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This document contains a summary of content for the Manufacturing and
construction sector from the CCC's Sixth Carbon Budget Advice, Methodology
and Policy reports.



Infroduction

The Committee is advising that the UK set its Sixth Carbon Budget (i.e. the legal limit
for UK net emissions of greenhouse gases over the years 2033-37) to require a
reduction in UK emissions of 78% by 2035 relative to 1990, a 63% reduction from
2019. This will be a world-leading commitment, placing the UK decisively on the
path to Net Zero by 2050 at the latest, with a trajectory thatis consistent with the
Paris Agreement.

Our advice on the Sixth Carbon Budget, including emissions pathways, details on
our analytical approach, and policy recommendations for the Manufacturing and
construction sector is presented across three CCC reports, an accompanying
dataset, and supporting evidence.

* An Advicereport: The Sixth Carbon Budget — The UK's path to Net Zero,
setting out our recommendations on the Sixth Carbon Budget (2033-37)
and the UK’s Nationally Determined Contribution (NDC) under the Paris
Agreement. This report also presents the overall emissions pathways for the
UK and the Devolved Administrations and for each sector of emissions, as
well as analysis of the costs, benefits and widerimpacts of our
recommended pathway, and considerationsrelating to climate science
and international progress towards the Paris Agreement. Section 1of
Chapter 2 contains an overview of the emissions pathways for the
Manufacturing and construction sector.

¢ A Methodology Report: The Sixth Carbon Budget —Methodology Report,
setting out the approach and assumptions used to inform our advice.
Chapter 1 of thisreport contains a detailed overview of how we
conducted our analysis for the Manufacturing and construction sector.

* A Policy Report: Policies for the Sixth Carbon Budget and Net zero, sefting
out the changes to policy that could drive the changes necessary
particularly over the 2020s. Chapter 3 of this report contains our policy
recommendations for the Manufacturing and construction sector.

¢ A datasetfor the Sixth Carbon Budget scenarios, which sets out more
details and data on the pathways than can be included in this report.

e Supporting evidence including our public Call for Evidence, 10 new
research projects, three expert advisory groups, and deep dives into the
roles of local authorities and businesses.

All outputs are published on ourwebsite (www.theccc.org.uk).

For ease, the relevant sections from the three reports for each sector (covering
pathways, method and policy advice) are collated into self-standing documents
for each sector. A full dataset including key charts is also available alongside this
document. This is the self-standing document for the Manufacturing and
construction sector. Itis set outin three sections:

1) The approach o the Sixth Carbon Budget analysis for the Manufacturing

and construction sector
2) Emissions pathways for the Manufacturing and construction sector
3) Policy recommendations for the Manufacturing and construction sector

Chapter 6 of our Advice Report includes further information on competitiveness.


http://www.theccc.org.uk/

Chapter 1

The approach to the Sixth Carbbon
Budget analysis for the
Manutfacturing and construction
sector



The following sections are taken directly from Chaypter 4 of the CCC's
Methodology Report for the Sixth Carbon Budget.!

Infroduction and approach

This chapter sets out the method for the manufacturing and construction sector
Sixth Carbon Budget pathways.

The scenario results of our costed pathways are set outin the accompanying
Advice report. Policy implications are set outin the accompanying Policy report.

For ease, these sections covering pathways, method and policy advice for the
manufacturing and construction sector are collated in The Sixth Carbon Budget —
Manufacturing and Construction. A full dataset including key charts is also
available alongside this document.

We set out our analysis in the following sections.
1. Background
2. Options forreducing emissions

3. Analytical approach
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1. Background

a) Current emissions

Greenhouse gas emissions from manufacturing and construction were 66 MICO-e
in 2018, 12% of the UK total (Figure 4.1):

Sector summary — Monufacturing and construction

Manufacturing represents 90% (60 MtCO.e) of this sector’s emissions. Of
these, 86% were from fuel combustion (for high- and low-grade heat,
drying/separation, space heating and on-site electricity generation) and
14% were process emissions (which arise from a range of chemical
reactions e.g. from the calcination of limestone forcement).
Manufacturing emissions are spread across a wide variety of subsectors
(e.g. cement, iron and steel, chemicals).

The remaining 10% (6 MtCO-e) of emissions were from off-road mobile
machinery (ORMM,). Off-road mobile machinery is 77% construction and
12% mining equipment. An additional 3% of emissions come from ORMM
use in fransport infrastructure (e.g. harbours, tunnels, bridges) with a wide
variety of applications making up the rest of this subsector. Emissions in this
sector come from the combustion of diesel, which is used as a fuel.

Most (98.6%, 65.4 MtCOqe) emissions were of COq, 0.6% (0.4 MICOe) were
of CHsand 0.8% (0.5 MtCOqe) of N2O.



Figure M4.1 Breakdown of manufacturing and
construction emissions (2018, 66 MICOz¢) ‘«
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Source: National Atmospheric Emissions Inventory (2020) Breakdown of UK GHG emissions by source and
greenhouse gas; CCC analysis.

Direct emissions from manufacturing and construction fell by 2% in 2019. Emissions
were 56% below the 1990 baseline (Figure 4.2). More detailed sectoral data are
produced with a one-yearlag. The 1%rise in emissions in 2017 was largely due to
rises in chemical process emissions, as well as process emissions from food, drink
and tobacco. This followed a drop in 2016 from a reduction in iron and steel
production, following the closure of Redcar steelworks in Teesside.

We also analyse factors that contribute to a change in emissions, attributing
changes to:

o Qutput effects (e.g. recession-related emissions reduction);

e Structural effects (e.g. manufacturing output moving towards less carbon-
intensive sectors);

e Switching fo fuels with higher or lower direct emissions (e.g. fossil fuel to
electricity); and

e Energy intensity (e.g. due to energy efficiency, changes in plant utilisation
or product mix).
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Our decomposition analysis' suggests that over the period 2009-2017 industrial
output grew 10%, and the 25% fall in direct CO, emissions can be attributed to a
structural movement towards a less carbon intensive mix of industrial output
(accounting for 25% of the change), improvements in energy intensity (50%) and
changes in fuel mix (25%).2

Figure M4.2 Trends in manufacturing and
construction emissions '«
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Source: National Atmospheric Emissions Inventory (2020) Breakdown of UK GHG emissions by source and
greenhouse gas; CCC analysis.

' Data supplied by Ricardo Energy and Environment
2Numbers rounded to nearest 5%.

Sector summary — Monufacturing and construction



2. Options for reducing emissions

This section sets out the different options for reducing emissions from manufacturing
and constructionin the UK.

a) Resource efficiency

Reducing the flow of materials through the economy and using products more
efficiently (and forlonger) can reduce manufacturing emissions, as part of a shift
towards a more circular economy. Arange of different measures are detailed in
Box 4.1 in section 3, and fall info two categories: reduced end-user consumption of
resources, and more efficient use of resources in production. Some of these
measures involve behaviour change onthe part of the consumer. These typically
involve increasedrecycling, using products for longer, and sharing resources (e.g.
car clubs).

b) Material substitution

Material substitution can reduce manufacturing emissions by switching from high-
embodied-carbon materials to low-embodied-carbon materials. Measures include
using wood in construction and using replacements to clinker (e.g. fly ash) in
cement.

c) Energy efficiency

Using energy more efficiently reduces operating costs while cutting emissions. The
energy efficiency measures that we include are ‘low-regret’ measures that often
save significant fuel costs. Measures include process and equipment upgrades,
installing/improving heat recovery systems, and clustering/networking with other
sites and businesses to efficiently utilise waste heat and other by-products.

d) Fuel-switching
Fuel switching in manufacturing

Hydrogen, electricity and bioenergy can all be used to meet heat, motion (and
electrical) demands, thus replacing the use of fossil fuels and reducing GHG
emissions.

o There are arange of hydrogen, electrical and bioenergy heating
technologies, which are designed to provide different types of heat
demand.

e Some fuels or heating technologies have wider potential than others. For
example, biomass isnot always suited to replacing natural gas for direct
high-temperature heating because the resulting combustion gases have a
less desirable composition than those from natural gos.

e Biomass should only be used in applications with CCS inthe long-term,
based on the assessment of best uses in our Biomass Review.2 This
combination is referred to as Bioenergy Carbon Capture and Storage
(BECCS) and has the net effect of removing CO, emissions from the
atmosphere. These removals are countedin our Greenhouse Gas Removals
sector (see Chapter 12).
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Each of these fuels is already used in the manufacturing and construction
sector although sometimes they are notlow-carbon and/or not used for
energy. In 2018, 26% of energy demandin manufacturing and constfruction
was met through electricity, with a further 12% from biomass and waste.

— Electricity is currently used to meet a variety of energy demands
in manufacturing and construction, including driving motors and
to produce process heat. The largest electricity-using sectors are
other manufacturing, chemicals, and food and drink.

— Biomass and waste are currently used to produce electricity and
heatin the cement and paper industries. Waste includes the use
of waste solvents, wood, scrap tyres, and municipal solid waste.

— Hydrogen is currently used in ammonia production, as an input to
the Haber-Bosch process. This hydrogen is produced from fossil
gas without CCS, soitis not low-carbon. Hydrogen production for
fuel use is covered separately (Chapter 6).

We group a couple of other technologies in with fuel-switching, that may be
regarded as a process change, rather than fuel-switching.

In most existing primary steel production, coke (made from coal) isused as
areductantin blast furnaces. Hydrogen-based direct reduction ofiron
(DRI), canreplace coke as the reductant with hydrogen (so, in part, the
reductant is switched rather than the fuel). This process change leads to
water vapour being produced, instead of CO..

Electric arc furnaces (EAF) use different materials (e.g. recycled orscrap
steel) to blast furnaces, so may be considered a different process, rather
than fuel switching, although in this case the fuel is switched.

Fuel switching in off-road mobile machinery (ORMM)

Off-road mobile machinery (e.g. forklifts, generators) typically use diesel as a fuel.
Multiple options are available to decarbonise ORMM, including electricity,
hydrogen, and biodiesel. The sector will likely require a mix of these abatement
opftions, given the wide range of equipment that aims to meet specific needs for
construction and mining.

Hydrogen and electricity are likely to provide long-term solutions for
abatement. Not only would they reduce emissions, but they could lead to
fuel cost savings that would benefit the sector, as both technologies are
more efficient than burning diesel.

However, the adoption of hydrogen depends on the development of a
wider hydrogen infrastructure to reduce costs and ensure fuel availability
for construction sites.

There could similarly be barriers in the uptake of electricity, as construction
sites will need to accommodate space for battery swapping or
connections to the electricity grid.

Biodiesel could play a role as a transition fuel to start decarbonising the
sector, provided sufficient bioenergy is available.

Sector summary — Monufacturing and construction ] O
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e) Carbon Capture and Storage (CCS)

CCS can be used to capture CO; produced by larger industrial point-sources, and
fransport it to a CO; storage site, thus reducing emissions to the atmosphere. The
captured CO, may alternatively be usedin Carbon Capture and Use (CCU),
although the potential amount that could be used is expected to be substantially
smaller than that which could be stored.

CCS is particularly important in the manufacturing sector, as it can abate emissions
that cannot be addressed simply by switching to low- or zero-carbbon energy. This
includes capturing non-combustion process CO, emissions (from chemical
reactions such as the calcination of limestone in cement production) and
combustion emissions, including those arising from the combustion of internal fuels
(gases that are produced as part of the industrial process).

When capturing emissions from biomass combustion, reduction or fermentation,
this results in BECCS.

f) Other

Greenhouse gas emissions from flaring iniron and steel production and leakage
from processes in the manufacture of chemicals can also be addressed. Flaring
emissions can be reduced by capturing methane and selling it. Leakage of
methane in the chemicals subsector can be reduced through periodic leakage
detection and repair or confinuous monitoring, to find the leaks as early as possible
and limit the volume of methane released.
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3. Analytical approach

The Balanced Net Zero Pathway and the four exploratory scenarios in this sector
vary in several ways, including their energy mix, levels of resource efficiency and
rates of decarbonisation. More information on this is in Chapter 3, Table 3.3a of the
Advice report, and the dataset that accompanies the report.

These pathways and scenarios are underpinned by new analysis in several areacs,
as well as some of the evidence and analysis used for our 2019 Net Zero advices
and the accompanying Net Zero technical report 4

New analysis includes work commissioned from Element Energy on deep-
decarbonisation pathways for UK industry and internal analysis of options for
decarbonising off-road mobile machinery. We have also updated our synthesis of
evidence on resource- and energy-efficiency options, and our baselines.

The structure of our analysis follows the following steps:

e It starts by considering a baseline world where there is no new climate
change mitigation policy beyond 2019.

e From this emissions baseline we deduct, in sequence, abatement from
resource efficiency, material substitution and energy efficiency.

e We then deduct abatement from ‘deep decarbonisation’ options: fuel-
switching, CCS and measures to reduce methane flaring, venting and
leakage.?

We set out the approaches we have taken for each of these steps, below.
a) Baseline projections

Our emissions baseline (Figure 4.3) starts aligned to historical emissions for 2018, the
latest year with fully reported data, based on the National Atmospheric Emissions
Inventory (NAE).5 For combustion emissions, corresponding energy data are drawn
from a mix of the NAEI and DUKES, ¢ allowing for the inclusion of existing electricity
and bioenergy use (which are not reported inthe Inventory).

Future energy and emissions are projected from the historical 2018 data using the
scaling (% change from 2018) of the BEIS Energy and Emissions Projections 2019
reference case.” This reference case accounts for a small amount of projected
abatement from existing ‘firm’ policies. We made several bespoke assumptionsin
the use of these projections, in particular:

e We do notuse the BEIS energy and emissions projections to project the
change from 2018 to 2019. This reflects that the BEIS econometric
methodology results inlarge jumps in emissions from the last historical year
(2018) to the first projected year (2019), which we know from provisional
data have not happened.

e We do notuse the projections for the chemicals sector, for which the
econometric method projects a verylarge decline in emissions, instead
assuming that baseline emissions stay constant for most of the subsector.

3There is only a small amount of the methane reduction measures required in thissector.
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Figure M4.3 Baseline projectionsforsubsectors
in manufacturing and construction «
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Source: National Atmospheric Emissions Inventory (2020) Breakdown of UK GHG emissions by source and
greenhouse gas; BEIS (2020) Updated energy and emissions projections: 2019; Element Energy (2020) Deep-
decarbonisation pathways for UK Industry, report forthe Climate Change Committee; CCC analysis.

b) Resource efficiency, energy efficiency and material
substitution

To establish pathways for abatement from resource efficiency, energy efficiency
and material substitution, we refreshed our synthesis of evidence onthe
abatement potential in these areas.

Resource efficiency

Resource efficiency measures are divided into two categories: more efficient use
of resources in production and lower end-user consumption of resources. Box 4.1
sets out the evidence we used onresource efficiency and how we constructed our
scenarios using this evidence. Table 4.1 summarises the resource efficiency
measures included.

Measures that reduce consumption of resources (a third of the resource efficiency
abatement) are assumed to result in lower industrial output, as we assume similar
measures are applied by frading partners — for example as a result of the EU’s work
on the Circular Economy. For the purpose of our geographical analysis, where this
reduced consumption, combined with baseline change, results in a reduction of a
subsector’s output, we assume that 80% of this reductionis achieved by site
closures, while 20% comes from reduced output of the remaining sites.
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Abatement from these resource efficiency measures is applied to the baseline
before material substitution and energy efficiency.

Box M4.1:

Summary of latest evidence on resource efficiency and material substitution

Using astudy from the University of Leeds and University of Manchester, and engaging
withindustry stakeholders, we have considered where resource efficiency can reduce UK
greenhouse gas emissions. The measures we have considered are summarised in Table
4.1.

From the baseline, first we accounted for significant changes across the economy that
would affect demand: the move away from petroleum for transport and other uses
leading to big reductions in demand from oil refineries, and changes to the amount of
waste arising.

We then included specific resource efficiency measures. The study produced three
scenarios for material productivity (low, medium and high), reflecting different levels of
ambition in changing production and consumption practices.

— The medium scenario leads to a 6% reduction in UK industrial emissions in 2050 and is
implemented for our Headwindsscenario. The high scenario leads to an 13% reduction
in UK manufacturing and construction emissions in 2050 and is implemented for our
Balanced Net Zero Pathway, Widespread Engagement and Tailwinds.

— In the Widespread Innovation scenario, we anticipate lower consumer engagement
on the consumption of resources savings compared to Widespread Engagement,
although further potential for improvements in resource use in production may be
realised through new innovations. Therefore, the Widespread Innovation scenario uses
a medium-high material productivity scenario, slightly lower ambition than
Widespread Engagement, resulting in an emissions reduction of 11% in 2050 across the
manufacturing and construction sector.

— The Balanced Net Zero Pathway follows the high scenario, which is an ambitious set of
measures requinng changes to many people’s lifestyles and industrial practices.
However, there is evidence thateven larger emissions savings are possible, with the
Energy Transition Commission estimating that 40% of emissions from heavyindustry can
be avoided through circular economy strategies.

The study does not include financial savings and costs associated with the measures. We
were also not able to find a wider evidence base on savings and costs of resource
efficiency measures. Resource efficiency could lead to cost savings. However, these are
dependent on structural changes in the economy for which there is little evidence
available to date. It is unclear whether these would offset any costs associated with the
uptake of resource efficiency measures. We have assumed that the savings balance the
costs. We seek to improve our evidence base in this area in future, which would
necessitate understanding how savings and costs flow through the economy.

Source:Scott, K., Giesekam, J., Barrett, J.and Owen, A. (2018) Bridging the climate mitigation gap with economy-
wide material productivity, Journal of Industrial Ecology, https://doi.org/10.1111 fjiec.1283, Energy Transitions
Commission (2018) Mission Possible, http://www.energy-transitions.org/mission{possible

Notes:Scott etf. al.scenarios have been adjusted to include CCC analysis on clinkersulbstitution incement, wood in
construction,increasein use of recycled glass, and analysis from the Government's Industrial Decarbonisation and
Energy Efficiency Roadmaps to 2050 for yield improvements in steel production.
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Table M4.1
Summary of resource efficiency and material substitution strategies

Sector

Clothing and
Textiles

Food and
Drink

Packaging

Vehicles

Measures to reduce resource use in production

— Efficiency improvements in fiore and yamn
production, dyeing and finishing

Measures to reduce end-user consumption of

resources

Disposing of less andreusing and recycling more

Using clothes for longer

— Reducing food wastein food services and
hospitality sectors

Reducing household food waste

— Eliminating or reducing weight of packaging
(metal, plastic, paper, glass)

— Increasing use of recycled glass

— Reducing steel, aluminium and additional
weight without material or alloy changes

— Yield improvement (metals) in car structures

Shiffing from recycling to refurbishing
Using car clubs

Using cars for longer

through cutting techniques
— Steel fabrication yield improvement

— Reusing discarded steel products

Reducing steel without material or alloy -
changes

Sharing less-frequently used electrical appliances,
power tools and leisure equipment

Electronics, -
Appliances,
Machinery
and Furniture

— Steel fabrication yield improvement — Longer use of products

— Reusing discarded steel productsin industrial | —
equipment

Remanufacturing instead of throwing away

— Disposing of less andreusing and recycling more

Consiruction — Design opftimisation to reduce material inputs
— Increasing use of wood in construction
— Increasing clinker substitution in cement

— Reusing materials

Material substitution

Next, we applied material substitution from high-embodied-carbon to low-
embodied-carbon materials. This accounts for a decrecase in cement, mortarand
brick production and an increase in timber production for increased woodin
construction. There is also an increase in substitution of high-carbon clinker for
either waste products such as fly ash, or ground granulated blast furnace slag or
innovative new types of lower-carbon cementitious materials. In addition, some
raw material is replaced with cullet (from recycled glass) in glass production.

Energy efficiency

Our energy efficiency abatement pathways are primarily based on the ‘Max Tech'’
scenarios from the *2015 BIS Industrial Decarbonisation and Energy Efficiency
Roadmaps to 2050’ 8, but also assume some additional abatement from sectors
not covered by the Roadmaps.

e We have evaluated the abatement costs for all of the measures in the Max
Tech pathways andincluded all of those that are cheaper than 350
£/1C0O2e (consistent with our approach to carbon valuation —see Chapter
1), as well as the majority of measures which are overall cost negative.

15
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o There are likely to be energy efficiency opportunitiesin the less-energy-
intensive sectors, where energy efficiency opportunities may be less salient
to decision makers. We assume a 12 TWh overall energy demand reduction
across the less-energy-intense sectors based on BEIS analysis.?

The energy efficiency measures covered by the roadmaps are generally cost-
saving, so we have applied these measures across scenarios. We have updated
the savings and costs from the 2015 roadmaps to reflect our updated energy cost.

c) Deep decarbonisation measures

To establish our pathways for abatement from deep decarbonisation measures we
commissioned Element Energy to substantially extend previous analysis produced
forthe CCC and BEIS and develop pathways for the CCC (Box 4.2). This involved
gathering new evidence and using this within a new Net Zero Industrial Pathways
(N-ZIP) model. We also undertook new analysis internally on abatement pathways
for off-road mobile machinery (Box 4.3).

The Element Energy evidence gathering, N-ZIP modelling and our subsequent
pathways and scenarios have several key features. In particular, the results on the
pace of deep decarbonisation were carefully considered and account for
considerable new evidence.

e The pathway results account for time for supply chains to scale up and new
low-carbon technologies to scale up, based on consultation with industry
aboutwhatis possible if policy is putin place.

e The results allow fime forinfrastructure to be rolled out, for example for CO»
and hydrogen networks and consider the interaction of the location of sites
with when hydrogen or carbon capture and storage (CCS) options may
become cost-effective.

o The results allow time for effective policy to be developed and
implemented, before deployment.

e The modelling includes a broad set of technology options, with updated
cost data.

o The pace of decarbonisation is established to reflect a lev el of effort that is
consistent with that in other sectors of the economy, Net Zero ambition
overall and the UK's commitments under the Paris Agreement. This is partly
achieved through placing a value on carbon abatement to drive action
(see Chapter 1). Accounting for this value of carbon, the N-ZIP model is
used to identify when sites should decarbonise processes in order to
maximise the net present value of their overall operations. It simultaneously
accounts for the supply chain, infrastructure and policy considerations
outlined above. This approach balances the value of action with waiting
for a substantially cheaper technology.

e The scenarios account for non-cost factors, such as low salience of energy
costs for very small sites and the potential for a preference towards refrofit
over refitting.

o Our pathways of abatement from resource efficiency, energy efficiency
and material substitution were input into the N-ZIP model as assumptions.
This meant that deep decarbonisation measures were considered only for
adjusted energy and emissions ‘baselines’ that account for the efficiency
measures. Our analysis of fuel switching in off-road mobile machinery was
also passed through the N-ZIP model for completeness.
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¢ Inthe Balanced Pathway some deep decarbonisation actions are
included in the early years to ensure that options for further deployment
remain open in later years, reflecting real-life uncertainty about which
technologies will prevail. This also helps to bring down costs of technologies.

A few small amendments were applied to the deep decarbonisation abatement
measures coming from the manufacturing and construction pathways and
scenarios from the Element Energy analysis, resulting in a difference between the
results reported in the Element Energy report and our results.

In particular, CCS capture rates were adjusted in the period pre-2040 to 90%, from

higher rates. A final version of our off-road mobile machinery analysis was also
included at this stage.

Box M4.2

Summary of Element Energy analysis andreport on Deep Decarbonisation Pathways for
UK Industry

We commissioned Element Energy to improve our evidence base and develop pathways
for deep decarbonisation from UK industry emissions —currently 110.6 MtCOo2e in total of
which 66.2 MtCO2e is manufacturing and construction, 39.2 MtCO-e is fossil fuel supply
(see Chapter 6) and 5.1 MtCO2¢e is energy from waste (see Chapter 10).

The deep decarbonisation abatement technologies considered for each sector are
detailed in the ‘options to reduce emissions’ section of the relevant chapter of this report
(e.g. Chapter 4, section 2 for manufacturing and construction).

The research included four key components (a) advancingour evidence on the
constraints on the pace of technology and infrastructure deployment (b) improving our
evidence on technology availability, costs and non-cost factors determining technology
choice (c) considering geographical resolution within both these aspects (d) combining
these evidence bases in a net-zero industry pathways (N-ZIP) model to produce socially-
optimal industry decarbonisation pathways.

Given (a) — (c), the N-ZIP model accounted for:

— absolute constraints on pace relating to technology availability, supply chain
capagcity, CO2 and hydrogen infrastructure availability, biomass availability and time
to develop policy;

— cost model of all relevant decarbonisation options, accounting for the location of a
site relative to abatement options (e.g. hydrogen or CO2 transportation), the levels of
hydrogen and CCS use elsewhere in the economy, and the costs of scrappage; and

— salience of energy costs to the smallest energy users and the potential for a
preference towards retrofit over refit.

These factors fed into criteria for deciding when and which abatement measure (if any)
was socially-optimal to mitigate each emitting-process at each site:

— Net Present Value (NPV) atthe site-level was used to make decisions. This considers
the difference between the cost and benefits of abatement and the counterfactual.
It accounts for the discounting and the value of emissions that are abated.

— The model ranks the available decarbonisation options for each site for each year by
their NPV.

— The highest ranked option is initially chosen for each process on each site, providing
the NPV is positive. This wasthen checked against the model constraints. If a model
constraint was exceeded, the model switched to the next ranked option. Where
multiple options exceed a model constraint, those with the highest NPV were
prioritised.

Figure 4.4 sets out a schematic of the N-ZIP model methodology.
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Key model assumptions included:

— Long-run variable costs for energy (i.e. excluding profit and policy costs), were used.
These costs are consistent with fuel costs in the Sixth Carbon Budget analysis for other
CCC sectors (see Chapter 1). Element Energy analysis informed the costs of CO»
tfransport and hydrogen infrastructure.

— The capacity of supply chains limits the proportion of a subsector thatcan
decarbonise each year through deep decarbonisation measures. Following a
dedicated consultation, under the Balanced Net Zero Pathway the constraint was set
at 5%/year of baseline emissions in 2025, and increased annually by 0.5%/year until
reaching 10%/year, at whichit wasfixed from 2035 onwards. This constraint applied
independently to other constraints, such as technology availability.

— Target consistent carbon values are as set out in Chapter 1 for the Balanced Net Zero
Pathway, Headwinds, Widespread Engagement and Widespread Innovation
scenarios. Tailwinds uses a higher carbon value path of £450/tCO2e in 2050,
discounted backwardsby 3.5% per year.

— Where hydrogen can be used for fuel-switching, the existing appliance can be
retrofitted to used hydrogen. Itis assumed that existing appliances cannot be
retrofitted to use electricity and thatif conversion is applied before the lifetime end of
the counterfactual technology, then a cost of scrappage is incurred.

— Biomasss is only used in subsectors that are already using significant amounts of
biomass and is allocated according to the CCC hierarchy for biomass use (see
Chapter 6).

— The type of processes withinindustrial subsectors do not change in the period to 2050.

— The model used CO, capture rate of 95% for CCS in the Balanced Net Zero Pathway,
Headwinds, and Widespread Engagement scenarios and a capture rate of 9% in the
Widespread Innovation and Tailwindsscenarios. The CCC final results assume capture
rates of 90% up until 2040.

Nearly all emissions were allocated at least one suitable abatement technology.
Remaining emissions fell into two categories:

— Processes where no abatement was applied. This occurred where the abatement was
too expensive or no suitable abatement technology wasidentified.

— Residual emissions from abatement technologies that do not remove 100% of
emissions (e.g. CCS, reductions in flaring, venting and leakage).

Further details can be found in the Element Energy report published alongside this report:
‘Deep-decarbonisation pathwaysfor UK Industry’.
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Figure MB4.2 Schematic of the N-ZIP model '«
methodology

Source: Element Energy Element Energy (2020) Deep-decarbonisation pathways for UK Industry, report for the
Climate Change Committee

Source: Element Energy (2020) Deep-decarbonisation pathways for UK Industry, report for the Climate Change
Committee
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Box M4.3:

Summary of new research on decarbonising off-road mobile machinery

The analysis for off-road mobile machinery (ORMM) decarbonisation was carried out
internally by the CCC.

* For electric or hydrogen machinery, we assumed that they are linearly deployed and
displace conventional ORMM to reduce emissions.

* The composition of the fleet is based on the 2004 Department of Transport survey. For
the purposes of our work, we created categories of ORMM to encompass the wider
range of equipment that exists in the sector. These categories considered the power
and usage to estimate the confribution to emissions of different types of off-road
mobile machinery.

* Thereafter, wewere able to cost the low-carbon ORMM in each category. We
assume that the costs of electric and fuel cell batteries are the same in ORMM asin
fransport at £65/kWh and £174/kW in 2050, respectively. In addition, CCC analysis
provided us with electricity and hydrogen fuel costs.

* The core of our analysis evaluated hydrogen, electricity and biodiesel as potential
abatement options. In each of our scenarios, the option with the lowest NPV was
selected to decarbonise each category of off-road. This varied for each category in
the different pathways.In the Balanced Net Zero Pathway, deployment by 2050 is
mostly hydrogen for large machinery and electricity for small and medium machinery.

Source:Department for Transport (2004) Non-Road Mobile Machinery, Usage, Life, and Correction Factors, CCC
analysis
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d) Deriving the emissions paths for the devolved administrations

The use of site-level (and forsmall sites andregionally assigned data) in the N-ZIP
model provided emissions, abatement and costs data that could be attributed to
the devolved administrations (DA). For off-road mobile machinery, we did not
have regionally assigned data, so we assume the historical distribution of emissions
across DAs remain the same overfime.

We used this data to produce a pathway foreach DA foreach scenario. The
Balanced Net Zero Pathway for manufacturing and constructionin the devolved
administrations is shownin Figure 4.4.

The steep decline in Welsh emissions in the early 2030s reflects the conversion to
low-carbon production of Port Talbot Steelworks.

Figure M4.4 Balanced Net Zero Pathway
emissionsformanufacturingand constructionin «
devolved administrations
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e) Uncertainty

We have used the results of our analysis to inform ourrecommendations around
future deployment of industrial decarbonisation measures. However, there is much
uncertainty about many of the assumptions that we have used in our analysis.

Therefore, we have considered a range of sensitivities to the assumptions, to form
different pathways, with the purpose of identifying a range of different futures and
the most — and least — robust conclusions of the analysis.

More detail on the model sensitivities relating fo deep decarbonisation measures is
given in the accompanying report by Element Energy.'0 Sensitivities we explored
included varying the following assumptions:

¢ COzand hydrogen demand from other sectors did not result in significant
changes fo the amount of abatement or the opftions chosen.

e Biomass avdilability had a limited effect, but primarily because we
constrained the sectors for which biomass could be used. If relaxed, we
would expect a higher level of biomass uptake. However, even when using
this bioenergy with carbon capture and storage (i.e. BECCS), thiswould not
resultin overall lower emissions across the economy, as this would divert
biomass from other BECCS applications.

e Carbon values. We tested a higher carbon value in the Tailwinds scenario,
which increased abatement, and brought forward the dates at which
some abatement occurs.

e Supply chain constraints had an impact on the pace of roll-out of
abatement technologies. As a result, Element Energy conducted additional
research with stakeholders to inform this constraint.

e Electricity network upgrade costs had animpact on decision making. As a
result, higher connection costs were explored in the Headwinds scenario.

e Fuel costs influenced the abatement measure where a site had mulfiple
decarbonisation opftions, but only had a modest effect on the level and
pace of abatement as can be seen from our Headwinds scenario.

e Scrappage was included in the cost of electrification. When scrappage
was not allowed, this constrained the rate of electrification as an
abatement option. To explore this, scrappage was not allowedin the
Headwinds exploratory scenario.

We have used the results of these sensitivities to identify low-regrets options for the
decarbonisation of manufacturing and construction, as well as low-regrets
approaches to deploying hydrogen and CO; infrastructure. We have used the
scenarios to identify important near-term actions required to keep important
alternative pathways open.

Analysis on off-road machinery remains uncertain mainly due to the scarcity of
data. Indeed, the latest survey on fleet composition dates to 2004. As a result, it is
unclear how the fleet has and might confinue to evolve inthe future. In addition,
decarbonising ORMM with hydrogen will require the development of a hydrogen
infrastructure. Without hydrogen, reducing emissions would be possible, however
access to electricity on construction and mining sites would need to improve.
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Manutfacturing and construction
sector



The following sections are taken directly from Chaypter 3 of the CCC’s Advice
report for the Sixth Carbon Budget.xi

3. Manufacturing and construction

Our Balanced Net Zero
Pathway involves
manufacturing and
construction (M&C) emissions
cuts of 90% by 2040.

The pathway requires policy to
drive emissionsreductions ina
way that does not drive
manufacturers overseas.

25

Introduction and key messages

Our Balanced Net Zero Pathway sees manufacturing and construction emissions
reduced by 70% by 2035 and 90% by 2040 from 2018 levels, based on fuel-
switching, CCS and improvements to resource and energy efficiency (Figure 3.3.q).

This pathway has faster reductions than the pathway underpinning our 2015 Fifth
Carbon Budget advice. This reflects substantially improved knowledge of deep
decarbonisation and resource efficiency options (see Methodology Report) and
the shiftf to an economy-wide Net Zero target.

The pathway assumes that the Government establishes a policy framework to
support UK manufacturing to reduce emissions in a way that does not drive
manufacturers overseas and that benefits jobs and investment in UK
manufacturing (see Chapter 4 in the accompanying Policy Report and Chapter 6
in this report for more on competitiveness and jobs).

Figure A3.3.aSources of abatementin the
Balanced Net Zero Pathway for the
manufacturing and construction sector
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During the 2020s the Balanced
Pathway has increasing
implementation of new
technologies, policy, resource
efficient approaches, and
development of infrastructure
and supply chains.

Recycling, reusing and sharing
products,increasing product
longevity and reducing
material use through better
design, all play arole in
reducing M&C emissions inthe
Balanced Pathway.

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis.
Notes:The abatement from BECCSin the graph does notinclude the carbon captured, whichis accounted for thein
the removals subsection of Chapter3.

This section is splitintfo three sub-sections:
a) The Balanced Pathway for manufacturing and construction
b) Alternative routes to delivering abatement in the mid-2030s

c) Impacts of the scenarios: costs, benefits and co-impacts on society

a) The Balanced Net Zero Pathway for manufacturing and
construction

The pace of decarbonisation in the Balanced Pathway for manufacturing and
construction gradually accelerates through the 2020s to mid-2030s with the
increasing implementation of new technologies, policy, resource efficient
approaches, and development of infrastructure and supply chains. Most
decarbonisation of the sector is complete by 2040. Figure 3.3.a presents an
overview of the emissions reduction actions and timing of the Balanced Pathway
actions.

* Improvementsinresource and energy efficiency lead to the largest
emissions reductions in the early 2020s, with smaller contributions from
electrification, biofuel use and material substitution. Fuel-switching and CCS
deployment scale up from 2025.

¢ Infrastructures for CCS and hydrogen are deployed from 2025 in the
pathway, starting near industrial clusters. Electricity network connection
capagcity is also increased around newly electrifying sites. The 2030s sees
substantial scale-up across these three major networks.

e Policy develops rapidly to ensure that it pays forcompanies to implement
societally cost-effective measures and that non-financial barriers are
addressed. See the accompanying Policy Report for policy
recommendations.

¢ Supply chains scale up at pace inthe pathway. More workers acquire skills
to implement low-carbon measures, the supply of necessary technologies
and equipment grows, and the availability of finance increases.

Improvements inresource and energy efficiency and material substitution in the
Balanced Pathway reduce emissions by 12 MtCO.e per year by 2035, contributing
8 MtCO2e, 3 MICO2e and 1 MtCO.e respectively:

* Resource efficiency abatement gradually increases from 2020 to 2035.

* Improvements that reduce end-user consumption of new resources
cut emissions by 3 MtCOqe per year in 2035 (Figure 3.3.a). This includes
measures such as consumers using clothes and electronics products
forlonger, which may require improved durability.

* Measures that improve resource efficiency in production reduce
emissions by 5 MtCOqe per year in 2035. This includes measures such as
opftimising building design to reduce material use.
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» The resource efficiency measures can alternatively be splitinto the
following groups: design optimisation to reduce material inputs (3
MICOqe per yearin 2035), increasedrecycling and reuse (3 MICO»e,
of which half is through reuse of construction materials), increasing
product longevity (2 MICO2¢, largely from electronics), and increased
product utilisation and sharing (1 MtCO»e, including sharing leisure
equipment and car clubs).

Q%r%vyeg?ﬁgggg;féggfoeﬁgd * Energy efficiency improvements achieve emissions reductions of 4 MICO-e
largest emissions reductionsin per year by 2050. Measures in the most energy-intensive sectors are divided

the early 2020s. between heatrecovery (0.5 MtCO.e), process upgrade (1 MICO»e),

equipment upgrade (1 MtCOe) and integration/clustering (0.5 MtCO2¢),
with a further 1 MICOse in less energy intense sectors.

¢ Material substitution measures in the pathway include partial substitution of
clinkerin cement and the use of wood in construction, and increase
steadily overthe period to 2050.

Figure A3.3.b Manufacturing and construction
abatement and residual emissionsin 2050 in
Balanced Net Zero Pathway against
counterfactual processes
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Switching from fossil fuels to Fuel-switching reduces sector emissions in the Balanced Pathway in 2035 by 18
low-carbon fuels contributes . . . . .
the largest emissions MICOqe per year, increasing to 30 MtCOqe in 2045 (Figure 3.3.a). In the 2020s, a mix
reductionsin the Balanced of fuel-switching technologies are deployed to keep options open for subsequent

Pathway from the early 2030s. h . . . . . . .
deployment, given uncertainty about which fuel-switching options will prevail in

the 2030s. In the 2030s options are deployed where they are cost-effective under
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With falling electricity costs,
the Balanced Pathway has an
importantrole for
electrification.

Hydrogen usedinboilers, CHP,
generators, mobile machinery,
furnaces and kilns reduces
M&C emissions by 7 MtCOqe
per year by 2035.

CCS reduces emissions where
itis the only deep
decarbonisation option
available. Itis also applied to
fertiliser plants in the mid-2020s

The Balanced Pathwayhas
substantial action focussed in
industrial clusters. However,
decarbonisation of dispersed
sites is still considerable.

our cost assumptions - this results in a mix of electrification, hydrogen and
bioenergy deployment, reflecting variationin cost-effectiveness between different
applications and locations.

* Electrification reduces emissions by 9 MtCO.e per year by 2035, increasing
to 14 MICOqe by 2045. Electrification measures include electric boilers,
switching from on-site generation to a grid connection, electric arc
furnaces, electric mobile machinery, electric dryers and electric infra-red
heaters (Figure 3.3.b).

Some electrification options are infroduced in the early 2020s due to high
levels of technology and commercial readiness. Some electrification
measures involve scrapping existing assets before the end of their
expected lifespan. This reflects preferable economics over the alternatives
and the inability to retrofit some electrification options.

¢ Hydrogen use reduces emissions by 7 MICOqe per year by 2035, increasing
fo 14 MtCOqe by 2045. Hydrogen measures include hydrogen boilers, CHP,
generators, mobile machinery and kilns. Our latest evidence suggests that
these measures can typically be retrofitted, limiting the need to wait fora
replacement cycle or to scrap assets before fitting.

e Bioenergy use reduces fossil emissions by 2 MtCO-e per year by 2035
increasing to 2.5 MtCO.e in 2045. Its use is prioritised for sectors already
using bioenergy, such as cement and pulp, orwith the potential to fit CCS.
CCS is applied to all new bioenergy use in manufacturing and
construction4, apart from biofuel use in mobile machinery. In 2035, biofuels
confribute 0.5 MICOse per year of abatement, falling to zero by 2040. The
application of CCS to bioenergy results in further abatement of 3 MICO- in
2045 - this fraction of the BECCS is not accounted forin our manufacturing
results, but rather in greenhouse gasremovals (see section 11).

CCS reduces manufacturing emissionsin the Balanced Net Zero Pathway by 6
MICOqe per yearin 2035, increasing to ? MICO.e by 2045 (Figure 3.3.0). In the
pathway, CCSis applied to fertiliser plants, half of the UK's infegrated steelwork
capacity, and processes where it is the only deep decarbonisation option
available.

¢ Thereis 5 MtCO.e per year of abatementin 2045 from processes where we
have notidentified alternative options to reduce emissions to near-zero. This
includes processes that a) produce CO;from non-combustion processes,
such as cement production and b) combust fuels (sometimes called
internal fuels or off-gases) that are produced as part of the industrial
process.

e CCSisalsoapplied as alower-cost measure to existing ammonia/fertiliser
plants in the mid-2020s and half of the UK's integrated steelwork capacity in
the early 2030s. This contributes 4 MtCOqe per year of abatement in 2045.

¢ Smaller scale, more expensive CCS is deployedin the late 2030s and 2040s.

The geographical distribution of fuel-switching and CCS measures is focussed
around industrial clusters. However, there is still substantial abatement outside of
the clusters (Figure 3.3.c).

¢ The location of sites may affect the choice of deep decarbonisation option
when multiple options are possible — our evidence suggests that

4 We have not accounted forthe smallamount of bioenergy that we expect may be infroduced prior to the fitting of
CCs.
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Sectors with fewer sites, such
as iron and steel, can see fast
decarbonisation once started.

29

electrification has an advantage over hydrogen at dispersed sites, due to
differences in electricity and hydrogen distribution options and availability.

e Pipeline, train, fruck or shipping are considered as options to fransport CO»
from dispersed sites where CCS is their only deep decarbonisation option,
such as cement, lime and other minerdl sites.

Figure A3.3.c Map of deep decarbonisation
measuresin the manufacturing and construction
sectorsin the Balanced Net Zero Pathway in 2050

BECCS

™ ccs

(® Electrfication
Hydrogen

(® Reduced methane flare, vent and leck

Source: CCC analysis.

Notes: The individual piesrepresent emissions within a certain geographical radius and may include more than one
site. Map excludes small sites where geographical data was not available, which includes all industrial off-road
mobile machinery, together these constitute 42% of manufacturing and construction deep decarbonisation
abatement. Map does notinclude abatement of emissions from electricity generation, fuelsupply or waste. It does
notinclude abatement fromresource efficiency or energy efficiency measures.

The different subsectors of industry have different mixes of abatement measures
and slightly different paces of decarbonisation (Figure 3.3.d), reflecting their
different technology options, geographical distribution, underpinning infrastructure
requirements and opportunities for energy and resource efficiency.

* Resource efficiency measures have the most substantialimpact on the
cement & lime and iron & steel sectors, particularly as a result of measures
in the construction, vehicles and fabricated metal sectors. The paper sector
has the highest fractions of abatement from energy efficiency (38%in
2050), with a substantial saving from clustering and using waste heat from
other sites. The largest absolute abatement from energy efficiencyis in the

5 Compared to other sectors.
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chemicals sector (1 MtCO»e in 2050), driven largely by equipment
upgrades.

» Sectors with larger numbers of sites, smaller sites and more dispersed sites
decarbonise slower, such as food and drink, other manufacturing and
construction and off-road mobile machinery (which doesn’t have fixed
sites). Sectors with fewer sites, such as iron and steel, can see faster
decarbonisation once started.

formanufacturingand construction subsectorsin

Figure A3.3.d Abatement and remaining emissions '«
2050
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Consumption emissions also
decline in ourBalanced
Pathway, with arole for policy
on the carbon intensity of
imports.

31

Consumption emissions also decline on our Balanced Net Zero Pathway, reflecting
domestic decarbonisation actions, reductions in consumption thatreduce imports,
and policy on the carbon intensity of imports (see accompanying Policy Report)
and international decarbonisation action. Exploratory analysis of the effect of
these actions on consumpftion emissions is set out Figure 3.3.e.

Figure A3.3.e Indicative consumption emissions for
the combinedmanufacturing and construction
and fuel supply sectors and etfect of |mﬁor’r
policy under the Balanced Net Zero Pathway for
two scenarios of international action
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Source: CCC analysis.
Notes: Calculations are indicative. The consumption emissions baseline assumes simple % growth in consumption of
different sectors combined with NDC level actionintemationally. The territorial emissions baseline uses a different
methodology based on Government emissions projections (see Methodology Report). Import policy is assumed to
gradually improve the carbonintensity of imports to manufacturing, construction and fuelsupply is a production
basis.
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QOur four exploratory pathways
see different levels of
electrification and hydrogen
use.This reflectsuncertainty
about the relative
competitiveness of the options
in the future.

Low-regret options include
CCUS on process emissions
and energy efficiency.

b) Alternative routes to delivering abatement in the mid-2030s

Our four exploratory scenarios vary by pace (Figure 3.3.f), the measures they
contain, such as resource efficiency, fuel-switching, and CCS (Table 3.3.a) and
assumpftions (see Methodology Report).

The main divergences in pace are inthe Headwinds and Tailwinds scenarios
(Figure 3.3.f). In Headwinds, pace is slower because technology and fuel costs are
higher, there is less resource efficiency and companies are less wiling to electrify
because itinvolves a full equipment refit and possibly scrapping assets. In Tailwinds
the combination of lower technology costs, more Government support, businesses
acting beyond incentives and faster development of supply chains increase pace.

The most substantial variation in outcome between the scenariosis in the fuel-
switching options. This reflects the uncertainty around whether, where and when
electrification, blue hydrogen or green hydrogen will be most competitive,
although all scenarios have a mix of electrification and hydrogen.

Outcomes that vary less include energy efficiency and CCUS on process emissions.
Both are low-regret actions. The former islow-cost and for the latter there is no
alternative option.

Figure A3.3.f Emissions pathways forthe
manufacturing and construction sector «
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Table A3.3.a

Summary of key differences in the manufacturing and construction sector scenarios

Resource
efficiency

Balanced Net
Zero Pathway
High level driven

Headwinds

Moderate levels

Widespread
Engagement

High level driven

Widespread
Innovation

Moderate-high

Tailwinds

High level driven

Fuel-switching
and CCS

by mix of by consumer and | level driven by by behaviour and
behaviour and business innovative innovation
innovation engagement techniques and

business models
Balance of More blue Mostly Electrification and | Electrification and
electrification and | hydrogen than electrification, green hydrogen. green hydrogen.
(mostly) blue electrification. some green and Higher CCS Higher CCS

hydrogen

Wider use of CCS
on combustion
emissions

blue hydrogen.

capture rates.

capture rates.

Business attitude

Most businesses
follow incentives.

Business resistant

to change, prefer
to retrofit despite
of incentives.

Most businesses
follow incentives.
Faster supply
chain
development.

Most businesses
follow incentives.

Businesses follow
incentives and go
beyond. Faster
supply chain
development.

The average cost of
abatementin the M&C
Balanced Pathway is
£75/tCOqe.

Fuel switching and CCS in
the Balanced Pathway
increase M&C capital and
operating costs by £3
bilion/yearinthe eady
2030s.
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c) Costs and benefits of the Balanced Net Zero Pathway

The Balanced Net Zero Pathway will incur additional financial costs inthe
manufacturing and construction sector, as well as some savings from resource and
energy efficiency improvements. With well-designed policy, it can drive investment
and support jobsin the manufacturing and construction sectors (see chapter 5).

We estimate the annualised costé of the Balanced Net Zero Pathway for
manufacturing and construction to be around £1 billion/yearin 2030, £2
billion/year in 2035 and reaching £4 billion/year through the 2040s. In 2040 this
represents an average cost of abatement across all measures of around
£75/t1COqe.

* Additional capital costs are around £1 billion/year in the late 2020s
increasing to £2 bilion/year in the early 2030s and peak at around £3
billion/year in the late 2030s, before falling to around £2 billion/year in the
2040s.

e Additional operational costs from fuel-switching and CCS are around £0.5
billion/year in late 2020s, increasing to £1 billion/ yearin the early 2030s, £2.5
billionin the late 2030s andreaching £3 billion/yearin the 2040s. These may
be partially offset by savings of up to £1billion/ year fromthe late 2020s from
energy efficiency.

We estimate that the cost to the exchequer of enabling the deep decarbonisation
measures - fuel switching and CCS - in the Balanced Net Zero Pathway, ina way
that protects trade-exposed subsectors, would be around £2 billion/year in 2030.
This cost could reduce over time as policy is applied to imports and industry are
subsequently able to pass through costs to consumers. There may also be a further
cost to remove legacy levy control framework costs from industry power bills,

which is not accounted forin these estimates.

¢ Where capital costs are spread overthe lifetime of the investment.
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X CCC(2020) The Sixth Carbon Budget — Advice Report. Available at: www.theccc.org.uk
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Chapter 3

Policy recommendations for the
Manutfacturing and construction
sector
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The following sections are taken directly from Chapter 4 of the CCC's Policy report
for the Sixth Carbon Budget. 12
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Table P4.1
Summary of policy recommendations for manufacturing and construction

Setting vision and Set out a comprehensive, ambitious vision for decarbonisation of manufacturing and
ambition construction.

* The Government’s Industrial Decarbonisation Strategy should provide a clear vision of the
long-term policy mechanisms for industrial decarbonisation, including how policy will
maintain the competitiveness of UK manufacturing on the path to Net Zero.

* Toindicate ambition, Government should set targets for ore-based steelmaking and cement
production in the UK fo reach near-zero emissions by 2035 and 2040, respectively. This is
crucial to build momentum following the step-change in ambition necessitated by Net Zero.

* Decarbonisation of off-road mobile machinery should not be omitted from the
Government's set of plans and strategies.

Maintaining The design of policies to reduce UK manufacturing emissions must ensure that it does not
competitiveness damage UK manufacturers’ competitiveness and drive manufacturing overseas.

* In the nearterm, taxpayer funding should be used to support deep decarbonisation in
manufacturing sectors at risk of carbon leakage.

* Work should begin immediately to develop the longer-term options of applying either border
carbon tariffs or minimum standards to imports of selected emissions-intense products. This
should include developing carbon intensity measurement standards, mandating these are
disclosed and fostering international consensus around frade policies through the G7 and
COP presidencies.

Funding for fuel * Establish funding mechanism(s) to support operational and capital costs of both
switching and CCS electrification and hydrogen-use in manufacturing, to be awarded from 2022.

* Finalise the Contract for Difference mechanism to support industrial CCS.

* Continue to support innovation and demonstration of fuel switching and CCS technologies.

CCEH (NG RGN« Extend consumer product standards to cover how a product is made.

SiECEE * Work towards infroducing a mandatory minimum whole-life carbon standard for both

buildings and infrastructure.

Strengthening market * Create a clear incentive for non-tfraded manufacturing sectors to switch to lower-carbon
mechanisms energy sources byreforming energy and carbon pricing.

* Strengthen carbon prices and taxes on manufacturers.

* Reform electricity pricing to reflect the much lower costs of supplying low-carbon electricity
in the mid-2020s and beyond.

* Address manufacturers’ low appetite for risk, either though loans or grants.

Infrasiructure * Establish at least two CCS clusters in the mid-2020s, at least four by the late 2020s, and further
development clusters around 2030.

* Work with the minerals industries fo develop a detailed joint plan for CO2 transport from
dispersed sites.

* Prepare to make decisions aboutwhether initial areas of the gas transmission and
distribution networks should be converted to hydrogen.

* Plan for a potential increase in large localised network reinforcements for manufacturers.

Jobs and skills * Design industrial decarbonisation policies to support and create jobs, especially in regions
withreliance on industrial jobs. Prompt award of existing funding can help the recovery.

* Develop the capacity of skills and supply chains.
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The adoption ofthe Net Zero target means a step-change in ambition for
decarbonisation of UK manufacturing. Improvements in the evidence base also

support going considerably further than the pathway in our Fifth Carbon Budget
advice from 2015.

In order to drive the necessary changes in manufacturing and construction set out
in Chapter 3 of our Advice report, it will be necessary to move from the current
piecemeal set of policies, to a framework that drives ambitious decarbonisation
across the sector, without undermining the competitiveness of UK industries (see
Chapter 6 of the Advice report). Table 4.1 sets out a summary of our key
recommendations for how to enable this fransition.

Alongside this report we have published three pieces of supporting work on
policies for industrial decarbonisation. 131415

In this chapter we set out:

1. The existing set of manufacturing and construction decarbonisation
policies;

2. What policy is required to deliver our Balanced Pathwaly, in particular from
the Industrial Decarbonisation Strategy.
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1. Existing manufacturing & construction decarbonisation policy

Existing capital funding for
manufacturing
decarbonisationisworth
around £800m.

Table P4.2
Summary of capital funds for

Indusirial Energy
Transformation Fund
Clean Steel Fund

Industrial Decarbonisation
Challenge

Transforming Foundation

Industries Challenge

Industrial Fuel Switching
(Energy Innovation Fund)

Green Distilleries Fund18

Off-road mobile machinery
(Energy Innovation Fund)

There are several policies in place to support decarbonisation of manufacturing
and constfruction. These can be broadly grouped into (a) capital funding, (b)
ongoing decarbonisationincentives, (c) energy and resource efficiency policies,
and (d) strategy development. However, the level of ambition is insufficient, the
policies are frequently piecemeal, andrecent progress on several existing policies
has been slow.

a) Capital funding

The past three years have seen the launch of several capital funding schemes for
innovation and deployment of established decarbonisation measures inthe
manufacturing and construction sector. Their total value is around £800m (Table
4.2), and around £35m has so far been awarded through these schemes. The
Budget also suggested that the Energy Innovation Programme will support the
development of near-zero GHG emission off-road mokbile machinery.

In addition, there has been wider funding for carbon capture and storage (CCS),
including a commitment to provide £1bn (increased from £800m previously) for
COz transport and storage infrastructure in the recent 10 Point Plan. ¢ A further
£20m was spent on carbon capture, use and storage (CCUS) innovation through
the Energy Innovation Fund.

The Clean Heat Grant will also provide upfront support for the use of heat pumps
at up to 45kW capacity, which isapplicable to some space heating of
manufacturers’ buildings, a small fraction of overall manufacturing emissions.'”

manufacturing decarbonisation

Public
funding

Awarded
to date

Scope Spending timeline

Manufacturing Announced 2018. To be spent

decarbonisation by firms by 2024.

Steel decarbonisation £250m £0m Announced August 2019. To
be spent by Government from
2024.

CCS and fuel switching £170m £10m Announced 2018. To be spent

sites within clusters by firms by 2024.

Energy and resource £66m £5m Announced 2018. To be spent

efficiency by firms by 2024.

Fuel switching pilots £20m £20m Announced 2018. Awarded.

Fuel switching in disfilleries £10m £0m Announced 2020. To be spent
by firms by 2023.

Machinery previously using Unknown £0m Unknown, suggested in 2020

red diesel Budget.
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Government plans to bring
forward a Contract for
Differenceto support the

operational costs of industrial

CCs.

The Environment Billis creating
new powers for Government

to improve resource efficiency.

The Government plansto set
outits vision foralow-carbon
UK industrial sectorinspring
2021 inits Industrial
Decarbonisation Strategy.
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b) Ongoing decarbonisation incentives

There are several policies that provide or propose insufficient or piecemeal
ongoingincentives fordeep decarbonisationin the manufacturing sector:

e The EU ETS and its successor from January 2021 (either an UK ETS or emissions
tax)” provides some ongoing incentive, although the carbon price has
been too low to incentivise most deep decarbonisation measures. Free
allowances are allocated to companies deemed to be atrisk of carbon
leakage.

e BEIS have committed to bring forward details of anindustrial CCS Contract
for Difference (CfD) in 2021 whichwould support the operational costs of
manufacturing and refining CCUS. 1920

e The 2020 Budget's removal of red diesel tax relief for industrial off-road
mobile machinery from 2022 will help to encourage deployment of low-
carbon off-road mokbile machinery.2!

¢ The Non-Domestic Renewable Heat Incentive has provided some limited
support for the use of low-carbon heat in manufacturing. This will close in
March 2022.

c) Energy andresource efficiency policies

In addition o the proposed capital funding from the Industrial Energy
Transformation Fund and Transforming Foundation Industries Fund (Table 4.2), there
are several policies that help to improve energy andresource efficiency.

¢ The Climate Change Levy and Climate Change Agreements (CCA)
provide an incentive for energy efficiency. The 2020 Budget confirmed
plans for CCAs to run until March 2025.

o Ofher policies to improve energy efficiency include Streamlined Energy
and Carbon Reporting, Ecodesign and Energy Information (labelling)
regulations, Energy Savings Opportunities Scheme, Industrial Heat Recovery
Scheme as well as Buildings Regulations.

e The 2019-21 Environment Bill includes provisions to deliverthe 2018
Resources and Waste Strategy.22 It includes powers to extend producer
responsibilities, to incentivise producers to prevent products or materials
from becoming waste and promote reuse andrecycling of products or
materials. It also provides powers for Government to set product standards
and extend the charge on single-use plastics beyond carier bags. It builds
on the Circular Economy Package which transposed several EU regulations
focused on reducing waste and improving recyclinginto UK law.

d) Strategy development

The Government is planning to publish an Industrial Decarbonisation Strategy in
spring 2021, which will set out its vision for “a prosperous, low carbon UK industrial
sector” in 2050, that can “support industrial competitiveness and the green
recovery” and identify “opportunities fornew markets and sectors to develop”. The
strategy’s sectoral scope includes manufacturing andrefining, but not off-road
mobile machinery.

7Yet to be announced at the time of writing
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2. Whatis needed from the Industrial Decarbonisation Strategy

The Industrial Decarbonisation Substantial gaps and weaknesses remainin the Government's set of policies for
Strat dwid . . . . . ope
G;"Vgrgnyn?e”m_gg@;should be decarbonisation of manufacturing and construction. We have identified gaps,
comprehensive, provide a weaknesses, or areas for continued focus in the following areacs:

clear vision and be integrated
with wider policy. . . . X .
a) An overarching sirategy. Curent policy on decarbonising manufacturing is

piecemeal and needs an overarching strategy.

b) Supporting green jobs and the recovery. Government should support and
create jobs throughits industrial decarbonisation policies.

c) A plan for competitiveness consistent with NetZero. Free allowance
allocation may not be the most efficient way to achieve the combined
goals of deep decarbonisation and avoiding carbon leakage, in future.

d) Carbon and electricity pricing for decarbonisation. Existing carbon pricing is
too weak and not applied to non-traded manufacturers, and electricity
prices do notreflect costs appropriately.

e) Addressing manufacturers’ appetite for risk. UK manufacturers typically
require investments to pay back within at least a few years.

f)  Funding mechanisms for deep decarbonisation. Policy lacks support for
electrification andis too limited to upfront rather than ongoing costs.

g) Support forinnovation and demonstration. A range of key technologies sfill
require development.

h) Policy to improve resource efficiency, energy efficiency and material
substitufion. There are gaps in policy to support more resource efficient
products and construction.

i) Off-road mobile machinery. This area appearsto have fallen through the
gaps between Government Departments and planned strategies.

i) Infrastructure development. Electricity, hydrogen and CO; networks will all
require development or upgrade.

k) Target dates. Current ambition on manufacturing decarbonisation is
insufficient.

[)  Skills. The capacity of skills and supply chain needs to be encouraged.
The Government's upcoming Industrial Decarbonisation Strategy, policies to
improve resource efficiency and future policy on off-road mobile machinery

should address the gaps and weaknesses. We set out below our recommendations
in these twelve areas.

a) An overarching strategy

Current policy on decarbonising manufacturing and construction is piecemeal. An
overarching strategy is necessary to drive the changes necessary for Net Zero.

Government should publish an Industrial Decarbonisation Strategy in early 2021
thatis comprehensive, provides a clear vision andis integrated with wider policy.
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Government should designits
industrial decarbonisation
policies to support and create
jobs, especially in regions with

high reliance on industrial jolbs.

Prompt award of existing
funding can help the
recovery.

The design of policies to
reduce UK manufacturing
emissions must ensure that it
does not damage UK
competitiveness, leading fo
‘carbon leakage'.
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e Comprehensive. The strategy should address the gaps, weaknesses and
areas for continued focus that we have identified. It should cleary cover all
manufacturing emissions within the scope — areas that have fallen out of
scope (off-road mobile machinery) should be clearly covered elsewhere
(see subsection (i)).

e Clear vision. It should provide a clear vision of the long-term policy
mechanisms for industrial decarbonisation. This is crucial to shift
expectations and build momentum for decarbonisation of manufacturing.

¢ Integrated. It should set out how industrial decarbonisation policy will
integrate with other strategies including the Hydrogen Strategy, National
Infrastructure Strategy, Heat and Buildings Strategy and Energy White
Paper.

b) Policy to support jobs and the recovery

In our Progress Report in June, we recommended that Govemment should design
its industrial decarbonisation policies to support and create jobs, especiallyin
regions with highreliance onindustrial jobs. The Government’s recent Ten Point
Plan recognises this opportunity for “economic transformation of the UK's industrial
regions”.

Opportunities remain for the immediate future. Several funding schemes that have
already launched (see Table 4.2) can both support jobs and urgent priorities,
including demonstration of industrial fuel switching and CCS technologies,
development of industrial decarbonisation projects and the creation of a skilled
workforce and strong supply chain. Government should take this dual opportunity,
by ensuring prompt award through these schemes and by increasing the ambition
of the schemes.

Chapter 6, Section 1 of our Advice report talks further about the implications and
opportunities for employment.

c) A planfor competitiveness consistent with Net Zero

The design of palicies to reduce UK manufacturing emissions must ensure that it
does not damage UK manufacturers’ competitiveness and drive manufacturing
overseas (‘carbon leakage’). This would not help to reduce global emissions and
would be damaging to the UK economy. This is animportant consideration for the
Committee. Our Advice report (Chapter 6, Section 2) sets out details of three
pieces of work, published alongside this report, that we have commissioned or
collaborated on to improve our understanding of the policy options. 22425 It also
provides further details of the international context.

A key existing approach to decarbonise manufacturing without causing carbon
leakage is to require large manufacturers to pay for emissions allowances from an
Emissions Trading Scheme (ETS),8 but fo provide a free allowance allocation to
manufacturers at risk of carbon leakage, which they may sell or use to cover their
emissions.

This combination of an ETS with free allowance allocation, alone, may not be the

most efficient way to achieve the combined goals of deep decarbonisation and
avoiding carbonleakage, infuture.

8 Currently the EU ETS. From January 2021, the EU ETS will be replaced inthe UK by eitheran equivalent UK ETS or a UK
emissions tax.
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An emissions trading scheme
combined with free
allowances, alone, is unlikely
to provide a sufficient
incentive to enable deep
decarbonisationinthe near
term.

Taxpayer funding, border
carbon tariffs and minimum
standards offer alternative
approaches.

Taxpayer funded policies
should be usedin thenear
termto enable deep
decarbonisation and avoid
carbon leakage.

Free allowance allocation within an ETS can protect competitiveness, but
this combination alone is unlikely to provide a sufficient incentive to enable
deep decarbonisation of manufacturing. In the longer term, there may be
further issues, including relating to liquidity and consumption emissions.

— The policy is unlikely to provide sufficient incentive to enable deep
decarbonisation as a) costs forearly manufacturing deep
decarbonisation deployment will likely come at a premium above
expected carbon prices b) the uncertainty of the carbon price level
adds a further risk premiumto costs. ¢) upfront capital support is likely
to be required by manufacturers that seek very short payback periods
(in addition to an ongoing carbon price incentive).

- If a carbon tax combined with rebates or exemptions isimplemented
from January 2021 instead of a frading system, this islikely fo reduce
incentives for deep manufacturing decarbonisation further.?

— The existing EU ETS (and potential subsequent UK ETS) plans to reduce
free allowance allocation over the 2020s, which has left some
companies concemed at the level of protection.

- Inthe longer term, as the ETS cap falls, it may suffer from liquidity issues
if a large proportion (or even 100%) of participants continue to be
awarded free allowances.

— This approach does not have the potential fo reduce imported
consumption emissions, which may be a longer-term consideration.

Alternative approaches to enabling deep decarbonisation of manufacturing,
while avoiding carbon leakage include taxpayer funding, carbon pricing
combined with border carbon tariffs, and minimum standards. In the near term,
taxpayer funding should be used to support deep decarbonisation in
manufacturing sectors atrisk of carbon leakage given the lead-times for other
approaches and the need to make progress on decarbonisation over the 2020s.

Taxpayer funding of manufacturing deep decarbonisation projects would
maintain industrial competitiveness and bring down project cost of capital.

— Government has consulted on a Confract for Difference scheme to
support both some capital and operational costs of industrial CCS
projects. This, or other funding approaches, should be rolled out more
widely across deep industrial decarbonisation.

— Given the estimated costs of our scenarios set outin Chapter 3 of our
Advicereport, and that only part of industry is at risk of carbon
leakage, the required exchequer support to decarbonise
manufacturers at risk of carbon leakage would be around £2-3 billion
per year in the early 2030s, assuming manufacturers do not face
legacy policy costs on their electricity bills (see subsection (d)).

Border carbon tariffs® would raise the price of high-carbon imported
goods, by ensuring that they were subject to an equivalent carbon price fo
that faced by UK manufacturers.

— Under this approach, manufacturers would pay for their emissions
reductions, which could then be passed through to consumers in

? As companies would nolonger be able to sell their free allowances if they decarbonise, which provides anincentive.

°These are typically refered to as border carbon adjustments (BCA); however, some stakeholders also use the term
BCAs to encompass the application of standards at the border, which we treat separately. Therefore, we use the
border carbon tariff temminology for clarity.
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Policies to protect
competitiveness are likely to
need to transition from being
taxpayer-fundedin the near-
term towards applying border
carbon tariffs or minimum
standards.
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higher prices without competitiveness impacts. It would also send a
signal to other manufacturing countries to decarbonise their
production.

— This approach, and minimum standards (below), have challenges
associated with measuring the carbon intensity of imports and
internatfional trade tension.

— The EU and the new US administration have both announced plans to
infroduce border carbon tariffs.

e Minimum standards applied to imported goods (in line with domestic
standards) could also enable domestic production to decarbonise without
threat of being undercut by high-carbon imports.

- Standards could be applied on producers of goods or on purchasers,
and applied at the primary, intermediary or tertiary product stage.! As
with border carbon tariffs, this would lead to a premium price for low-
carbon goods meaning that consumers would bear the cost.

- Standards mandating near-zero-carbon intensity may need to be
infroduced later than the more flexible border carbon tariffs. Other
formulations of standards may have an earlier role, either through
partial reductions on carbon intensity of products or production, or
indirectly through other requirements, such as resource efficiency
requirements. Public procurement may also have arole.

Followinginitial taxpayer funding, the broad pathway is likely to need to involve a
fransition towards border carbon tariffs or minimum standards, or border carbbon
tariffs followed by minimum standards (Figure 4.1).

This transition reflects the likelihood that Government would seek to pass costs
through to industry and subsequently consumers, once there is an alternative to
subsidy mechanisms. The fiming of this fransition might be delayed insome areas
where other benefits of subsidy approaches (such as reducing the risk from carbon
pricing) make them desirable for longer. We estimate that providing support in this
way would cost the exchequer around £2-3bn per year in the early 2030s, after
which taxpayer support would fall.12

" Primary product: This would be an unmanufactured product, consisting of a raw material. Intermediary product: A
product thatis manufactured or produced from a primary product intended for use in a secondary product. It can
include steelor concrete, milk, or a car engine. Tertiary product: The final product for end use or consumption.In
agriculture and food, thiswould include ice cream; in fashion a dress; in buildingand construction a building and in
automotive manufacturing a vehicle.

12 gssuming manufacturers do not face legacy policy costs on ther electricity bils (see subsection (d)).
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Work should begin
immediately to develop the
longer-term options of
applying either border carbon
tariffs or minimum standards to
imports of selected emissions-
intense products

This will require developing
carbon intensity measurement
standards, mandating that
these are disclosed and
fosteringinternational
consensus around frade
policies.

Figure P4.1 Indicative timings of policies to achieve the
combined goals of deep decarbonisation and avoiding
carbon leakage

import-

policy
options H|HHH Carbon price/tax applied to imports H ‘

Minimum mandatory carbon
standards on imported and UK
products / production

(Border carbon tariff)

Taxpayer funded
mechanism

Free allowances and
rebates

Carbon pricing/taxation
2020 2050

Indicative timing of policies to support deep decarbonisation in sectors
at risk of carbon leakage

Source: CCC analysis

Notes: Dashed linesreflect uncertainty and complexity. For example, standards could represent standards of
differing ambition. Policies would likely apply to different products/sectors at different times. Taxpayer funding range
intended to indicatefirst year of support (for example, for a CfD contract, which may thenlast forseveral years).

Work should begin immediately to develop the longer-term options of applying
either border carbon tariffs or minimum standards to imports of selected emissions-
intense products. This will provide Governments with the option to reduce the
proportion of the cost of manufacturing decarbonisation that is borne by the
taxpayer. With these options developed, Government will be able to decide on
the appropriate mix of instruments, in consultation with the affected industrial
sectors. Itis particulary crucial to start work now, as many of the barriers could fake
substantial time to overcome.

To develop the longer-term options of applying either border carbon tariffs or
minimum standards to imports Government should:

e Develop carbon intensity (or broader) measurement standards for selected
industrial products and industrial processes, by working with industry and
the infernational community.

e Mandate disclosure of the carbon intensity (as defined by the new
measurement standards) for selected industrial products and industrial
processes in the early to mid-2020s.

e Fosterinternational consensus surounding future carbon border/trade
policy for products, using the UK 2021 G7 and COP presidencies. This will
likely require engagement with the World Trade Organisation (WTO), to
ensure future policy is developed to be WTO compliant.

While the assessment above focuses on fraded® manufacturing, the principles are
also applicable to non-tfraded manufacturing at risk of carbon leakage. However,

for these sectors a basic incentive for decarbonisation, such as a carbon price is
required first (see subsection (d) below).

13Those companies currently covered by the EU Emissions Trading Scheme
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Policies that apply to the
carbon intensity of imports
would also likely reduce the
imported element of our
consumption emissions.

Government should create a
clear decarbonisation signal
for the non-tfradedsector.
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We note that some of the policies above are more obviously applied to imports to

provide a level playing field for UK producers, but they could also be applied to UK
exporters. For example, border tariffs could also involve rebates to exports from UK

firms that have reduced emissions without full taxpayer support.

Policies that apply to the carbon intensity ofimports would also likely reduce the
imported element of our consumption emissions. Chapter 3, Section 3 of our
Advice report sets out an indicative effect on consumptions emissions under our
Balanced Pathway, taking into consideration two different levels of international
climate action.

d) Carbon and electricity pricing for decarbonisation

There are several gaps orweaknesses in the existing and emerging set of incenfives
for decarbonising manufacturing.

e Thereis nota clear carbon price on manufacturersin the non-traded sector
(i.e. those notin scope of the existing EU ETS).

¢ The strength of carbon prices applying to manufacturers is typically
insufficient to drive actionin line with our Balanced Pathway.

e Electricity prices are well in excess of costs that would reflect supplying
exira low-carbon electricity.

i) Create a clear decarbonisation signal in the non-traded
sector

There is not a clear carbon price on manufacturersin the non-tfraded sector. The
closest policy is the Climate Change Levy (CCL), which is a tax on energy use that
has been levied since 2001. The main CCLrate is currently 66% higher on electricity
than gas, with a higherrebate applied on electricity (92%) than gas (83%) for
Climate Change Agreement (CCA) holders.* While Government plans to equalise
the tax on electricity and gas by 2025, this will still not provide an incentive fornon-
CCA holders to use electricity over gas.

Government should reform overall energy and carbon pricing so that thereis an
incentive to switch fo lower-carbon energy sources in the non-traded
manufacturing sectors. Two options to achieve this are:

e Extend the future fraded sector carbon pricing policy (either a UK ETS or
emissions tax) to the existing non-traded sector.

o Reform the Climate Change Levy towards reflecting carbon content, so
that electrification is cleary incentivised. If this approachis taken, there
may be value in reviewing the role of Climate Change Agreements as the
mechanism to incentivise electrical energy efficiency and protect sectors
atrisk of carbonleakage.

14 Applies to 43% of 'industry' energy use - BEIS (2020) Evaluation of the second Climate Change Agreements scheme.
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Carbon prices and taxes
should be strengthened.

Electricity pricing should be
reformed toreflect themuch
lower costs of supplying low-
carbon electricity in the mid-
2020s and beyond.

Government should establish
policies that address
manufacturers’ low appetite
forrisk, either though loans or
grants.

i) Strengthen carbon pricing

Carbon prices and taxes on manufacturers are currently below the levels that we
estimate are consistent with our Balanced Net Zero Pathway.

We recommend that carbon prices and taxes on manufacturers should be
strengthened, while we recognise that this may not be the only policy mechanism
to support decarbonisation.

e Forthe fraded sector, if the UK has an ETS from January 2021, this
strengthening can be achieved by using our Balanced Net Zero Pathway
to set the cap for the UK ETS (see Chapter 10 of the Advice report).

e Forthe non-fraded sector, a tax, or equivalent, should be set well above
the existing levels fromthe EU ETS fo enable our Balanced Net Zero
Pathway. This will require the non-tfraded sector to be covered by some
form of carbon pricing, as recommended above.

All carbon pricing should be designed to include measures that protect against
carbon leakage, as set outin subsection (c).

i) Ensure cost-reflective electricity pricing

At present, industrial electricity prices are wellin excess of the costs that would
reflect supplying extra low-carbon electricity (e.g. from additionalinexpensive
extra offshore wind). This difference is a barrier to electrification in manufacturing
(and other sectors - see Chapter 6 of the Advice Report).

We recommend that electricity pricing is reformed to reflect the much lower costs
of supplying low-carbon electricity in the mid-2020s and beyond, so that
electrification can play a cost-effective conftribution to decarbonisation.

e) Addressing manufacturers’ appetite for risk

UK manufacturers typicdally require investments to pay back within at least few
years, shorter than required by most other businesses. Thisreflects a lower appetite
forrisk and is a barrier to investment in measures to decarbonise manufacturing.

Government should establish policies that address thislower appetite forrisk. There
are two clear options:

e Government could seek to provide tailoredloans for manufacturers, that
reduce risk to manufacturers and enable them fo invest. This could involve
below-market-rate loans or be delivered through the new National
Infrastructure Bank. This approach may also need to address the
reluctance of some manufacturers to take loans onto theirbalance sheets.
Chapter 1 contains further recommendations on financing.

¢ Government could provide capital grants, potentially embedded within
policies. The draft Confract for Difference for industrial CCUS proposes to
include an element of capital funding. The Industrial Energy Transformation
Fund is considering grants to support energy efficiency measures that have
longer payback periods.
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funding mechanism(s) to
support upfront and operationd
costs for both electrification ond
hydrogen use in manufacturing
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gap.

Demonstration projects are
needed to enhance industry
confidence innovel
technologies.
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f) Funding mechanisms for deep decarbonisation measures

Electrification, use of hydrogen and application of CCS all scale up from 2025in
our Balanced Pathway forthe manufacturing sector. This will require a funding
mechanism or business model fo enable this early deployment. However, current
policies and proposals do not consider a business model to support
electrification15 orthe use of hydrogen and are too limited to supporting upfront
costs rather than ongoing operational costs.

Government should establish funding mechanism(s) to enable both electrification
and hydrogen-use in manufacturing.

e The mechanism(s) will need to support the operational costs of these
measures, as well as some of the upfront costs.

e This could be achieved by extending the proposed industrial CCUS
Conftract for Difference, in a similar way to the Netherlands’ Sustainable
Energy Transition Scheme.

e The mechanism(s) should award to projects from 2022, to enable
deployment from 2025.

Government should also finalise the Contract for Difference mechanism to support
industrial CCS, to enable manufacturing CCS projects to be operating in 2025.
Bioenergy with CCS and waste with CCS should also be considered within these
mechanisms.

It is likely that funding mechanisms will be required across the different parts of
manufacturingin the early stages of deployment: traded and non-fraded, and
sectors af (and not at) risk of carbon leakage. A fransition away frominitial funding
should be a lot faster for sectors not at risk of carbon leakage.

The development of such mechanisms can help to drive investment in UK
manufacturing, by reducing the policy risk that exists as a result of a lack of clear
climate change policy for manufacturers.

g) Support for innovation and demonstration

The manufacturing and construction sector is diverse, involving a wide variety of
different industrial processes, which willrequire different low-carbon technologies.
Analysis we commissioned from Element Energy sets out many of these
technologies.?¢ Several of these technologiesrequired for Net Zero are still at earlier
stages of development and require support for development. The Government has
provided some initfial support through its Energy Innovation Programme.

Government should provide further support for innovation and demonstration.
These demonstration projects are needed to enhance industry confidence in novel

technologies, enable a better understanding of costs andrequirements of different
options and keep opftions open for different future scenarios.

15Beyond the very limited industrial application of the Non-Domestic Renewable Heat Incentive.
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Government should extend
product standards to cover
how a productis made.

Government should work
towards infroducing a
mandatory minimumwhole-
life carbon standard for both
buildings and infrastructure.

h) Policy to improve resource efficiency, energy efficiency and
enable material substitution

Our Balanced Net Zero Pathway includes a range of resource efficiency, energy
efficiency and material substitution measures. The measures can broadly be split
between the following groups.

e Consumer product related measures, including increasing product
longevity; increasing product utilisation and sharing; optimising product
design to reduce material inputs; and increasing recycling andreuse of
products.

¢ Construction related measures, including optimising construction designs to
reduce material inputs; increasing reuse and recycling of construction
materials and material substitution.

e Manufacturing energy efficiency improvement measures.

Carbon and energy incentives (subsection (d)) and policy to address
manufacturers’ appetite forrisk (subsection (e)) can help to encourage some of
these measures, butin many cases non-financial policy isrequired. We set out
policy recommendations to encourage the three groups of measures below.

i) Consumer products

The Government is taking steps to improve the resource efficiency associated with
products, including through the Environment Bill's new provisions. However, the
Government should go further. The Government should:

e Ensure continuous improvement to product standards, building on the
success of the Ecodesign regulation. Coverage should expand to include
major consumer goods and extend to consider how a productis made,
through resource efficiency indicators such as the level of recycled content
and critical material content, as well as how repairable, durable and
upgradeable a product is.

e Consider whether the forthcoming plastics fax should be expanded to
cover other single-use materials.

e  Work with business to develop policies to facilitate more sustainable
consumer behaviour such as incentivising the use of car clubs and ‘libraries
of things’, discouraging ‘disposable’ business models such as fast fashion.

i) Construction

There are currently few policies in place to improve resource efficiency and
incentivise material substitution within construction of assets such as buildings and
infrastructure.? Standardised approaches to calculating embodied caroon ata
building or infrastructure level are largely voluntary. To improve resource efficiency
and incentivise material substitution within construction the Government should:

e  Work with industry to agree a standard forthe ‘whole-life’ carbon footprint
of buildings and infrastructure.

e Infroduce mandatory disclosure of whole-life carbbon in buildings and
infrastructure fo facilitate benchmarking as soon as possible.
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simplifying energy efficiency
policy, for example by
merging SECR and ESOS.

Policy on off-road mobile
machinery appearsto have
largely fallen through the gaps
between Government
Departments and planned
strategies.
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e Following this, infroduce a mandatory minimum whole-life carbon standard
for both buildings and infrastructure which strengthens over time, with
differenfiated targets by function and usage. Forhomes, this standard
should be included within the Future Homes Standard.

This could also provide a driver for decarbonising construction materials such as
steel and cement. However, we do not think this should be the primary measure to
support the initial uptake of transformative measures such as fuel-switching and
CCS in these sectors. This is because steel and cement plants typically have a
diverse set of customers, for which coordination would be challenging for this
demand-side policy. This standard may also provide a route to decarbonising off-
road mobile machinery on construction sites (see subsection (i)).

iii) Manufacturers’ energy efficiency

A range of schemes currently support energy efficiency. Ambition will need to be
fightened to meet our Balanced Pathwayy, including by strengthening energy and
carbon pricing (subsection (d)) and addressing manufacturers’ low appetite for risk
(subsection (e)).

The Government could also consider strengthening enabling policies, such as
mandating the use of Energy Management Systems. There may also be room for
simplifying policy, for example by merging Streamlined Energy and Carbon
Reporting (SECR) and the Energy Savings Opportunities Scheme (ESOS).
Furthermore, Climate Change Agreements may require reform, after the
upcoming round (see subsection(d)).

i) Off-road mobile machinery

Policy on off-road mobile machinery appears to have largely fallen through the
gaps between Government Depariments and planned strategies. However, with
emissions of around 12 MtCO.e in 2018 from off-road mobile machinery across
sectors¢ (around half the emissions of Heavy Goods Vehicles), this area should not
be ignored. This is emphasised by recent research suggesting that products of such
low-carbon machinery may be an area of competitive advantage for the UK. 28

We recommend that, failing its inclusion in either the Industrial Decarbonisation
Strategy, Heat and Buildings Strategy or Transport Decarbonisation Strategy, it
should be covered by the Net Zero Strategy.

This should set out a clear planto develop near-zero emission off-road mobile
machinery (ORMM,) for applications where these are not yet available and
increase deployment for ORMM applications where options are already available.
The standard on embodied carbonin construction recommended in subsection
(h) could be one way to increase deployment of low-carbon ORMM. The plan will
also need to address the potential challenge of providing a distribution
infrastructure for future fuels.

j) Infrastructure development

Electricity, hydrogen and CO; networks will all require development or upgrade in
our Balanced Pathway. This will require actions on behalf of Government,
regulators and network operators.

166 MICO,e/year from industrial off-road mobile machinery
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Government should establish
atleast two CCS clusters inthe
mid-2020s, at least four by the
late 2020s, and furtherclusters
around 2030.

Government should work with
the minerals industries to
develop a detailed joint plan
for CO; transport from
dispersed sites.

i) CO2 fransport and storage infrastructure

CO; transport and storage networks need to be developed to enable CCS across
manufacturing and other sectors. Government has recognised the need to do this
and has consulted on a support mechanism. Network infrastructure is likely fo be
focussed around a series of CO,terminals and cluster points (Figure 4.2).

Government should establish at least two CCS clusters (terminals or cluster points)
in the mid-2020s, at least four by the late 2020s, and further clusters around 2030, to
ensure our Balanced Pathway can be met.

Our manufacturing Pathway also requires CCS to be fitted to a range of dispersed
sites, particularly in the minerals sectors, such as cement and lime, with these
sectors applying CCS (or potentially some CCU - Carbon Capture and Use) to all
sites by 2040, with early projects starting in 2030. This may require substantial pre-
planning as the fransport of CO, will be more challenging than forsites located in
clusters. It may involve frucking, shipping, frains or long pipelines, as identified by a
study commissioned by BEIS.? Establishing options, such as pipelines, could have
long lead-times.

Given there is no likely alternative to CCUS for deep decarbonisation of these
sectors and the possibility of long lead times, Government should work with the
minerals industries to develop a detailed joint plan for CO;transport from dispersed
sites.

Figure P4.2 Potential locations for cluster points and
terminals for COz2 transport and storage infrastructure
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Government andregulators
should prepare to make
decisions about whetherinitial
areas of the gas transmission
and distribution networks
should be converted to
hydrogen.

Ofgemand the network
operators should make plans
for a potentialincrease in
large localised network
reinforcements for
manufacturers.

Government should settargets
for UK ore-based steelmaking
and cement production to
reach near-zero emissions by
2035 and 2040, respectively.

The capacity of skils and
supply chainsneeds to be
increased, which willrequire
supply chains and skils gaps fo
be mapped.
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i) Hydrogen distribution

We anticipate that early hydrogen deployment in manufacturingin the second
half of the 2020s will not be distributed through the existing gas networks (outside of
trials), but rather via dedicated pipelines, orinsome cases trucked. Hydrogen starts
to be used via the existing gas networks (combined with dedicated new pipelines)
from 2030 in our Balanced Pathway, starting near the industrial clusters.

Government andregulators should prepare to make decisions about whether
initial areas of the gas fransmission and distribution networks should be converted
to hydrogen. These should be made on a cross-sectoral basis (see Chapter 3,
Figure 3.3).

Future hydrogen (and alternative fuel) distribution plans should also consider the
needs of off-road mobile machinery, which use around a fifth of the hydrogen
consumed in manufacturing and construction in our Balanced Pathway. These are
not typically located near clusters or with a grid connection.

iii) Electricity network upgrades

If a manufacturer decides to electrify its processes that currently use fossil fuels, it
may require localised electricity network reinforcements. With widespread
manufacturing this could necessitate a lot of localised network reinforcements.
Ofgem and the network operators should prepare for this eventuality, which
provides a different challenge to the larger but more evenly spread uptake of
electrification of buildings and transport.

k) Target Dates

Meeting the Sixth Carbon Budget will require decarbonisation actions to ramp up
across the economy. In manufacturing, it will be particulary important to develop
the momentum behind change. To achieve this, we recommend that the
government set the following targets to indicate ambition.

e Governmentshould target near-zero emissions from ore-based
steelmaking'” inthe UK by 2035. This couldinclude CCS applied with high
capture and applicationrates.

e Governmentshould target near-zero direct emissions from the cement
sector by 2040.18

1) Skills

As a key constraint for the pace of the Balanced Pathway, the capacity of skills
and supply chains needs to be increased. While this can be partially achieved
through demonstration projects, additional work on mapping supply chains and
future skills gaps is likely to be needed.

As part of this, engineering, procurement and construction organisations and
fraining institutions need to be engaged and consulted on new training courses for
the required upskiling. Thisshould involve a role for the Engineering Construction
Industry Training Board (ECITB) and the Govemment'’s new Green Jobs Taskforce.

7 This is typically based on using coke — arefined form of coal - in blast furnaces.
18This excludes the negative emissions from BECCS, which would take the sectornet negative.
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