Smaller
commercial operations may need access to low-cost finance to help them to fransition.

¢ Ensure mechanisms are in place to provide clarity on where heat networks are to be
developed, so as not to delay the deployment of heat pumjps within buildings.

* Ensure rented buildings are energy efficient. Regulations could require landlords to improve
the efficiency of rented properties where that is cost effective.

¢ Ensure that new non-residential buildings are highly energy efficient and zero-carbon by
amending Building Regulations and preventing new connections to the gas grid.

¢ Phase out fossil fuel catering equipment and other fossil fuel equipment. Electric alternatives

for catering equipment are readily available. Fossil fuel catering equipment could be
phased out by regulations on their sale.

/.10 Shipping

Key messages

Today: shipping is currently the 10th highest-emitting sector in the UK economy. In 2023, shipping
accounted for 3% of UK emissions, 11.2 MtCO2e, according to GHG inventory estimates. Using the
Department for Transport’s (DfT’s) emissions model, current emissions are estimated to be higher, at
14.1 MtCOz2¢e in the latest year based on historical port freight traffic data (2022).1¢7

" We have used the DfT's emissions model as the starting point for our pathway (other than for naval shipping and inland
waterways and leisure shipping, which are not included in DfT's emissions model and are based on the GHG inventory). In
line with previous CCC recommendations, the Balanced Pathway measures international shipping emissions based on the
movements of ships on international voyages. This differs from the approach based on the sale of bunker fuels in the UK that
is currently used in the inventory. The Balanced Pathway also uses more recent activity data for most domestic shipping than
is used for the inventory. We have used this approach as we expect the inventory to adopt a similar methodology for
domestic shipping in the near future. As a result, our starting point for shipping emissions is slightly higher than in the inventory.
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CB7 period: by 2040, shipping emissions fall by 62% in the Balanced Pathway, relative to 2022.
Shipping will account for 5.4 MtCO-2e of UK GHG emissions and will be the UK’s eighth highest-
emitting sector.

By 2050: the shipping sector can almost completely decarbonise through improved ship
efficiencies and a switch to low-carbon fuels and electricity.

Our key messages are:

e The UK should continue to push for ambition at the International Maritime Organisation
(IMO).1¢8 Additional to this, the UK should pursue opportunities to go further, such as forming
progressive alliances with parties outside of the IMO process to establish robust international
actions and mechanisms to tackle international shipping emissions. 16?7

* Arange of fuel types and efficiency improvements will be needed to decarbonise shipping,
reflecting the diverse nature of the sector. The Government must ensure the right incentives
are in place for shipping companies and individuals fo improve efficiencies and adopt low-
carbon fuels or electricity.

¢ Fuel switching will drive shipping decarbonisation to 2050, but the balance of different fuels
is uncertain. Low-carbon ammonia and synthetic methanol are the dominant fuels used in
our pathway.

¢ Low-carbon ammonia and synthetic fuels are not yet produced at scale. The Government
and the IMO will need to support development of low-carbon fuel production and markets.

7.10.1 Emissions in shipping

Emissions in shipping were 11.2 MtCO2e in 2023, according to the GHG inventory. Using DfT’s
emissions model (which we have used as the starting point for our pathway), current emissions are
estimated to be higher, at 14.1 MtCO2e in the latest year based on historical port freight traffic data
(2022). This is 33% lower than 1990 levels, using the inventory estimates. Figures in the rest of this
chapter are based on DfT's emissions model (and inventory estimates for naval and inland
waterways and leisure) unless otherwise specified. The shipping sector currently accounts for 3% of
UK emissions. International shipping contributed around 51% of shipping emissions in 2022, domestic
shipping around 46%, and naval shipping around 3%.

e Many ships that contribute to domestic shipping emissions also go on international voyages,
and just 21% of domestic shipping emissions (excluding inland waterways and leisure
shipping) came from ships that only operate domestically in 2022.170

¢ Inland waterways and leisure shipping is a subset of domestic shipping, contributing around
7% of shipping emissions in 2022. Limited data exist on the fleet, but it includes a variety of
vessel types, such as personal watercraft, canal boats, and barges.

¢ Emissions reductions have been due in part to decreased activity.!”! Shipped tonnage at
major and minor ports in 2022 was 7% below 1990 levels, and 20% below 2000 levels.!”2 The
largest reductions were in domestic shipping and from a 57% fall in shipped tonnage of
crude oil at major ports, compared to 2000.'72 UK infernational sea passenger movements
decreased by 53% between 1990 and 2022, and domestic passenger movements reduced
by 10% between 2003 and 2022." It is likely that efficiency improvements from larger ship sizes
and technical and operational measures also confributed, but available data are limited.

© 2003 is the earliest year with data on domestic sea passengers. Part of this effect may be due to the COVID-19 pandemic,
but the number of sea passengers was falling prior to the pandemic.
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¢ Ship types and sizes vary substantially, from small private leisure craft to large cargo ships.
Around 50% of domestic shipping emissions and 92% of international shipping emissions in
2022 came from vessels over 5,000 gross tonnes. Around 35% of domestic shipping emissions
and 77% of international shipping emissions in 2022 came from cargo ships. Around 22% of
domestic shipping emissions and 19% of intfernational shipping emissions in 2022 came from
cruises and ferries. 174

e Emissions fell by 16% between 2019 and 2020 due to the COVID-19 pandemic, according to
the GHG inventory. 175 This was largely driven by a decline in internationally shipped
tonnage and the number of sea passengers.!7¢177 Shipping emissions, shipped tonnage,
and passenger numbers had all started to rebound by 2022, but it remains to be seen
whether and when shipping emissions might increase beyond pre-pandemic levels.

7.10.2 The Balanced Pathway for shipping

In the Balanced Pathway, shipping emissions are projected to fall, relative to 2022 levels, by 62% to
5.4 MtCO2e by 2040 (the middle of the Seventh Carbon Budget period) and to 0.5 MtCO2e by 2050
(Figure 7.10.1). The key values that underpin this pathway are summarised in Table 7.10.1.

Figure 7.10.1 Shipping emissions by subsector - historical '«
(2008-2023) and Balanced Pathway (2025-2050)
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Description: Around half of shipping emissions come from each of international and domestic shipping. In the Balanced Pathway,
emissions across both subsectors fall quickly from 2025 to reach close to zero by 2050. Naval shipping emissions start declining from 2035.
Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics: 1990 to 2022; DfT and CCC analysis.

Notes: (1) Solid colours, to the right of the vertical line, represent our modelled pathway emissions in each subsector from 2025. Pale
shades, to the left of the line, show historical subsector emissions data from the GHG inventory up to 2018 and then estimates from DfT's
emissions model from 2019 to 2024 (which we use as the basis for our modelled pathway, other than for naval shipping and inland

waterways and leisure shipping, which are based on the inventory). (2) For comparison, the grey line shows fotal emissions as reported
by the inventory from 2008 to 2023.
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Table 7.10.1
Key values in the Balanced Pathway for shipping

Emissions Emissions in year (MtCO2e)

Change in emissions since 2022 (using DfT's | +0% -31% -46% -62% -96%
model, as in the pathway, for 2022)*
Change in emissions since 2023 (using the +27% -12% -31% -52% -95%
GHG inventory for 2023)*
Share of total UK emissions 3% 3% 4% 5%
LG Proportion of energy use that is low 0% 5% 21% 49% 97%
- quantity carbon
variables
Proportion of ships (by gross tonnage) with | 1% 93% 96% 99% 100%

engines and propulsion systems capable
of running on low-carbon fuels

Proportion of ships (by gross tonnage) that | 19% 99% 99% 99% 98%
have adopted at least one efficiency

measure

Emissions intensity of shipping (gCO-2e per 12.8 8.5 6.3 3.9 0.2

gross tonne nautical mile)

Freight fonnage shipped (Mt) 456 463 473 492 538

Source: DT and CCC analysis.

Notes: We have blanked out the share of total UK emissions in 2050 because total UK emissions have reached Net Zero at this point. All
costs are in 2023 prices. *The table shows changes from current emissions on two bases - first compared to 2022 emissions as estimated
using DfT’s emissions model, which we use as the basis for our modelled pathway (other than for naval shipping and inland waterways and
leisure shipping), and second compared to 2023 emissions as reported in the GHG inventory. We do not show changes compared to 1990
levels for this sector because an estimate of 1990 emissions using DfT's emissions model is not available, so the resulting comparisons would
not be possible on a like-for-like basis.

Key elements of the Balanced Pathway for shipping

The UK’s shipping sector can decarbonise almost entirely by 2050. In the pathway, uptake of
technologies and operational measures that improve the energy efficiency of vessels are the
primary source of decarbonisation for shipping until 2040. By 2050 fuel switching to low-carbon fuels
and electricity for propulsion and onboard vessel energy use are the biggest sources of
decarbonisation (Figure 7.10.2). The Balanced Pathway and the baseline for shipping are based on
the same shipping activity forecast from the Department for Transport, where shipped freight
tonnage increases by 11% by 2040 from 2022.

Given the diversity of vessels, a range of fuels and efficiency-improving fechnologies and
operational measures will need to be used. The mix of fuel types and efficiency measures in the
Balanced Pathway is chosen based on estimates of future costs and compatibility with vessel types.
The exact balance of these fuel types and efficiency measures is uncertain, but a broad range of
options must be pursued to ensure shipping emissions reach close to zero by 2050.
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Figure 7.10.2 Sources of abatement in the Balanced Pathway
for shipping
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Description: The largest share of emissions reduction in shipping until 2040 is from efficiency improvements, before low-carbon fuels
become the largest driver of abatement in later years.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics: 1990 to 2022; DfT and CCC analysis.

Notes: (1) The light grey line shows historical emissions data based on GHG inventory estimates. The dark grey line shows historical
emission estimates based on the DfT's emissions model. We have used the latter as the basis for our pathway modelling (other than for
naval shipping and inland waterways and leisure shipping, which are based on the inventory), which is why our pathway begins at a
higher level of emissions than the shipping value in the published inventory. (2) We generally account for emissions reductions due to
measures fo reduce demand for high-carbon activities (including low-carbon choices and efficiencies) first, before the impact of low-
carbon technologies.

The key measures that combine to reduce emissions in shipping are:

Fuel switching (52% of emissions reduction in 2040). Existing and new ships take up engines and
other propulsion systems capable of running on low-carbon fuels and electricity. The rate at which
ships switch to these fuels is determined by the pace at which the technologies and fuels become
available and cost effective, as well as the impact of assumed fuel standard regulations. Low-
carbon fuels and electricity make up 54% of total energy use in 2040 and 98% in 2050.

The Balanced Pathway includes a variety of fuels, all of which are likely to play a role in
decarbonising shipping. The fuels used most in our pathway are low-carbon ammonia and
synthetic fuels (produced through combining low-carbon hydrogen with CO2from direct air
capture). The balance of these fuels is uncertain: it will depend on suitability across vessel types and
the relative costs.

e Ammonia (22% of shipping energy use in 2040). Low-carbon ammonia is not yet used in
ships and enters the shipping energy mix in our pathway from 2028. Ammonia is globally
fraded today, but it is foxic and requires specific handling skills and storage systems, and is
therefore only used on cargo ships in our pathway. 178172
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Synthetic fuels (17% of shipping energy use in 2040)." 18 Synthetic fuels enter the energy mix
in the mid-2030s when domestic direct air capture becomes available. Due to their relative
costs, synthetic methanol plays the largest role in the Balanced Pathway, with limited
uptake of synthetic methane and synthetic marine diesel oil. Synthetic fuels can be used on
cargo ships but are mainly used for ship types that carry passengers in our pathway.

Fossil methanol (18% of shipping energy use in 2040). Fossil methanol is used as a transition
fuel in the Balanced Pathway, with uptake increasing from 2025 and then beginning to
decrease in the early 2030s. Several shipping companies are ordering ships with methanol
engines today. 8! These engines can switch to run on synthetic methanol when that
becomes available.

Electricity (6% of shipping energy use in 2040). Electricity confributes to decarbonisation of
inland waterways and leisure shipping, domestic ferries, and some service and offshore
vessels.

— By 2050 in the Balanced Pathway, half of the inland waterways and leisure vessel fleet
decarbonises by switching to electric drive - fechnology which is already being
deployed today. 82 The other half of this fleet switches to biofuels.

— Shore power refers to the process of supplying ships with electricity to power essential
vessel functions when the ship is at berth, instead of using auxiliary engines powered by
fossil fuels. Due to the complexity of modelling shore power, the Balanced Pathway
does not include this. However, shore power has potential to significantly reduce air
pollution from vessels at berth and might enable faster emissions reduction in

shipping.'83

Biofuels (3% of shipping energy use in 2040). Biofuels play a small role in decarbonising
shipping in the Balanced Pathway. They are used to reduce emissions from some existing
inland waterways and leisure vessels with long lifetimes, where they can act as ‘drop-in
fuels’ in existing engines, with no or limited modification.'84 They do not feature in other
segments of the shipping sector.

Efficiency improvements (48% of emissions reduction in 2040). This measure consists of a variety of
technological and operational measures that improve the energy efficiency of a ship, such as wind
assistance, propeller ducts, rudder bulbs, and speed opfimisation.

While some efficiency measures are cost effective and being adopted globally today, no
efficiency measures are assumed to have been adopted by 2024 in the Balanced Pathway
due to insufficient data on uptake in the UK. 18> Uptake scales up quickly from 2025 onwards,
with 99% of ships by gross tonnage (excluding naval and inland waterways and leisure
shipping) having adopted at least one efficiency measure by 2030.

Naval shipping is assumed not to take up any efficiency measures in the pathway, due to
restricted information about the naval fleet and its operational patterns.

Inland waterways and leisure shipping are assumed not to take up any efficiency measures,
due to limited evidence about the existing fleet.

* Current international carbon reporting guidelines are unclear regarding reporting of emissions savings derived from
imported synthetic fuels. Due to this ambiguity, our analysis assumes synthetic fuels are produced in the UK. See the UK's
1990-2021 Greenhouse Gas Inventory, Section 1.8.2.3, for the relevant guidelines. In practice, future synthetic fuel
production and supply is likely to operate in an international market. IPCC inventory guidelines will need to be clarified
to allow for imported synthetic fuels to contribute to UK territorial emissions savings.
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7.10.3 Costs and cost savings

Delivering the Balanced Pathway for shipping results in a net cost fo the economy compared to
the baseline (Figure 7.10.3). The additional costs are mainly driven by the higher cost of low-carbon
fuels.

Figure 7.10.3 Costs and cost savings in the Balanced Pathway «
for shipping, compared to the baseline
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Description: Net costs in the Balanced Pathway for the shipping sector are positive relative to the baseline from 2025 and generally
growing over the period to 2050. Costs are driven by opex: savings from improved efficiency are offset by higher costs of low-carbon
fuels.

Source: CCC analysis.

Notes: Capex is additional capital expenditure and opex is additional operating expenditure. Both are additional in-year costs in 2023
prices, relative to a baseline of no further decarbonisation action.

7.10.4 Key actions required to deliver the Balanced Pathway for shipping

Delivering the Balanced Pathway in shipping will depend on a combination of effective
government policy, international regulatory action, and continued progress in building key markets.
Government policy is needed to support the establishment of low-carbon shipping fuel markets
and to drive uptake of efficiency measures and low-carbon fuels. The key actions that are needed
are as follows:

e Seek to sirengthen and implement the IMO objectives. In parallel, collaborate with other
parties to establish multilateral partnerships to address international shipping emissions.

* Include domestic and international shipping emissions in the UK ETS in line with the EU ETS
and ensure there are incentives and infrastructure for decarbonisation of all vessel types -
from private leisure vessels to large-scale freight ships. 186

¢ Reduce emissions at berth. The Government should develop policies to reduce emissions at
berth, for example by supporting the development of shore power at UK ports.
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/.11 F-gases

Key messages

Today: fluorinated gases (F-gases) is currently the 11th highest-emitting sector in the UK economy. In
2022, F-gases accounted for less than 2% of UK emissions, 7.6 MtCO2e.”

CB7 period: by 2040, F-gases emissions fall by 73% in the Balanced Pathway, relative to 2022. F-
gases will account for 2% of UK GHG emissions and will be the UK’s 11th highest-emitting sector.

By 2050: emissions from the F-gases sector will be mostly eliminated as a result of changing the
gases used in a range of everyday equipment (such as refrigeration) fo lower-emission alternatives.
A small amount of residual emissions remains, mostly from industrial processes and other uses.

Our key messages are:

* The UK will need to regulate to replace F-gases with less harmful alternatives. The Balanced
Pathway mainly reduces emissions in refrigeration, air conditioning, heat pumps, and
inhalers. The gases used in this equipment will be different, but the way we use it will not
significantly change. The 2024 EU regulations is an example of the regulatory standards that
the UK will need to achieve.18”

7.11.1 Emissions in F-gases

F-gases emissions were 7.6 MtCOze in 2022. This is 49% lower than 1990 levels.” F-gases are released
in very small volumes relative to other GHGs but have a global warming potential (GWP) up to
23,500 times greater than CO.. F-gases are used as refrigerants, aerosols, solvents, insulating gases,
or blowing agents for foams, and they can also be emitted as fugitive emissions from other
manufacturing processes. 88

e The largest source of emissions in 2022 was from leakage in refrigeration and air
conditioning systems (74%). F-gases emissions also come from metered-dose inhalers (12%),
often used for patients with asthma. Other applications include compounds used in electric
power systems, military warning systems, fire protection systems, halocarbon production in
everyday materials (from solvents to medicines to plastics), and aerosol foams.

¢ Since 1990, emissions rose to a peak in 1997 and have since fallen to lower levels.

- In 1990, F-gases emissions were dominated by industrial processes which saw significant
emissions decreases in the late 1990s due to improved equipment in power plants.

— A subsequent increase in use in air conditioning and refrigeration appliances saw
emissions in that subsector increase until the mid-2010s.18? The F-gas Regulation (2015)
then reduced emissions by phasing down the amount of hydrofluorocarbons (HFCs)
that can be placed on the market. 170

" Provisional 2023 emissions data are not used as these are not available for GHGs other than CO., which make up all
emissions in this sector.

T Although the baseline year for F-gases in the Climate Change Act is 1995, we have chosen to show changes with respect
to 1990 for consistency with other sectors.
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7.11.2 The Balanced Pathway for F-gases

In our Balanced Pathway, F-gases emissions are projected to fall, relative to 2022 levels, by 73% to
2.0 MtCO2ze by 2040 (the middle of the Seventh Carbon Budget period) and to 1.6 MtCO2e by 2050
(Figure 7.11.1). The key values that underpin this pathway are summarised in Table 7.11.1.

Figure 7.11.1 F-gases emissions by subsector - historical «
(2008-2022) and Balanced Pathway (2025-2050)
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Description: The largest sources of F-gases emissions are from refrigeration and from air conditioning and heat pumps. In the Balanced
Pathway, emissions from inhalers, refrigeration, and air conditioning and heat pumps fall to near zero by 2050, with a small amount of
residual emissions from other F-gases.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; CCC analysis.

Notes: (1) Solid colours, to the right of the line, represent our modelled pathway emissions in each subsector from 2025. Pale shades, to
the left of the line, show historical subsector emissions data up to 2022 and then our modelled expectations based on existing frends
and policies for past years for which data are not yet available. (2) Subsector categories in the pathway for refrigeration and air
conditioning and heat pump differ from historical data due to modelling limitations. This is why the historical and pathway subsector
breakdowns do not exactly line up.

Table 7.11.1
Key values in the Balanced Pathway for F-gases

Emissions Emissions in year (MtCO-ze)

Change in emissions since 1990 -59% -74% -81% -86% -89%

Change in emissions since 2022 -21% -50% -64% -73% -79%

Share of total UK emissions 1% 1% 1% 2%

Source: CCC analysis.

Notes: We have blanked out the share of total UK emissions in 2050 because total UK emissions have reached Net Zero at this point. All
costs are in 2023 prices.
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Key elements of the Balanced Pathway for F-gases

Emissions reductions in the F-gases sector come from changes to refrigerants used in air
condifioning, heat pumps, and refrigeration as well as the use of alternative propellants in metered-
dose inhalers (Figure 7.11.2).

Figure 7.11.2 Sources of abatement in the Balanced Pathway «
for F-gases
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Description: The largest share of emissions reductions in in F-gases by 2040 comes from the use of lower GWP refrigerants and
propellants in refrigeration, air conditioning and heat pumps, and inhalers.

Source: DESNZ (2024) Provisional UK greenhouse gas emissions national statistics 2023; DESNZ (2024) Final UK greenhouse gas emissions
national statistics 1990-2022; CCC analysis.

Notes: (1) Historical emissions are shown only to 2022 because provisional 2023 emissions data are not published for GHGs other than
COa. (2) We generally account for emissions reductions due to measures to reduce demand for high-carbon activities (including low-
carbon choices and efficiencies) first, before the impact of low-carbon technologies.

The key measures that combine to reduce F-gases emissions are:

Refrigeration (37% of emissions reduction in 2040). This involves using lower global warming
potential (GWP) refrigerants in refrigeration systems that are due to be replaced. This means that
any leakage from refrigeration systems will have a lower impact in COze terms.

¢ Some examples of these applications are in commercial and industrial refrigeration, such as
centralised and distributed systems for supermarkets, coolers, and freezers.

e Some emissions reductions also come from better end-of-life recovery.
Air conditioning and heat pumps (36% of emissions reduction in 2040). This involves better end-of-

life recovery of F-gases in air conditioning and heat pumps as well as the use of lower GWP
refrigerants.
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¢ The F-gases baseline assumes take-up of heat pumps in line with the Balanced Pathway for
buildings, to avoid undercounting appliances containing F-gases. The F-gases Balanced
Pathway then accounts for actions needed to mitigate F-gases emissions from those
appliances.

Inhalers (27% of emissions reduction in 2040). This involves replacing the use of high-GWP
propellants in inhalers with lower-GWP propellants.

e This can involve using dry powder inhalers (for patients who can switch to these devices) or
using metered-dose inhalers with alternative propellants (for patients who cannot switch to
dry powder inhalers).

*  While the propellants or mechanisms used will change in our pathway, the way in which
these are used and their medical effectiveness will generally not be affected.

— Arange of alternative propellants are already available and have been on the EU
market for many years. In addition, there is currently intense research activity around
inhalers, and two metered-dose inhaler manufacturers have announced that they will
bring lower-GWP products for asthma and Chronic Obstructive Pulmonary Disease
treatment to the EU market starting from 2024/25.191

— There is a risk that abatement in healthcare and anaesthetics could increase emissions
through increased lifecycle emissions of replacement products.

The maijority of the unabated emissions in 2050 come from other sources of F-gases. This includes
emissions from electric power systems, military warning systems, fire protection systems, halocarbon
production in everyday materials (from solvents fo medicines to plastics), and aerosol foams.
Further abatement for this is either impractical or not currently cost effective.

7.11.3 Costs and cost savings

Delivering the Balanced Pathway for F-gases results in a cost saving fo the economy compared o
the baseline. There are small cost increases in the short ferm, but savings grow steadily due to cost
reductions as air condifioning and heat pump technologies become cheaper.
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Figure 7.11.3 Costs and cost savings in the Balanced Pathway
for F-gases, compared to the baseline
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Description: In the Balanced Pathway, net costs fall by 2050, particularly the additional capital costs of reducing F-gases emissions from

air conditioning and heat pumps.
Source: CCC analysis.
Notes: (1) Capex is additional capital expenditure and opex is additional operating expenditure. Both are additional in-year cost

sin

2023 prices, relative to a baseline of no further decarbonisation action. (2) The shape of the costs before and after 2036 reflects stylised
assumptions across these periods based on the most recent EU impact assessment from March 2022. (3) The baseline includes heat

pump deployment throughout the period from 2025 to 2050. This describes the emissions from F-gases assuming no further policy
beyond 2023 occurs. (4) Activity beyond 2023 is included in emissions and costs in the pathway.

7.11.4 Key actions required to deliver the Balanced Pathway for F-gases

Delivering the Balanced Pathway in F-gases will depend on a clear regulatory framework that

stimulates the necessary innovation and deployment for decarbonisation. The key actions th
needed are as follows:

at are

¢ Regulate to replace F-gases with lower-emission alternatives. Regulation would provide the

necessary incentives for research and development into lower-GWP alternative products. It
would provide UK supply chains with the certainty they need to train and grow their
workforces. The Government should consider the case for regulatory alignment with the EU,
which would reduce costs since many of the products and equipment involved are
imported from the EU. It will be important to ensure that any new regulation allows enough
time for the sector to prepare for any changes.
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/.12 Engineered removals

Key messages

Today: engineered removals are measures which remove CO2 from the atmosphere to permanent
storage. Aside from small-scale testing, there have been no engineered removals recorded to date
in the UK.

CB7 period: by 2040, engineered removals will account for -21.3 MtCO2e of UK GHG emissions.

By 2050: engineered removals will play a crucial role in offsetting residual emissions that cannot
credibly be cut, predominantly from aviation.

Our key messages are:

e Engineered removals start to contribute fo the Balanced Pathway around 2028 and grow to
reach -35.8 MtCOze in 2050. This is predominantly bioenergy with carbon capture and
storage (BECCS), with some direct air carbon capture and storage (DACCS), enhanced
weathering, and biochar.

* Engineered removals are a necessity to deliver Net Zero as some sectors, including aviation,
cannof reach zero emissions by themselves. They are also required to meet interim targets,
and by the Seventh Carbon Budget period contribute around 6% of total emissions
abatement in the Balanced Pathway.

¢ The Balanced Pathway reduces emissions across all sectors of the economy as far as is
credibly possible in line with cost effectiveness and feasibility constraints. This minimises the
use of engineered removals, given the uncertainties and relatively high expected costs
associated with them.

* Engineered removals are not yet deployed at scale. They will take fime to scale up and
work to do this must accelerate now.

7.12.1 Emissions in engineered removals

Globally, some engineered removals are taking place and there is a growing pipeline of projects
under development, using a variety of approaches. 192

7.12.2 The Balanced Pathway for engineered removals

In our Balanced Pathway, engineered removals are projected to start contributing around 2028.
They grow to reach -21.3 MtCO2e b