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Practical gas network measures could help close a quarter
of the gap to achieving carbon budgets in buildings and
Industry

» According to the CCC, low carbon investment in buildings and industry is off-track. We estimate the gap in these sectors
between required abatement* and business as usual emissions** is 47 MtCO2e/year in 2035 for Great Britain.

* We have identified practical, cost effective and realisable ways in which the gas networks could help bring decarbonisation of
these sectors back on track, reducing the gap by at least 11 MtCOZ2e/year in 2035 (i.e. by 23%), provided policymakers and
regulators put in the right supportive actions

+ These measures would have wider energy system benefits, including delivering an additional 2 MtCOZ2e/year in 2035 by
supporting decarbonisation of dispatchable power and supporting the flexibility provided by remaining gas-fired generation.

Actions Measures

Impact (MtCO2e
saved in 2035

o Step change in biomethane injections: 60 TWh by 2040 4.5

Clear strategic vision _ _ +2MtCO2e

Blending hydrogen in natural gas networks 0.8 for power
Supportive business Repurposing part of the gas network for 100% hydrogen 1.8
models for industry and _ o

households Reducing gas networks’ own emissions 0.5
Financing the required 940,000 additional hybrid heat pumps by 2035 2.0
network expenditure 1 million additional district heating connections by 2030 1.1

Note: Our approach, key assumptions and uncertainties are detailed later in this report. *Carbon budgets, adjusted for expected delivery in other sectors and in Northern Ireland based
on CCC'’s Balanced Net Zero Pathway. **Based on NESO Future Energy Scenarios 2024 Counterfactual Scenario emissions for buildings and industry.
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https://www.theccc.org.uk/publication/progress-in-reducing-emissions-2024-report-to-parliament/

Introduction and summary
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Current policies will be insufficient to meet carbon
budgets in the 2030s

* The Climate Change Act 2008 sets legally binding carbon budgets to Projected greenhouse gas emissions across UK economy —

achieve Net Zero by 2050, with significant emissions reductions required CCC assessment of policies in place v. legal targets

by the 2030s
500

* The carbon budget framework recognises the importance of early - - . o
emissions reductions on the path to 2050 Net Zero targets o 0 RN
+ Based on CCC analysis: é 400 S
= The current rate of low-carbon investment in buildings and g% g
industry is off track to meet future carbon budgets é 300
= While there are credible plans in place to deliver some of the . —
emissions reductions required to meet the fifth and sixth carbon 2 200
budgets, risks surround the remainder of required savings (see o 150
RHS image) g 100
* In addition, following the publication of the CCC’s advice in early 2025, E 50
the Government is expected to legislate on the seventh carbon budget 0 . . T
(2038-42) CB4 average CB5 average CBé average
. . : 2023-202 2028-2032 2033-203
* Further steps will need to be taken to accelerate emissions reductions to t /) ‘ J | /)
meet legally binding targets. As we later go on to explain, we have Credible plans Some risks Significant risks
identified practical, cost effective and realisable ways in which the s nsuficient plans Unquantifed plans Target set affer Net Zero
gas networks could support decarbonisation, contributing to 13 e bt et 2 - - -
"""" argert se elore iNe ero . ovemment parnway L aselne

MtCO2elyear additional emissions savings in 2035
Source: CCC 2024 Progress Report
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https://www.theccc.org.uk/publication/progress-in-reducing-emissions-2024-report-to-parliament/
https://www.theccc.org.uk/publication/progress-in-reducing-emissions-2024-report-to-parliament/

Gas networks are already contributing to
decarbonisation efforts

The GB gas network consists of 284,000km of pipelines! and currently serves ~700TWh/year? GB energy demand in buildings,
power and industry. Network operators are currently supporting emissions reductions in several ways

N
Transporting low- 128 biomethane sites currently connected to the gas grid, with capacity for over 10TWh of
1 carbon energy renewable gas production?® (displacing natural gas consumption)
n J
] )
Reducin Since 2000, methane emissions from gas leakage in the network as a whole have fallen
i g gas . 97 o= = : .
by 50%, predominantly through replacing iron distribution pipes with plastic* (current
LD network energy . : S
; NISE AT programme scheduled to continue to 2032, further reducing emissions)
i e T National Gas has started work to replace certain compressor units on the transmission
1 network®, which should further reduce emissions from venting and energy use
by oo /
g ;:Jm:x:x::: gt e ”y\ e . o Lt \
5H Energy stored within gas networks (“linepack”) is a significant source of within-day
ol | flexibility (1.7TWh, equivalent to 188 Dinorwig-scale pumped hydro storage schemes®) -
:E:Jm:lj i enables (among other uses) flexible gas-fired generation to back-up intermittent
N renewables and meeting peak heating demand y

Image source: IGEM

Notes: 1. ENA Gas Goes Green. 2. FES 2024 Table ES.27 reports gas consumption (excluding exports) of 670TWh in 2023 and 750TWh in 2022. 3. IGEM. 4. UK Government 2022
Methane Memorandum. 5. NGT RIIO-3 Business Plan. 6. IGEM
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https://www.energynetworks.org/assets/images/ENA%20GGG%202021%20Programme.pdf
https://www.gov.uk/government/publications/united-kingdom-methane-memorandum/united-kingdom-methane-memorandum
https://www.gov.uk/government/publications/united-kingdom-methane-memorandum/united-kingdom-methane-memorandum
https://www.nationalgas.com/sites/default/files/documents/NGT_Main_Business_Plan_RIIO_GT3_EXT.pdf

In this report we consider how gas networks can
contribute to further emissions reductions during the

2030s

« Understand the different technical options for increasing gas networks’ contribution to emissions

Study reduction targets, with a focus on the 2030s

goals : . : :
» Understand the policy and regulatory changes that could facilitate these technical options

4. Areas for further
research and
innovation

Study 1. Feasible technical 2. Costs, benefits
tasks options and impacts

Quantitative and qualitative
assessment
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There are three routes by which gas networks can
facilitate significant emissions reductions

Further reducing gas network
energy use and emissions

Transporting more low-

carbon energy

« Accommodating increased
biomethane uptake

« Enabling COZ2 transport and
low-carbon hydrogen through

« Encouraging gas hybrid
heating systems for difficult-
to-electrify domestic
properties

« Advanced leak detection and
intervention (including further
pipeline replacement post-

oo T e — — — —
o o —
N o o o o e o o o e e o e o e w2

repurposed networks 2032) o |
- Supporting hydrogen . Reducing compressor * Increased district heating
blending emissions (with gas as back-up /
peaking technology)
Key :

+ Full assessment (quantitative and qualitative)
* High level assessment only
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The quantified measures could tackle 23% of the gap to
meeting CB6 emissions goals for GB industry and

buildings

* Practical measures. The
measures for which we have
guantified emissions savings
are either deployed already
today (biomethane, hybrid
heating and gas in district
heating) or are at an
advanced stage of
development (i.e. trials
complete / ongoing)

« Early emissions savings.
These measures can make a
material contribution to
meeting Carbon Budgets in
the 2030s, at a time when the
set of practical abatement
options are more limited

Contribution of measures to addressing GB industry and buildings sector emissions gap*,
2035

0 470
45 —
h 18 o8 N
= w -4, _ 36.3
% g 2 4.5 0.5 2.0 e
E % O 25 Estimated abatement costs for all
T w= 20 measures (except district heating)
S e 15 are either below or within 5% of
< o 10 central Government carbon values
for appraisal purposes — see
S Section 2
0
Total gap  Repurposing H2 Biomethane Leakage Gas Hybrid  Gas District Remaining
100% H2** Blending Management Heat Pumps Heating gap

Note: Given the project scope, a comprehensive assumptions review and modelling exercise was not possible for each measure. The quantitative results should therefore be viewed as being indicative only
*Gap defined as difference between emissions without policy action (based on FES 2024 Counterfactual) and required abatement in the buildings and industry sectors in GB. Required abatement for buildings
and industry is equal to the average annual emissions implied by carbon budgets, less projected contributions to emissions reductions from other sectors and in Northern Ireland, based on the CCC Balanced

Net Zero Pathway.

**For 100% hydrogen, our emissions savings focus on power and industry sectors. Low-carbon hydrogen derivatives are also expected to be relevant for aviation and shipping, though will be less reliant on
networks (and, in the case of aviation fuels, unlikely to be deployed at scale until the late 2030s)
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Key actions required from Government and Ofgem
over the next few years to enable abatement potential

carbon energy
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emissions

Biomethane

H2 blending

Repurposing
networks for H2

Advanced leakage
management

Reducing
compressor
emissions

2025 | 2026 |
By end-2025: Government to set ambitious goals for biomethane By end-2026: Government to specify the business model for
injections; Ofgem to confirm approach to supporting injection biomethane production and injections post-Green Gas Support
capacity increase during network price control period 2026-31 Scheme closure (in 2028) + re-examine propanation requirement

By end-2025: Government to make strategic decision on transmission-level blending
& maintain work programme on distribution blending; establish H2 production

business model for blending as an offtaker (enabling contract awards in 2026) In addition:

« Government to make
ongoing progress against
H2 strategy (incl. support
for H2 production, industrial
transformation, and H2

H1 2025: Government and Ofgem to clarify how
preparatory works for H2 networks will be financed

By end-2025: Ofgem to confirm approach to shrinkage / leakage measures networks) _
going beyond current legislation (for both transmission and distribution) as part * Gas networks (with Ofgem
of Draft / Final determinations for network price control period 2026-31 (RIIO-3) support) to continue

research into how the
contribution of gas
networks can be maximised

By end-2025: Government to make financial support available .
y v ! 1a’ Supp vel (see Section 4)

for hybrid installations (e.g. via Boiler Upgrade Scheme) and/or
reduce electricity levies

End-2026: Ensure sufficient funding for district heating to
meet ambitions for growth following end of Green Heat
Network Fund
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gy networks



1. Feasible technical options assessed
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We considered potential opportunities for reductions
across the gas value chain...

Upstream > < Midstream > < Downstream —*
Natural gas expl_oration Natural gas > Natural gas Underground Distribution ) Industry
and production processing storage storage
! Y A
' ————————————————————————————————————— o<

Blue hydrogen Hydrogen Low-carbon
production processing hydrogen v Y NN Power plant
A

Gas transmission —»| Gas distribution

\ 4

1

Electrolytic hydrogen :
production : 2 2

1

y T TTTTTTTTTTTTmTmmoTmmmTmmmmmmm T —> Households

Synthetic methane > Synthetic
production methane
Biogas production Biomethane : | Alternative fuel blended into the gas ., Commercial/
L . > ) Biomethane business
(Anaerobic digestion) processing network

Further reducing network energy use
and emissions

Transporting more low-carbon energy
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...and focussed on measures that can be supported
or delivered by the GB gas networks

* In scope: Biomethane, hydrogen blending, 100% hydrogen* (to extent
Transporting more low- facilitated by repurposing existing networks)

carbon energy * High-level assessment: Synthetic methane and repurposing for CO2
transport

* In scope: Advanced leakage detection and management at distribution
Further reducing network level

energy use and emissions * High-level assessment: Reducing emissions from gas-fired compressors
at transmission level

Filter criteria

* Involve contribution

from GB gas
networks

« Feasible during * Focus on use of gas networks (through use of natural gas, biomethane
20305 and/or hydrogen blending) to support wider energy system flexibility in

heating

* Out of scope - difficult for gas networks to drive changes in upstream
emissions — though upstream oil and gas industry plans to reduce emissions
further from current level of ~1.6MtCOZ2e/year**

*For hydrogen, we focus on use cases for power and industry. We exclude shipping and aviation since there may only be a limited role for networks in facilitating hydrogen and its
derivatives in shipping and aviation. We exclude hydrogen for heating from our analysis given the uncertainty regarding Government’s future strategic decision in this area.
**See Section 3.1.3 UK 2022 Methane Memorandum and OGUK Methane Action Plan 2021
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https://www.gov.uk/government/publications/united-kingdom-methane-memorandum/united-kingdom-methane-memorandum
https://oeuk.org.uk/wp-content/uploads/2021/06/OGUK-Methane-Action-Plan-2021.pdf

We have carried out a full assessment of the
following measures

e>
Ec
[@)JK)
£ c
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Network
energy use
emissions

Biomethane

H2 blending

Repurposing
networks for H2

Advanced leakage
management

Industry sees potential to grow this renewable gas from current volumes (c. 10 TWh/year) to ¢.100 TWh or
more by 2050, displacing natural gas consumption

While low-carbon hydrogen will mainly be produced for customers requiring pure H2, blending H2 in the
natural gas network can de-risk early H2 production (and potentially, in turn, reduce renewable power
curtailment) on a transitional basis while displacing natural gas consumption

Gas networks can be repurposed for (100%) H2, supporting the delivery of the hydrogen economy at lower
cost

Improved methane leak detection and better targeted interventions to reduce leakage at distribution, going
beyond action implied by the iron mains risk reduction programme (IMRRP) that runs to 2032

Using heat pumps alongside other heat sources (e.g. gas boilers) can accelerate the decarbonisation of the
majority of heating needs while harnessing the flexibility of the gas system to deal with peaks in heat demand
during the coldest periods of the year
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Given the unclear medium-term outlook for synthetic
methane, we do not assess it in further detail in this report

Input factors Electrolysis and synthesis Application + Synthetic methane is produced from

methanation of hydrogen (via a reaction with

CO, Transport

Direct Air Capture Fich Aviation fuel  pemmmm =2 Aviation C0O2)
Ischer- . . .
/industrial > Tropsch- . Upgrading + Depending on how the requw_ed hydrogen is
processes / synthesis produced, and how the CO2 is sourced,
biogenic - Marine fuel —L[anmsPor_,,  Marine transport synthetic methane (or “e-methane”) could be
p y
(near) carbon-neutral
+ It could be used directly in the natural gas
Water _ _ . . .
> Methanol , Transport_, Chemical grid, and _potenUaI_Iy produced on a
—_ synthesis industry decentralised basis
* It may be a competitive option for terminal
RES-E production _ imports of hydrogen-based energy carriers —
E.g. wind e, e'l*eidt:g?iﬂs and would be able to use existing import
| - .
(Iow-y Haber-Bosch IO, Fertilizer mfrastructure _ _
temperature: industry « However, given the required processing,
Power from the grid Alkali/PEM) : compared to hydr(_)gen, would involve further
Local mix Connection Industrial use efficiency losses, it would add costs to
‘ Transport | Transport hydrogen if produced domestically. Further,
g similarly to biomethane, its longer-term role
- Heating in the mix as gas networks shift towards
Natural gas / . < h)_/drogen neeq to be congldered further
biomethane T comecion >  Reformation » Given synthetic methane is not yet deployed

/> 02 use or store at commercial scale, we do not assess it in
further detail in this report

Image source: Frontier Economics
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https://tes-h2.com/news/tes-unveils-study-on-competitive-hydrogen-import-options-for-germany
https://tes-h2.com/news/tes-unveils-study-on-competitive-hydrogen-import-options-for-germany

Gas networks could contribute further through reducing
the cost of CCUS in the wider economy

CO2 capture CO2 transport CO2 storage

CO, emitting sources CO, transport modes

CO2 is captured from:

* industrial processes (e.g.
cement, steel, and
chemicals)

* power generation plants

* blue H2 production

CO2 is then compressed and
transported by pipelines, road,
rails or ships

Image source: Frontier Economics

e

The UK government plans to establish
CCS in four industrial clusters (HyNet
the East Coast, the Viking project and
the Acorn project) by 2030. The
ambition is to capture 20-
30MtCO2/year by 2030

National Gas is investing in CO2
transportation infrastructure — including
repurposing 280km of gas pipelines, in

Scotland

frontier }

* The CCC has stated that CCS “is a necessity not an
option” for decarbonising industry
GB gas networks can enable these savings through
repurposing current gas infrastructure for CO2
transport
Some of these savings are already included in our
guantitative analysis (e.g. via enabling low-carbon H2
production). Given data availability, we are unable at
this time to robustly quantify the additional impacts
associated with repurposing pipelines for CO2

= That said — impacts could be significant: e.g. FES
= 2024 pathways see 43-51 MtCO2/year captured by
2050 from the industry and power sectors, in addition
to further contributions elsewhere (e.g. hydrogen
production) — see Figure below

CO, storage sites .

CO2 either used
(e.g. in industrial
processes) or &
stored ¥
permanently ?
underground 3‘

Source

Carbon captured per year with CCS in 2050

Holistic Transition

MtCO,

The UK has one of the largest
potential CO, storage capacities in
Europe with important geological
assets as the UK Continental Shelf.

Electric
Engagement
B CCS/BECCS in power and industry m CCS/BECCS for H2 m Other
Source: FES 2024

Hydrogen Evolution
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https://www.nationalgas.com/future-energy/carbon-capture-storage-ccs
https://assets.publishing.service.gov.uk/media/6594718a579941000d35a7bf/carbon-capture-usage-and-storage-vision-to-establish-a-competitive-market.pdf
https://www.theccc.org.uk/wp-content/uploads/2019/05/Net-Zero-The-UKs-contribution-to-stopping-global-warming.pdf
https://www.neso.energy/document/321041/download
https://www.neso.energy/document/321041/download
https://assets.publishing.service.gov.uk/media/6594718a579941000d35a7bf/carbon-capture-usage-and-storage-vision-to-establish-a-competitive-market.pdf
https://www.nationalgas.com/future-energy/carbon-capture-storage-ccs
https://www.neso.energy/document/321041/download

There Is further potential to reduce emissions from
compressors on the transmission system

« National Gas operators 60 compressor units at 21 compressor stations on the GB * National Gas is already upgrading some compressors to
transmission network ensure compliance with air pollution legislation. This work
 They are essential to maintaining the flow of gas in the network will continue over RI10-3 (2026-31) and will also support
* In FY23/24, GHG emissions from compressors were approx. 0.2MtCO2e (64% of some reductions in GHG emissions
National Gas’ Scope 1 and Scope 2 GHG emissions), of which: + National Gas has identified further measures that could be
« 0.19 MtCO2e resulted from gas combustion in compressor engines taken to reduce compressor GHG emissions over RIIO-3.
*  0.05 MtCO2e resulted from venting from compressors Broadly, these involve:

+ Compressor shaft seal technologies to reduce
Power turbine methane leakag.e .. L.
Exhaust Gas compressor + Automated engine efficiency optimisers to reduce
emissions from combustion
* Use of low-carbon hydrogen (or blending) within
compressors to reduce emissions from combustion
* Replacing existing units with newer (gas- or
electrically*-driven units)
* Mobile flaring**
* We do not have sufficient data regarding the potential
impact on GHG emissions of the additional measures
above

Figure 1: Compressor schematic showing engine and vent stack.

Sources: National Gas website, accessed 27 January 2025; National Gas Network RIIO GT3 Network Decarbonisation Engineering Justification Paper; National Gas Annual Environmental Report 2023/24

*While electrically-driven compressor units would burn no gas, they are reliant on secure electricity supplies. As such, electrification would require gas back-up compressors to ensure gas can continue to be flowed
in the event of an electricity supply emergency. **During pipeline maintenance, some gas may be vented — while flaring results in GHG emissions and air pollution, it mitigates the environmental impacts of venting,
including methane emissions which are over 28 times more potent as a greenhouse gas than CO2)
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https://www.nationalgas.com/our-businesses/compressor-stations
https://www.nationalgas.com/sites/default/files/documents/NGT_EJP21_Network_Decarbonisation_RIIO-GT3_EXT.pdf
https://www.nationalgas.com/sites/default/files/documents/AER%2023.24%20FINAL.pdf

2. Costs, benefits and impacts
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We estimate the scale and cost-effectiveness of
emissions savings for each measure

Scale indicator Cost-effectiveness indicator To ensure a fair
comparison between
assets with different

Net additional (annual) lifetimes, we annualise
£ costs, relative to CAPEX (i.e. convert to an
counterfactual annuity value based on an

assumed cost of capital
and asset lifetime* — see

\ o ] Annex for details)
tCOZ Annual emissions savings,
relative to counterfactual

» We consider impacts relative to a baseline consistent with minimal policy change (NESO FES 2024 “Counterfactual” scenario)

» We calculate the two indicators (emissions savings and cost-effectiveness) separately for 2030, 2035 and 2040 (i.e. mid-point of
carbon budget periods)

» Given the project scope, a comprehensive assumptions review and modelling exercise was not possible for each measure. The
guantitative results should therefore be viewed as being indicative only

« Certain impacts (e.g. longer-term impacts, uncertainties) are assessed qualitatively (see next slide)

tCO2

*This is consistent with the approach taken in CCC carbon budget analysis, as well as by DESNZ in energy sector cost-benefit analysis.
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In the quantitative analysis, we compare each
measure to a business-as-usual counterfactual
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Network
energy use
and

emissions

Repurposing H2

H2 Blending

Biomethane

Leakage management

Gas hybrid pumps

District Heating

Abatement activities (that gas networks could
support)

Industry and power H2 demand as per FES
Hydrogen Evolution (with share attributed to
network repurposing)

FES Hydrogen Evolution

ADBA projections (rising gradually from FES
Counterfactual 2028 levels to 100 TWh by 2050)

Additional measures to reduce leakage from
distribution going beyond IMRRP, including some
pipeline replacement (though further savings
beyond what we have considered may be
possible)

FES Counterfactual with CCC Balanced Pathway
projections for installed hybrid heat pumps

1 million additional district heating connections to
2030, with incremental demand assumed served
by mix of large-scale heat pumps and gas boilers

Counterfactual (evolution of the sector without

these activities)

FES Counterfactual (primarily gas, with small
guantities only of H2 demand)

FES Counterfactual (no blending)

FES Counterfactual (limited growth in biomethane)

Evolution of shrinkage based on FES
Counterfactual gas demand

FES Counterfactual (individual gas boilers)

FES Counterfactual (individual gas boilers)
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https://adbioresources.org/wp-content/uploads/2024/12/The-role-of-Green-Gas-in-Net-Zero-report-Dec-2024.pdf

We consider other aspects qualitatively

Feasibility and
deliverability

Decarbonisation
and environment

Security of
supply

Adaptability and
flexibility

Wider costs/
benefits

End user impact

Note: The criteria above have been selected based on a synthesis of multiple sources, including Government publications (we have reviewed principles from UK Hydrogen Strategy, REMA consultation and CCUS business models update)
and our work on the Assessment Methodologies (AM) project. The AM project involved comparing different Net Zero compliant options against multiple criteria, including core CBA elements and wider criteria. It was developed in conjunction

Is the technology ready to be deployed? Is the supply chain in place?
Can planning / permitting challenges be overcome?

Is the measure consistent with an efficient path to Net Zero by 2050?

Does the measure yield positive or avoid negative wider environmental impacts (air quality,
natural environment, global emissions) compared to business as usual?

Does the measure avoid risks to network resilience?
Does the measure allow the contribution of gas to whole system flexibility to be continued?
Does the measure reduce reliance on imports of gas?

Can the measure be adapted over time, in response to external developments?

Is the measure robust to different outturn scenarios (unexpected shocks / changes in
government policy)?

Does the measure avoid other non-monetised negative impacts (e.g. health)?
Does the measure create other non-monetised positive impacts?

Can the measure be managed without significant disruption to end users?

Our RAG rating score for
each is defined as follows:

High risk of negative

answer to each question

Mixed positive and
negative answers, or high
degree of uncertainty

High likelihood of positive
® answer to each question

In contrast to the quantitative
analysis, we are therefore not
always comparing each
measure to a business-as-
usual counterfactual in this
case.

with the gas networks, and secured buy-in from DESNZ and Ofgem.
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1011283/UK-Hydrogen-Strategy_web.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1140189/review_of_electricity_market_arrangements_summary_of_responses.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/946561/ccus-business-models-commercial-update.pdf

Results: the measures identified could make a material
contribution to the gap in required abatement in buildings
and industry

2030 total emissions savings: 6MtCO2e (87% of gap); 2035 total emissions savings: 11MtCO2e/year industry (23%

0.2MtCO2elyear additional savings in the power sector of gap); 2MtCO2elyear additional savings in the power sector
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“Gap” defined as difference between:
required abatement for GB buildings and industry (carbon budgets adjusted for expected contribution to abatement from other sectors and for Northern
Ireland — based on CCC Balanced Net Zero Pathway); and
FES 2024 Counterfactual emissions for buildings and industry

Emissions savings are calculated relative to FES Counterfactual
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Results: Most of the abatement measures would be cost-
effective (or close) at central carbon values in 2035

. Government
Hiislgiize carbon values 600
average for appraisal
abatement cost
500
£326/tCO2e £315/tCO2e 400
O
Q
£334/tCO2e £340/tCO2e g 390
&
200
£333/tCO2e £367/tCO2e
100
An abatement cost lower than the appraisal value for carbon 0

indicates the measures are (on average) cost-effective at the
appraisal value
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Cost-effectiveness of individual measures compared to
Government carbon values for appraisal purposes, 2035

High carbon price

® 444
Central carbon price
T 33546
e 319 ® 329
e 250
Low carbon price
Repurposing H2 Biomethane Leakage Hybrid Ga§
H2 Blending Management Heat District
Pumps Heating
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Results: Gas network decarbonisation measures are
feasible, and allow continued contribution to energy
system flexibility

Emissions Cost-effectiveness Feasibility Decarbon- Securit Adaptability Wider End user
savings (MtCO2e) (£2023/tC0O2) - and isation and of su Iy and costs / ‘mpact
- 2035 2035 deliverability | environment PRy flexibility benefits P
4.5 335 . e S * B S

Biomethane

H2 blending 0.8 250 LI L I {3 9

Repurposing 2.0 (power)

networks for H2 1.8 (industry) 319 L ®

Advanced
leakage 0.5 346 A [ [ B o N I
management

Hybrid heat
pumps

2.0 329 - - - (R e

Gas _dIStrICt 11 444 - ey | T | S |
heating back up

Key ® High risk of negative answer to Mixed positive and negative answers, e High likelihood of positive answer
; each question or high degree of uncertainty to each question
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Transporting more low-
carbon energy

Biomethane: Assumptions

. |mpooch

Abatement * Lead scenario considered in the ADBA’s 2024 report (100TWh biomethane by 2050%*, linear trajectory starting from FES 2024
activity Counterfactual levels in 2028)
Counte_rfactual More limited growth in biomethane under FES 2024 Counterfactual
scenario
* We assume biomethane injections displace natural gas use. We account for the emissions factor for biomethane as used by
Emissions Government in its Green Gas Support Scheme Impact Assessment (30gCO2e/kwh)
savings * We have not accounted for the potential to capture CO2 emissions from biomethane upgrading (though this would also come at
additional cost)
» Associated costs relate mainly to the difference between biomethane production costs and the wholesale price of natural gas
(DESNZ central values for appraisal purposes)
+ We assume a £77/MWh levelized cost of biomethane in 2030 (based on ADBA’s 2024 report) and apply a learning rate of 4.5%**
Monetised based on OIES 2019 (p.21 — mid-point of 4-5% range cited in the study)
costs * We have included costs for smart pressure control based on OptiNet study (for 0.253TWh biomethane, £600k CAPEX and

£12kl/year OPEX), with costs scaled up in proportion to assumed biomethane deployment
* In-grid compression may be an alternative in some cases, but as this is uncertain and will depend on the situation, for
simplicity here we have assumed only smart pressure control

*Estimates of GB-wide 2050 potential for biomethane vary significantly (including due to differences in assumptions regarding sustainable feedstock availability). While the ADBA estimates may represent a
reasonably ambitious industry view they are towards the middle of the range of available projections for the UK (TIMES modelling for DESNZ Biomass Strategy 2023 projects 30-40TWh; Trinomics/LBST
2020 for European Commission projects ~70TWh, Ecaotricity 2022 projects a lower bound of 288TWh, excl. seaweed & diet change). **I.e. for every doubling in biomethane production, we assume a 4.5%
reduction in the levelized cost.

frontier }

economics gy networks



https://adbioresources.org/wp-content/uploads/2024/12/The-role-of-Green-Gas-in-Net-Zero-report-Dec-2024.pdf
https://assets.publishing.service.gov.uk/media/61422e36d3bf7f05aa5f92d8/green-gas-impact-assessment.pdf
https://adbioresources.org/wp-content/uploads/2024/12/The-role-of-Green-Gas-in-Net-Zero-report-Dec-2024.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2019/10/A-mountain-to-climb-Tracking-progress-in-scaling-up-renewable-gas-production-in-Europe-NG-153.pdf
https://smarter.energynetworks.org/projects/nia_cad0061/
https://assets.publishing.service.gov.uk/media/64dc8d3960d123000d32c602/biomass-strategy-2023.pdf
https://op.europa.eu/en/publication-detail/-/publication/10e93b15-8b56-11ea-812f-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/10e93b15-8b56-11ea-812f-01aa75ed71a1/language-en
https://downloads.ctfassets.net/620j9bwnh4b6/2gSQuZOgxxs4dvkMW5mZDV/2356be083369cb8c68d87ed798ccf02e/Green_Gas_Report_2022.pdf

Transporting more low-

carbon energy

Biomethane: results

_ Emissions savings, compared to counterfactual (MtCOZ2e/year) Cost-effectiveness (£2023/tCO2e)

2030
2035
2040

Feasibility and
deliverability

Decarbonisation and
environment

Security of supply

Adaptability and
flexibility

Wider costs/ benefits

End user impact

o

1.7 353
4.5 335
7.3 319

Already being deployed at scale
While Government is seeking to understand barriers to obtaining planning consent there is not clear evidence that this is a significant barrier at present

As gas demand ramps down, net zero consistency can be achieved through use of biomethane to produce hydrogen or, in limited cases, blending*
Digestate can displace fossil fuel-based fertiliser and associated climate and soil impacts — provided wider environmental impacts can be mitigated
Combination of biogas upgrading with CCUS can contribute to further emissions savings

Potential challenge with system operation given changes in flow patterns — particularly at LDZ-level — though network operators already investigating solutions and other
jurisdictions (e.g. Denmark) have successfully managed high shares of biomethane. Supports gas system contribution to energy system flexibility
Reduced natural gas imports

Support for biomethane can be adapted over time as needs for low-carbon gases become clearer

No other wider costs / benefits identified
Uncertainty regarding costs of sustainably-produced biomethane and network integration costs (although latter likely to be small relative to production costs)

Quiality standards for injection limit end-user impact

*See ARUP (forthcoming) “Biomethane and Hydrogen: Maximising the Role of Green Gas”
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https://assets.publishing.service.gov.uk/media/65df46d5f1cab36b60fc4725/biomethane-production-call-for-evidence.pdf
https://smarter.energynetworks.org/projects/nia_wwu_02_58/

carbon energy
H2 blending: assumptions

I e ——

Abatement * H2 blending in FES 2024 Hydrogen Evolution

activity

Counterfactual « FES 2024 Counterfactual

scenario

Emissions *  We assume H2 blending (mix of electrolytic and blue H2 — see Annex) displaces natural gas use

savings * We account for emissions from blue H2 production (95% CO2 capture rate based on DESNZ 2021 Hydrogen Costs report for ATR
+ CCS).

Monetised » Associated costs relate largely to the difference between incremental H2 production costs for blending (Frontier estimates based on

costs DESNZ Hydrogen Costs report — see Annex) and the cost of natural gas that is displaced (based on DESNZ central values for

appraisal purposes)
» Allowance also made for hydrogen injection sites to LDZ based on DESNZ 2023 blending consultation , Table 2
+ CAPEX of £1,025,000 and OPEX (assumed fixed) £37,500 per 37,000 MWh/year injection capacity (2021 prices)
» Scaled up for level of H2 blending

Note: We do not quantify the impact of substituting natural gas with hydrogen blending on fugitive emissions. This is likely to be a conservative assumption, since hydrogen has a lower Global Warming
Potential (GWP) than methane.
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https://assets.publishing.service.gov.uk/media/650057d81886eb00139771f8/hydrogen-blending-into-gb-gas-distribution-networks-consultation.pdf
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carbon energy

H2 blending: results

Cost-effectiveness
(£2023/tCO2e)

Emissions savings, compared to

counterfactual (MtCO2e/year)

2030
2035
2040

Feasibility and
deliverability

Decarbonisation and
environment

Security of supply

Adaptability and
flexibility

Wider costs/ benefits

End user impact
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1.8 240 No estimated emissions savings from H2 blending
by 2040 (given blending’s transitional role), but this
0.8 250 is offset by additional savings from increasing use
0
N/A N/A of 100% hydrogen

HyDeploy industry trials, demonstrations and tests to gather evidence to demonstrate whether and/or how blending can be used safely in the GB gas distribution
networks have been completed or are ongoing. Government intends to review this evidence ahead of final decision / further legislation on blending.
Future Grid is leading trials to assess the safety of blending in the transmission system

Consistent with Net Zero as a transitional measure only (Government’s view is that blending can help de-risk early investments in H2 production
Unlikely to have wider environmental benefits

Blending would make network operation more complex
Blending allows the contribution of gas to whole system flexibility to be continued and reduces reliance on imports of gas, where electrolytic hydrogen is used

Allowed blending level can be adjusted over time in response, for example, to changes in costs or deliverability challenges.
Measure is robust to changes in policy (e.g. slower or faster adoption of the hydrogen economy).

No other wider costs / benefits identified
Uncertainty regarding hydrogen production costs and blending costs (although latter likely to be small relative to production costs)

Technological solutions (e.g. deblending) may be required for sensitive end users (industrial sector).




carbon energy
Repurposing networks for 100% H2: Assumptions

T

Abatement + Evolution of H2 demand use in industry and power as per FES 2024 Hydrogen Evolution

activity

Counterfactual * Limited H2 demand in industry and power as per FES 2024 Counterfactual

scenario

Emissions + Based on H2 demand displacing natural gas in industry and power.

savings + We attribute a share of the emissions savings from enabling hydrogen in these sectors to repurposing of gas networks, based on the share of planned

future hydrogen network length currently expected to be comprised of repurposed lines:
*  25% for transmission based on Project Union plans
+  28% for high-pressure distribution (based on regional decarbonisation pathways report for WWU)*
* Re-purposing is phased in linearly over 2030-2040.

Monetised costs + Network repurposing costs: We assume per km pipeline repurposing CAPEX based on European Hydrogen Backbone 2023. For simplicity, given
network OPEX is unlikely to make a material difference to overall costs, we assume H2 network OPEX is identical to natural gas network OPEX in the
counterfactual.

* Appliance costs:
* Forindustry, we have based CAPEX for H2 retrofit on Element Energy et al (2019) “Conversion of Industrial Heating Equipment to Hydrogen”.
As a simplification, we have assumed no difference in fixed OPEX
+ For power generation, we assume costs of retrofitting gas-fired generation to H2 based on DESNZ**
* Fuel costs: We calculate the change in the costs of serving energy demand with low-carbon hydrogen (see Annex for details of calculation) instead of
with natural gas (DESNZ central long-run variable supply costs)

*For simplicity, we assume all future power H2 demand will be connected to hydrogen transmission and all future industrial H2 demand to hydrogen distribution, though this has limited impact on our results
since the assumed shares of repurposing are similar for both transmission and distribution. **Based on DESNZ 2023 “The Need for Government Intervention to Support Hydrogen to Power” we assume
H2P retrofit CAPEX is equal to 50% of new-build CAPEX. We assume new-build CAPEX in line with DESNZ 2023 Electricity Generation Costs. *** We assume that repurposing networks for 100% H2 and
leakage reduction measures apply to at different LDZ pressure tiers, and hence do not interact.
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https://www.wwutilities.co.uk/media/4590/regional-decarbonisation-pathways.pdf
https://ehb.eu/files/downloads/EHB-2023-Implementation-Roadmap-Part-1.pdf
https://www.hy4heat.info/reports
https://assets.publishing.service.gov.uk/media/657a2eeb095987001295e072/hydrogen-to-power-market-intervention-need-and-options-report.pdf
https://www.gov.uk/government/publications/electricity-generation-costs-2023
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Repurposing networks for 100% H2: results

_ Emissions savings, compared to counterfactual (MtCO2el/year) Cost-effectiveness (£2023/tCO2e)

2030
2035
2040

Feasibility and
deliverability

Decarbonisation and
environment

Security of supply

Adaptability and
flexibility

Wider costs/ benefits

End user impact
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0.9 (industry) / 0.2 (power) 250
1.8 (industry) / 2.0 (power) 319
2.2 (industry) / 3.2 (power) 338

GB networks are currently evaluating the potential for repurposing. However, it is technically feasible; construction has started in the Netherlands on a network
involving repurposed gas network

Risk of partial stranding of network assets should future H2 demand turn out to be lower than expected (though risk more limited for re-purposing as compared to new-build)
Reduces upstream emissions associated with gas production, to extent electrolytic hydrogen is used.
Serving H2 demand through electrolysis places demand on water supply — although networks can mitigate impacts by providing more optionality regarding siting.

Repurposing may have negative impacts on resilience of the remaining gas network
Connectivity with hydrogen storage, H2P and electrolysis enables whole energy system flexibility
Reduces reliance on imports of gas, where electrolytic hydrogen is used

Roll-out is capital-intense, and may be difficult to adjust quickly in response to a changing environment. However, H2 networks can be rolled out cluster by
cluster.

No other wider costs / benefits identified
Uncertainty regarding hydrogen production costs and costs of industrial / power retrofit

End-users will need to switch / adapt to new technology (though this would be the case for all decarbonisation options)



https://www.spglobal.com/commodity-insights/en/news-research/latest-news/energy-transition/102723-netherlands-begins-construction-of-national-hydrogen-pipeline-network

and emissions
Advanced leakage management: assumptions

| Approcch

Abatement + Factual scenario: Additional leakage management measures implemented, beyond IMRRP

activity

Counterfactual » Shrinkage consistent with FES 2024 Counterfactual levels

Scenario

Emissions * FES 2024 provides projections of “shrinkage” (gas “lost” from gas networks) for transmission and distribution combined. We assume the split of

Savings shrinkage between transmission and distribution remains constant going forwards, at 2024 levels (approx. 70:30 split based on NGT data). We
assume further (based on GDN Shrinkage Model Review 2020) that leakage accounts for 95% of the Gas Distribution Network (GDN) shrinkage
figure.

* Inline with Cadent’s RIIO-3 Business Plan projections, we assume the implementation of advanced leakage detection and interventions can
contribute to a further 10% reduction in leakage of gas at distribution networks by 2030, beyond that enabled by the Iron Mains Risk Reduction
Programme (IMRRP). We assume continued reductions post-2030, at a slower rate (15% by 2035 and 20% by 2040).

« Consistent with DESNZ reporting, we use the IPCC 51" Assessment Report published 100-year Global Warming Potential (GWP) for methane
(28) to calculate the CO2-equivalent emissions associated with methane leakage

Monetised costs + Leakage analytics / platform: One-off CAPEX of £67 million (2023 prices) over 2026-30 and annual OPEX of £ 44 million (based on costs for
Cadent’s proposed Advanced Leakage Detection / Digital Platform — from Table 15 Cadent RIIO-3 Business Plan, scaled up for GB distribution
based on estimated network length at 2026 from Ofgem - technical annex part two - Cost Drivers

+ Ongoing costs of intervention: REPEX of £826 million over 2026-30 (based on Cadent estimates for RIIO-3 for Advanced Leakage
Intervention, scaled up for GB based on distribution network length). We assume continued REPEX over 2031-40, at a slower rate (£826 million
spread over 10 years).

*The impact on leakage of measures — such as hybrid heat pumps - that reduce gas consumption is considered separately when calculating their respective
emissions savings.
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https://www.gasgovernance.co.uk/sites/default/files/2023-07/Shinkage%20Leakage%20Model%20Review%202020_Draft%20for%20Consultation_V1.pdf
https://riio3.cadentgas.com/documents/business_plan.pdf
https://assets.publishing.service.gov.uk/media/65686af7cc1ec500138eef85/eep-annex-n-2022-2040-non-co2-projections.pdf
https://riio3.cadentgas.com/documents/business_plan.pdf
https://www.ofgem.gov.uk/decision/riio-2-final-determinations-transmission-and-gas-distribution-network-companies-and-electricity-system-operator

Gas network energy use

and emissions

Advanced leakage management: Results

_ Emissions savings, compared to counterfactual (MtCO2e/year) Cost-effectiveness (£2023/tCO2e)

2030 0.3 333
2035 0.5 346
2040 0.5 316

Feasibility and “1 |+ Trials during RIIO-2 have demonstrated Digital Platform for Leakage Analytics
deliverability Y * Interventions such as pipeline replacement are standard work for GDNs

Decarbonisation and “1 |+ Consistent with Net Zero (as long as interventions are selected to as to minimise risk of stranded assets)
environment - * Unlikely to have wider environmental benefits

Security of supply '
Adaptability and
flexibility
Wider costs/ benefits [l

+  Allows the contribution of gas to whole system flexibility to be continued
* Reduces reliance on imports of gas

One-off costs for platform, but decisions on subsequent interventions to address leakage can be taken on case-by-case basis depending on outlook for gas
» demand
L

Health and safety benefits from reduced leakage
»  Precise costs and emissions savings to be realised as a result of improved leak detection and monitoring are uncertain

No direct impact on end users
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https://cadentgas.com/about-us/a-culture-of-innovation/dpla

Hybrid heat pumps: Assumptions

Approach

Abatement « CCC 6" Carbon Budget analysis projects 1.4 million (hydrogen) hybrid heat pumps by 2035 (Balanced Pathway scenario). We
activity assume a similar number of hybrid installations, added to existing gas boilers

Counterfactual + Continued natural gas use (individual gas boilers) as per FES 2024 Counterfactual

scenario
Emissions *  We assume 14000 kWh annual gas consumption per boiler in the counterfactual (consistent with typical semi-detached property
savings* usage)
*  We assume 85% of counterfactual gas consumption is displaced per hybrid installation
» Heat pump electricity needs (and displaced gas consumption) calculated based on gas boiler efficiency and heat pump COP (87%
and 3.5 respectively as per CCC 6™ Carbon Budget analysis)
+ Emissions from displacement of gas and increase in electricity demand accounted for using DESNZ central emissions factors for
use in appraisal (assuming domestic consumption profile for electricity)
Monetised * Fuel costs: Changes in gas and electricity supply costs based on central DESNZ appraisal values (assuming domestic
costs consumption profile for electricity)

» Appliance costs:
* No change in gas boiler fixed costs (as assumed to be same in factual and counterfactual)
« Hybrid heat pump costs (factual): Assume 5kW size per appliance. CAPEX and installation costs consistent with CCC 6t
Carbon Budget analysis

*We have made a small adjustment to estimated emissions savings to account for the fact that reduced gas demand from a switch to heat pumps could lead to reduced shrinkage (and therefore reduce the
impact of leakage management measures).
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Hybrid heat pumps: Results

Emissions savings, compared Cost-effectiveness + Estimated emissions savings are based on uptake of hybrid heat
to counterfactual (MtCO2e/year) (£2023/tCO2¢e) pumps as per CCC CB6 projections _
» Should further deployment be deemed appropriate (for example,
2030 0.2 367 due to challenges in achieving electric-only heat pump roll-out
goals), further savings would be possible
2035 2.0 329 * As an illustration, doubling the assumed deployment of hybrids

2040 2 O* 318 would lead to an additional 2 MtCO2e/year savings in 2035

Feasibility and i1 [« Relatively mature technology, and relatively mature supply chain. Installation is likely to be relatively straightforward, without the need for major retrofits.
deliverability Y Planning and permitting unlikely to pose barriers

Decarbonisation and “1 |+ Assuming a 15-year lifetime of technologies, installation of hybrid heat pumps until 2035* can be consistent with Net Zero.
environment . «  Will reduce air quality impacts, relative to continued gas boiler usage

Allows the contribution of gas to whole system flexibility to be continued, though reduced off-peak gas demand may affect system operation — extent will depend on whether roll-out

Security of supply is concentrated or spread out geographically
. Reduces reliance on imports of gas, relative to a counterfactual of continued gas boilers

Adaptability and ““1 |+ Roll outis incremental so can be adapted over time in response to changes in costs / deliverability
erxibiIity » * Measure is robust to changes in policy (e.g. adoption of hydrogen for heating in certain areas)

Wider costs/ benefits + No other wider costs / benefits identified

* Installation is relatively simple

End user impact Py

*Continued installation beyond 2035 could be consistent with Net Zero provided appliances can run on is low-carbon fuels that are available in sufficient quantities. Assuming deployment based on the CCC
Balanced Pathway trajectory for hybrids continues post-2035, savings in 2040 could be 7.4MtCO2/year (i.e. 5.4MtCO2/year higher than stated in the table above).
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Using gas as back-up for district heating:
Assumptions

Approach

Abatement * We assume an additional 1 million households connected to district heating (DH) networks by 2030, with these networks using heat pumps and gas boilers as
activity back-up. This is broadly consistent with growth in CCC projections for low-carbon district heating to 2030*.

Counterfactual » Continued natural gas use (individual gas boilers) as per FES 2024 Counterfactual

scenario

Emissions * We assume heating needs per household of 7000 kWh — i.e. for a smaller-than-average property (consistent with values cited in DESNZ'’s Impact Assessment
savings** on Heat Networks Regulation). We assume heat network losses of 21%

» Electricity needs for large-scale heat pumps (and displaced gas consumption) calculated based 87% gas boiler efficiency (based on CCC CB6 analysis) and
COP of 3.7 for large-scale heat pump (based on ILF et al (2017) for the European Commission)

* Emissions from displacement of gas and increase in electricity demand accounted for using DESNZ central emissions factors for use in appraisal (assuming
domestic consumption profile for electricity)

Monetised costs * Fuel costs: Changes in gas and electricity supply costs based on central DESNZ appraisal values (assuming domestic consumption profile for electricity)
* Appliance costs:

Factual DH CAPEX (factual): Long-run average heat network cost of £23/MWh,, (2023 prices) based on Element Energy 2015

Installation costs per household: hot water tank and heat interface unit / heat metering costs - both based on Element Energy analysis for CCC CB6
Factual large-scale heat pump CAPEX / fixed OPEX: ILF et al (2017)

Factual back-up boiler CAPEX / fixed OPEX: ILF et al (2017)

Counterfactual individual gas boiler CAPEX / fixed OPEX based on CCC CB6 analysis. We assume one-third of households would have had to replace
boilers by 2030 in the counterfactual

*The CCC 6th Carbon Budget Balanced Pathway scenario sees growth in DH connections to about 4 million households by 2050. The CCC projections assume all incremental DH is served by low-carbon

sources from 2025 onwards.

** \We have made a small adjustment to estimated emissions savings to account for the fact that reduced gas demand from a switch to district heating could lead to reduced shrinkage (and therefore reduce
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https://assets.publishing.service.gov.uk/media/64cb8f0ed98da00014d1f52c/heat-networks-consultation-ia.pdf
https://publications.jrc.ec.europa.eu/repository/handle/JRC109006
https://www.theccc.org.uk/wp-content/uploads/2015/11/Element-Energy-for-CCC-Research-on-district-heating-and-local-approaches-to-heat-decarbonisation.pdf
https://www.theccc.org.uk/wp-content/uploads/2020/12/Full-Report-Development-of-trajectories-for-residential-heat-decarbonisation-to-inform-the-Sixth-Carbon-Budget-Element-Energy.pdf
https://publications.jrc.ec.europa.eu/repository/handle/JRC109006
https://publications.jrc.ec.europa.eu/repository/handle/JRC109006

Using gas as back-up for district heating: Results

_ Emissions savings, compared to counterfactual (MtCO2el/year) Cost-effectiveness (£2023/tCO2e)

2030 1.0 506
2035 11 444
2040 1.2 427

Feasibility and

. .- +  Technology is mature, supply chains are in place and no planning or permitting barriers are expected
deliverability ®

Decarbonisation and “1 |+ Assuming a lifetime of 15-20 years, is consistent with Net Zero for investments in gas-boiler back-up up to 2030.
environment . *  Will reduce air quality impacts, relative to individual gas boiler usage

& +  Allows the contribution of gas to whole system flexibility to be continued, though reduced off-peak gas demand may affect system operation
Y * Reduces reliance on imports of gas, relative to continued use of gas only for heating.

Security of supply

Adaptability and ““1 |+ Network can be rolled out incrementally, and adjusted where required
flexibility ® |+ Heatsources connected to network can also be adapted over time

Wider costs/ benefits + Avoids other non-monetised costs but does not create benefits.

End user impact »  Some disruption for end-users during connection to heat network (though many alternative options for heat decarbonisation would involve some disruption)
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3. Policy and regulatory options
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Enabling the potential will require co-ordinated
action between Government and Ofgem

Transporting more low-carbon Further reducing gas network
energy energy use and emissions

Addressing barriers to low-carbon
technology adoption

Business models consistent with high

ambition for low-carbon energy Financing network expenditure

Externalities & barriers related to cost

- g Externalities & barriers related to cost Need for strategic investment decisions structure (e.g. H2P) + additional factors

Q= structure (e.g. of biomethane, hydrogen) given lead times for network investments ) 9. .

X 5 : : : . . for residential customers (e.g. affordability
o relative to fossil alternatives and uncertainty regarding future use / behavioural barriers)

S% L : o . it princi i

oS Levers sit principally with Government Levers sit principally with Ofgem (e.g. Levgrs Sit .prlnC|paIIy W!th Government
9 : : . : : : ; (including local). Wide range of

% S | (e.g. taxation, financial support, business allowed expenditure, incentives and interventions including financial (tax

S 2 : ) L . ,

a9 models) uncertainty mechanisms in price controls) subsidy) and product standards

Supply chain / skills barriers likely to be relevant across all measures, and potentially require
supportive policy action (though not considered in further detail in this report). (Note: All gas
networks have their own workforce and supply chain resilience strategies in place)
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carbon energy
Biomethane: need for clarity on support post-2028
and on connection capacity

Current status Required actions to enable potential

Higher cost compared to fossil fuel * Currently, the Green Gas Support Scheme (GGSS) supports * By end-2025: Government to set ambitious

alternatives biomethane, and has been recently extended to new applications until goals for biomethane injections
March 2028. Biomethane is also eligible under the Renewable By end-2026: Government to specify the
Transport Fuel Obligation (RTFO) business model for biomethane production and

* Governmentis considering options for a future policy framework for injections post GGSS-closure (in 2028)

biomethane to follow the closure of the GGSS

Biomethane producers (particularly + Biomethane industry and gas networks are exploring technical * By end-2026: DESNZ/HSE to re-examine

at distribution-level) may be required solutions within the current regulations propanation requirement

to add propane when injecting to the « DESNZ has stated it will review the relevant regulations
grid to meet gas quality / calorific

value requirements. This adds costs

and reduces carbon savings

Need for network capacity to » Ofgem recognises need for GDNSs to be able to roll out technologiesto ¢ By end-2025: Ofgem to confirm approach to
connect additional biomethane facilitate biomethane connections and fund activities in this area during supporting biomethane injection capacity
potential RIIO-3 (period 2026-31). Cadent currently discussing mechanism with increase during RIIO-3
Ofgem to address uncertainty over volumes and connection costs * Ahead of RIIO-4 (and beyond): Ofgem
associated with future biomethane under Heat Policy re-opener for (collaborating with Government) to design
RIIO-2 mechanisms to enable a rapid and large-scale
« Ofgem recognises role of biomethane connections to the National expansion in capacity for biomethane injections

Transmission System (NTS) for RIIO-3, and is also working with
industry and Government to determine if licence/UNC changes are
needed to facilitate connections
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https://www.gov.uk/government/publications/green-gas-support-scheme-ggss/ggss-mid-scheme-review-extending-the-scheme-update-21-october-2023
https://assets.publishing.service.gov.uk/media/65df46d5f1cab36b60fc4725/biomethane-production-call-for-evidence.pdf
https://assets.publishing.service.gov.uk/media/65df46d5f1cab36b60fc4725/biomethane-production-call-for-evidence.pdf
https://www.ofgem.gov.uk/sites/default/files/2024-07/RIIO-3_SSMD_GT_Annex.pdf

Blending: implement overarching framework and
establish HPBM model for blending as offtaker

Current status Required actions to enable potential

Lack of overarching legislative / « Government's December 2023 strategic decision indicated Previous Frontier analysis indicated that
commercial framework its support for hydrogen blending into the distribution network implementing a commercial framework for
in principle, though further work will be required, including blending may take 3-5 years. To enable
health and safety reviews, potential legislation changes. blending by 2030, it will therefore be important
« Government has stated it will consult on transmission-level ~ that Government maintains its work
blending within GB in early 2025, with the aim of making a programme:
strategic policy decision on whether or not to support + End-2025: Government to make strategic
transmission-level blending in 2025 decision on transmission-level blending

» 2025: Government to maintain work
programme on distribution blending

For networks: uncertainty regarding « During RIIO-3, Ofgem decided that has funding for blending- + No specific action identified for RIIO-3

coverage of blending-related network related costs will be provided via Uncertainty Mechanisms « Ahead of RIIO-4: Ofgem to identify whether
costs specific regulatory mechanisms are needed
for blending-related costs
For H2 production: uncertainty « Government as stated it will continue to engage with + By end-2025: Government to establish
regarding ability to sell blended stakeholders on potentially incorporating blending as an HPBM model for blending as an offtaker
output on gas network offtaker into Hydrogen Production Business Model (HPBM) (enabling contract awards in 2026)
support
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https://assets.publishing.service.gov.uk/media/657a0a82254aaa0010050cde/hydrogen-blending-strategic-policy-decision.pdf
https://assets.publishing.service.gov.uk/media/6761915126a2d1ff18253493/hydrogen-strategy-update-to-the-market-december-2024.pdf
https://www.frontier-economics.com/media/1gwp21yb/hydrogen-blending-commercial-framework.pdf

carbon energy
H2 repurposing: provide clarity on financing of
preparatory work for H2 networks

Current status Required actions to enable potential

High costs of H2 » Government has developed the HPBM (including holding two Hydrogen » Ongoing: Government to continue the
production compared to Allocation Rounds), and has has supported industrial low-carbon technology actions in its Hydrogen Strateqy,
fossil alternatives and of deployment under the Industrial Energy Transformation Fund (IETF) and is including confirming the approach to
H2-consuming developing a business model for H2P future Hydrogen Allocation Rounds,
technologies (i.e. H2P / H2 elaborating on the approach to H2P,
industrial technologies) and committing to an extension of the
IETF.
Co-ordination across value « The Government is planning a Hydrogen Transport Business Model There is a key gap in relation to devex,
chain in early stages of H2 (HTBM) to select and finance the construction of future H2 networks which can help keep the option open to
market development (including those from repurposed gas networks) invest in H2 networks, should they later
(production, transport «  During RIIO-2, Ofgem has funded some GDN/NGT Devex (such as be deemed necessary to support
capacity and consumption feasibility studies) for H2 networks via the Net Zero Pre-construction Works ~ decarbonisation:
need to develop in tandem) and Small Net Zero (NZASP) Re-opener. For RIIO-3, Ofgem’s minded to
position is that Devex for new projects should be out of scope, on the basis * Early 2025: Government and Ofgem
that these costs may be recoverable via HTBM, though Ofgem is open to to clarify how preparatory works for
receiving proposals for preparatory works from gas networks, subject to H2 networks will be financed

demonstrable clear benefits to customers and work not being funded by
HTBM. HTBM guidance published in Summer 2024 states that having
completed FEED is a requirement for eligibility for HTBM.
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https://assets.publishing.service.gov.uk/media/6761915126a2d1ff18253493/hydrogen-strategy-update-to-the-market-december-2024.pdf
https://www.ofgem.gov.uk/sites/default/files/2024-07/RIIO_3_SSMD_Overview.pdf
https://www.ofgem.gov.uk/sites/default/files/2024-07/RIIO_3_SSMD_Overview.pdf

Network emissions: Ofgem to continue approach to
supporting shrinkage reductions

Current status Required actions to enable potential

Advanced leakage * IMRRP will continue to drive lower shrinkage. However, this is part of the « End-2025: Ofgem to confirm
management counterfactual. Going beyond IMRRP, Ofgem has decided to introduce approach to shrinkage / leakage
(distribution): Need for Shrinkage UIOLI for RIIO-3, which will fund measures such as installation of measures going beyond IMRPP as
regulatory approval of pressure management equipment and further shrinkage-related innovation part of Draft / Final determinations for
costs projects. RIIO-3

+ Ofgem has separately decided to fund rollout of leakage detection
technologies — with an appropriate mechanism to be developed at the time of
Draft Determinations to fund roll-out

Compressor emissions * NGT obliged under the Combustion Plant Directive to control and manage air + End-2025: Ofgem to confirm
reductions pollution from gas-fired compressors. Ofgem intends to retain the current approach to shrinkage measures as
(transmission): Need for Compressor Emissions Re-opener to deliver projects that have already been part of Draft / Final determinations for
regulatory approval of started and to finance any new projects for RIIO-3, including FEED studies. RIIO-3

costs « In addition, Ofgem has decided to retain a GHG incentive and has

encouraged NGT to use RIIO-3’s innovation schemes and/the Net Zero and
Re-opener Development Fund (NZARD) to bring forward additional projects
that reduce shrinkage volumes.
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https://www.ofgem.gov.uk/sites/default/files/2024-07/RIIO-3_SSMD_GD_Annex.pdf
https://www.ofgem.gov.uk/sites/default/files/2024-07/RIIO-3_SSMD_GT_Annex.pdf

Heating: Government to address financial barriers to
uptake of hybrids

Current status Required actions to enable potential

Hybrid heat pumps: « Government is taking a range of actions to support low-carbon heating in * End-2025: Government to make
» High electricity taxes / residential properties, including the Clean Heat Market Mechanism and financial support available for hybrid
levies grants under the Boiler Upgrade Scheme. However, gas hybrid heat pumps installations (e.g. via Boiler Upgrade
 Affordability are not eligible for the latter (not even for reduced grant levels) Scheme) and/or reduce electricity
levies
Specific barriers for * Government has |egislated to introduce Heat Networks Zoning » End-2026: Ensure sufficient funding
connecting to district « Ofgem will become heat network regulator from 2025 — ensuring greater for district heating to meet ambitions
heating include: consumer protection while allowing licensed network developers greater for growth following end of GHNF
* Gapsin local energy rights to develop networks
planning

* Funding including Green Heat Network Fund (GHNF) is available that
supports heat production, heat distribution and upgrading secondary systems
(such as heat interface units) within consumer premises. Funding will be

COSt.S provided to 2027/28
» Barriers to network

construction

« Uncertainty for
customers regarding
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https://assets.publishing.service.gov.uk/media/6567cbfb2ee693000d60caed/clean-heat-market-mechanism-government-response.pdf
https://www.legislation.gov.uk/ukpga/2023/52

4. Areas for further research
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Further research could support an improved
understanding of the gas system’s contribution (1/2)

In this section, we highlight some key areas for research in relation to the measures considered. Our suggestions are non-
exhaustive, and focus on supporting a better understanding of the potential emissions savings from each measure, how these
savings might be maximised, and how they could be built on to unlock further savings.

Transporting more low-carbon energy

frontier }

Biomethane

H2 blending

As highlighted in Section 2, based on industry projections, biomethane could play a significant role in
supporting decarbonisation goals. However, as we have noted, there is uncertainty (and differing views
between industry and Government) regarding the availability of sustainable feedstock for the UK and cost-
effectiveness of production potential. Ensuring a solid evidence base regarding costs and potential would
help in form future energy system planning.

Alongside the above, there is a need to better understand the challenges and opportunities associated with
capture / use of biogenic CO2 from biogas upgrading

In addition to delivering known solutions, networks should continue to evaluate and investigate strategies for
accommodating biomethane at least cost (potentially supported by RIIO-3 innovation and net zero delivery
mechanisms)

HSE is reviewing safety evidence for blending, including evidence from industry trials

As part of the wider hydrogen blending safety review, the government is assessing aspects such as the
performance and accuracy of gas meters to determine if any modifications or cost is necessary, or more
generally any potential impact on industrial users connected to the gas distribution network from receiving
hydrogen blends. The Government will need to carry out a similar assessment in relation to transmission
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Further research could support an improved
understanding of the gas system’s contribution (2/2)

low-carbon energy
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Repurposing
networks for H2

Advanced leakage
management

Compressor
emissions

There is uncertainty regarding extent of hydrogen’s role in decarbonising, and there is already work ongoing to
understand this further (for example in heating).

However, there is already consensus on the nature (if not the full extent) of the role hydrogen can play in
industry and power. Networks will be key to serving this demand.

GB networks are already evaluating the potential for repurposing gas networks for hydrogen. To support this
process, there is a need for robust frameworks to assess resilience needs across energy carriers, which
could help guide optimal decisions around the extent and staging of repurposing works.

Trials have already taken place in relation to improved leakage analytics and measurement. As Ofgem notes,
rolling this out more widely will provide better quality data regarding leakage.

This data may provide the opportunity for further trials to evaluate the effectiveness of specific
approaches to addressing leakage.

Further research on compressor technologies such as Variable Speed Drives which (according to NGT) are
still in early stages of development, and which could make significant contributions to decarbonisation.

Support trials to establish how hybrid systems can best contribute to emissions savings and energy
system flexibility (as suggested by Cadent).

Given a revised policy framework for district heating is in the process of being implemented, the near-term
priority may be to evaluate / understand its effectiveness over the coming years.
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https://www.nationalgas.com/sites/default/files/documents/NGT_EJP21_Network_Decarbonisation_RIIO-GT3_EXT.pdf
https://cadentgas.com/getmedia/8ec3cc25-c761-4b18-b84c-433f01f1ca47/The-Future-of-The-Gas-Network-Bulletin.pdf

Annex: technology lifetimes / cost of capital &
hydrogen production cost assumptions
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Assumptions on technology lifetimes and cost of
capital

UIAEE ([l Lifetime (years) Source / Note
tax, real)

Gas networks (PE pipelines, H2

blending points, biomethane 7.5% 90 Consistent with Assessment Methodologies* approach developed with gas networks
costs)

. Frontier assumption. We have assumed shorter economic life compared to gas

0,

LR e 7.5% 15 networks due to risk of obsolescence associated with IT solutions.
H2 networks 7.5% 90 Consistent with Assessment Methodologies approach developed with gas networks
H2P retrofit 10% 25 DESNZ power generation cost assumptions
Heating technologies (individual) 3.5% 15 Consistent with analysis supporting CCC CB6 pathways
Large scale heat pump 3.5% 25 Cost of capital based on CCC CB6 supporting analysis. Lifetime based on |ILF et al
Large scale gas boiler 3,506 20 Cost of capital based on CCC CB6 supporting analysis. While |LF et al suggests 35

years we have assumed 20 years to ensure consistency with 2050 net zero goals.

30 (electrolysis)
H2 production 10% 40 (methane DESNZ Hydrogen Costs report
reformation)

CAPEX makes up a significant share of costs for the following measures: repurposing networks for H2, advanced leakage management, hybrid heat pumps and gas as
district heating back-up. As such, the estimated cost-effectiveness of these measures is likely to be sensitive to changes in the above assumptions.

"The Assessment Methodologies approach involved comparing different Net Zero compliant options against multiple criteria, including core CBA elements and wider criteria. It was developed in conjunction
with the gas networks, and secured buy-in from DESNZ and Ofgem.
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https://www.theccc.org.uk/wp-content/uploads/2020/12/Element-Energy-Trajectories-for-Residential-Heat-Decarbonisation-Executive-Summary.pdf
https://publications.jrc.ec.europa.eu/repository/handle/JRC109006
https://publications.jrc.ec.europa.eu/repository/handle/JRC109006

FOor some measures, results are sensitive to our
projected hydrogen costs

* The cost of H2 supply (from a societal perspective) is an input Levelised cost of hydrogen projections* under central assumptions by
assumption for our cost of energy supply for industrial and power technology, 2030-2040
customers, as well as the cost of H2 blended into the network
* We have calculated a weighted average cost of baseload H2 ~ 100
supply, based on: g 28
+ Frontier calculations of electrolytic / blue H2 production &l 70
levelised costs of H2, based on DESNZ Hydrogen S < 60
production cost projections and updated energy supply = 50
costs; and B= 40
.C
» assumed shares of green / blue H2 (based on FES 2024 'S 38
Hydrogen Evolution) ‘g 10
* For blue H2, we calculate costs of ATR + CCS (300MW size) © 0
* For green H2, to proxy for flexible electrolysis operation, costs 2030 2035 _ 2040
are based on PEM Electrolysis operating at offshore wind load —Green H2 —=Blue H2 Weighted average

factors (with electricity costs based on offshore wind LCOE). We
have made an allowance for underground H2 storage costs
based on Element Energy 2018

*Source: Frontier Economics based on DESNZ Hydrogen Production costs and central energy costs for use in appraisal.
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https://assets.publishing.service.gov.uk/media/5c00053d40f0b65b09a3a827/H2_supply_chain_evidence_-_publication_version.pdf
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