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As the hydrogen markets develop in the UK and Germany,
there is an opportunity to realise pipeline-based hydrogen
trade between the two countries. This could either be
through a pipeline directly between British and German
landfall, connected into an offshore hydrogen network or
via connections to the Netherlands or Belgium. To facilitate
the international market, several activities require action,
particularly those supporting the development of respective
domestic markets in the UK and Germany.

These activities include the development of onshore networks, the
alignment of technical requirements for the trading of the hydrogen
molecule, and supporting the convening of the market to secure
agreements between producers and offtakers.

To this end, this study recommends a series of delivery
enablers, as set out below, with a preliminary focus in
the following areas:

1 I Developing a delivery plan for the
minimum regulatory alignment needed
to enable an interconnector.

2 I Determining the best mechanism to
support the convening of the market.

3 I Performing a high-level techno-economic
deliverability assessment of routing options.

4 I Carrying out stakeholder engagement
across the hydrogen value chain.
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Figure 1

Boundary conditions of the study scope.

Study scope

This study, c¢onduGemmang
Hydrogen P a r t n e ousires the &teps required
to enable potential pipeline-based hydrogen trade
between the UK and Germany in the future.

The study aims to support the development of
both countries' hydrogen economies, aiding
their net zero ambitions, fostering collaboration,
supporting hydrogen trade and transport
infrastructure development, and promoting an
international hydrogen market.

The specific outputs included: determining

the high-level infrastructure requirements;
identifying the regulatory, business model and
commercial requirements to enable a market to
trade hydrogen between the UK and Germany;
developing a roadmap outlining the next steps

to realise hydrogen trade including associated
delivery enabler decisions; and providing a list of
proposed actions for the respective Governments.

In this context, the scope of the study has looked
at six workstreams; industry engagement,
infrastructure assessment, business models
analysis, regulatory analysis, commercial
arrangements assessment, roadmap development
and focus areas.

The analysis of business models, regulations,

u ndgddhe assegsgengofjicemmercial arrangements

considered the whole hydrogen value chain, whilst
the high-level infrastructure assessment focused
solely on assets related to the interconnector, as
defined for this study in Figure 1.

The infrastructure assessment has considered
four route options:

i Connection to Germany offshore (Base
Case): a subsea pipeline from a UK east
coast landfall to an offshore tie-in point on
the AquaDuctus offshore pipeline system.

Connection to Germany onshore: a direct
subsea pipeline from a UK east coast
landfall to a German coast landfall.

Connection to the Netherlands onshore: a
direct subsea pipeline from a UK east coast
landfall to a Netherlands coast landfall.

Connection to Belgium onshore: a direct
subsea pipeline from a UK east coast
landfall to a Belgian coast landfall.
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Executive Summary: Introduction

The UK has set
interim targets of a

68 %

reduction by

2030

Opportunity Landscape

The UK and Germany have set
ambitious decarbonisation goals,
aiming for net zero greenhouse gas
(GHG) emissions by 2050 and 2045
respectively when compared to a
1990 baseline.

Within these goals, both countries
consider hydrogen playing a key role
in their pathway to GHG neutrality.
The UK has also set interim targets
of a 68% reduction by 2030 and an
81% reduction by 2035. Low-carbon
hydrogen plays a crucial role in this
strategy, particularly for sectors that
are complex or expensive to electrify.

The latest Hydrogen Strategy
Update to the Market, published

in December 2024, highlights
hydr o griticaldote inthe UK 6 s
future energy system, by providing

a source of cleaner, homegrown
energy and significant economic
opportunities across the UK.

This update also emphasises the
opportunities of leveraging the

countryos
energy resources, by positioning the
UK as a future exporter of hydrogen.

The UK Government is currently
prioritising the development of
domestic low-carbon hydrogen to
meet future demand by establishing
funding initiatives aimed at
enhancing hydrogen infrastructure.
Key initiatives include the Net Zero
Hydrogen Fund (NZHF) specifically
the Hydrogen Allocation Rounds
(HAR), and the Carbon Capture
Utilisation and Storage Cluster
Sequencing Process.

These initiatives, combined with
one of the world's largest offshore
wind sectors, have enabled the UK
to secure a competitive advantage
in various low-carbon hydrogen
production technologies.

abundant

This creates significant opportunities
for industry, with over 250 projects
currently under development in the
UK, presenting a potential pipeline
with a production capacity of 25.1
GW by 2030. While current rules
restrict funding eligibility to projects
for non-domestic offtakers, this
potential project pipeline offers the
UK an opportunity to emerge as a
hydrogen exporter to international
markets.

Following the
publication of 6 T h e
potential for exporting
hydrogen from the UK
to continental Europe
as t u dhysdstudy also
highlights  the potentially
competitive price of

hydrogen for offtakers
in continental Europe.

renewabl e
Germany has set interim targets

of reducing emissions by 65%
from 1990 levels by 2030 and 88%
by 2040, with low-carbon hydrogen
set to play a key role, particularly
for sectors that cannot be

fully electrified.

Germany's current hydrogen
demand is 55 TWh, and the German
Government expects it to rise to
95-130 TWh by 2030; this includes
the anticipated demand for hydrogen
derivatives such as ammonia,
methanol, and synthetic fuels.

By 2045, hydrogen demand is
projected to be between 360-500
TWh with an additional 200 TWh

for hydrogen derivatives. To meet

its growing hydrogen demand,
Germany aims to achieve a domestic
electrolyser capacity of at least 10
GW by 2030 and become one of the
largest hydrogen importers globally.
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The Ger man
Import Strategy for hydrogen indicates
their expectation to import 50-70% of
its hydrogen needs by 2030.

The primary infrastructure for
importing hydrogen and its
derivatives includes pipelines for
molecular hydrogen and shipping for
hydrogen derivates.

The domestic distribution will

be secured through a 9,040 km
hydrogen core network, consisting
of repurposed natural gas pipelines
and new hydrogen pipelines, to be
completed by 2032.

By 2030, plans are in place for
Germany's hydrogen network to
connect with neighbouring EU
countries through the European
Hydrogen Backbone (EHB),
with significant infrastructure
developments planned, including
import terminals and hydrogen-ready
LNG terminals.

To contribute to

Ge r ma nmpdrts needs
there is the potential to
connect UK production
to German demand via a
hydrogen interconnector.

Two extremes were identified for
how an interconnector project could

be structured; OPr
where one production project is solely

for export with limited to no onshore
net wor Kk
Net wor ko,
production projects are connected
via a Great Britain (GB) onshore
network to an export terminal.

The O6Net work to Ne

depends on the development timeline
of the onshore network, while the

0 P r otg Neectt w apprioath, though
not onshore network timeline-bound,
may face commercial viability issues

needs, and
where m

Go v e r n mandlimg the ability 2oscale hydrogen

trade from the UK in the long-term.

The latter is less aligned with the
UK Hydrogen Strategy to develop

a strategic domestic hydrogen
transportation network and is
therefore considered less favourable
from a UK perspective.

Engagement undertaken with
potential offtakers has confirmed
the support for the opportunity,
however, this also has identified
the challenges of ramping up the
hydrogen market in Germany,

this includes regulatory clarity on
hydrogen storage, expanding and
flexing funding mechanisms like
the Carbon Contracts for Difference
(CCfD) scheme, and clarifying the
EU and Germany's certification
approach. Swift implementation of
these measures is crucial.

The market is still in its early stages
and significant future stakeholder
engagement will be required across

the hydrogen value chain, particularly

with offtakers, producers, and
transport and storage operators in

the early stages of the initiation of an

interconnector project to understand
the needs case and feasibility for
trading hydrogen between the UK
and Germany.

Germany has
setinterim
targets reducing
emissions by

65 %

from 1990 levels by

2030
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Executive Summary: Key Messages & Conclusions

Infrastructure Assessment evaluating the condition, purpose, and lifespan
This study has found that pipeline route options of these pipelines and addressing technical

from UK to AquaDuctus or mainland Europe with challenges such as pressure rating, material
onward connection to Germany are technically compatibility, and the need for additional

feasible, at a high level, but require further infrastructure such as compression stations.
assessment and more certainty on how the two The conversion process would require
countriesd domesti c net woodrdnationsindnd muliptetstakeholdelsiargl e
the next decade. compliance with environmental regulations.

The routing options assessed are displayed in Continuous monitoring and maintenance would be
Figure 2. Existing interconnectors and pipelines essential, and supply chain disruptions associated
in the North Sea are unlikely, in the short to with the additional infrastructure requirements
medium term, to be available for conversion could affect the project timeline and cost.

to hydrogen use due to their existing contract The availability of these pipelines for conversion
requirements to supply natural gas and security depends on their current use for natural gas

of supply considerations. supply and the expiration of existing contracts,
Significant work would be required to determine which could impact the feasibility of repurposing
the viability of repurposing existing oil and gas them for hydrogen in the future.

pipelines in the UK North Sea for hydrogen
transport in an effort to create a network linking
the UK with continental Europe, including;
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Potential interconnector pipelines from a number of UK east coast landfall sites.
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Delivery Enablers

To enable the development of a hydrogen
interconnector, five key enablers have been
identified, spanning across the business
model, commercial arrangements, and
regulations needed.

These enablers are intended to unlock the
largest barriers to developing an interconnector
between the UK and Germany. The enablers
look beyond the interconnector itself given the
nascent status of the UK and German domestic
hydrogen economies and the dependency of the
interconnector with the onshore markets. This
includes supporting the development of market
arrangements between producers and offtakers
and the development of the onshore networks.

The enablers identified will need to be delivered
in two distinct phases, as displayed in Figure 3
This study recommends Phase 1 delivery

of the enablers should commence following
the publication of this study and will focus on

convening the market to bring together offtakers
and producers to establish commercially viable
hydrogen offtake agreements. Additionally, it will
involve developing the technical requirements
necessary for trading the hydrogen molecule.

Phase 2 will see the continuation of the
development of the regulatory framework and
convening of the market but will also see an
expansion to consider the development of an
interconnector business model and the alignment
of the wider hydrogen value chain.

In parallel to the delivery enablers implementation,
there are a wider range of actions that will need
to be delivered to support the development of the
respective domestic hydrogen markets.

Whilst these actions will be delivered by a range
of parties, at the end of each phase depicted,

as in Figure 3, there are government led project
gates to review the status of the needs case of
the interconnector before progressing to the next
phase of delivery.

Publication of Initial demand and production Interconnector Needs Case; project

this study view position

progresses to planning phase
L

Enabler 1: Develop the requirements to have the ability to technically trade the hydrogen

Enabler 2: Enable commercial trade of the hydrogen molecule between the two markets with

no/minimal friction between markets

Enabler 3:
Develop an inetrconnector business model

Enabler 4: Develop the regulatory framework for the interconnector

Phase 1 Delivery Enablers

Figure 3
Delivery Enabler sequencing.

Enabler 5: Align the delivery of the wider
hydrogen value chain

Phase 2 Delivery Enablers

UK-Germany Joint Feasibility Study on the Trade of Hydrogen
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The minimum required actions under each enabler, which
are proposed by this study, are detailed in Table 1 below.

Enabler

Proposed Actions

1

Develop the
requirements to
have the ability to
technically trade the
hydrogen molecule

1.1 The UK and German Governments to work together to align hydrogen emissions standards
and respective hydrogen certification schemes where appropriate, working with the relevant
authorities, including the European Commission, that hold responsibility for the establishment
and implementation of the standards and certification schemes.

1.2 The UK and German Governments, or respective technical authorities, to work together
to develop the technical operational requirements (including, for example, inlet pressures)
associated with the flow of hydrogen between the two future networks.

2

Enable commercial

trade of the hydrogen

molecule between
the two markets with
no/minimal friction
between markets

2.1 The UK and German Governments to explore how to facilitate market arrangements
between UK and German hydrogen markets and engage with potential project developers.

2.2 The UK Governments to undertake an assessment of the potential production export
capability, specifically capacity, location, quality, and timing, in the UK market.

2.3 In parallel to action 2.2, the German Government to undertake an assessment of the
potential offtaker requirements in terms of load requirements, timing, location, price sensitivity,
and quality in Germany.

2.4 The UK and German Governments, separately or together, to consider whether financial
support mechanisms may be required to ensure the commercial viability of future hydrogen
trade, specifically concerning production or offtake, in compliance with WTO rules.

3

Develop an
interconnector
business model

3.1 Undertake an assessment of the business model risks and potential guarantees that may
be required to manage revenue uncertainty for an interconnector and potential high charges for
users in the initial scale-up operational period. Based on this assessment, the UK and German
Governments should determine the needs case for interconnector business model support.

3.2 The UK and German Governments, and respective regulators (or future regulators), to
determine the potential process for interconnector business model allocation.

3.3. During the allocation of business model support, the respective regulators, within their
responsibilities, to review evidence provided by project developer(s) on the pipeline sizing to
determine whether the sizing is optimal from a technical and economic perspective.

4

Develop the regulatory

framework for the
interconnector

4.1 The UK Government to review the gas licencing framework to determine whether potential
revisions may be required for the development and operation of hydrogen interconnectors.

4.2 The UK and German Governments to work together to develop, coordinate, and ensure
the compatibility of the commercial operational requirements for the interconnector (including
access, charging, balancing, and trading) as part of the regulatory framework.

4.3 The UK and German Governments and/or relevant regulatory authorities to examine
whether there is any misalignment between national technical regulatory requirements (covering
safety, planning, consenting and permitting, environmental assessment, operations, and future
decommissioning liabilities) and develop a plan to ensure that any differences are understood
and managed to allow the development of the technical regulatory framework for a hydrogen
interconnector.

5

Align the delivery of
the wider hydrogen
value chain

5.2 G B 6NESO to consider the potential need for links between a domestic hydrogen transport
and storage network and new international hydrogen trade infrastructure as part of its
anticipated role in strategic planning.

5.3 The German Government to assess how a potential interconnector is considered in the
further planning of the hydrogen core network and that coordination between the onshore
network operators and the operator(s) of the interconnector is enabled.

5.4 The German Government to coordinate the timeline with the expansion of AquaDuctus Stage
1 and 2 and the completion of the core network and thus the connection of potential offtakers.

Table 1

Delivery Enablers and the Associated Proposed Actions.

© gettymages



Executive Summary: Key Messages & Conclusions

Focus Areas

As this study finds, the nascent nature of
the international hydrogen market poses
significant complexity when seeking to
develop a pipeline-based trade between
the UK and Germany.

As such, within the delivery enablers,

four key focus areas have been

identified to initiate, and support the

delivery of, the enablers following the

publication of this study:

i Develop a delivery plan for the
minimum regulatory alignment
needed to enable an interconnector.

Determine the best mechanism to
support the convening of the market.

Perform a high-level techno-
economic deliverability
assessment of routing options.

i Carry out stakeholder engagement.

Focus 1: Develop a delivery plan for
the minimum regulatory alignment
needed to enable an interconnector.
As identified within enabler 1, alignment
is required between the regulatory
frameworks, specifically the hydrogen
emissions standards and hydrogen
certification schemes, so that the
hydrogen can technically flow between
the countries.

As this alignment will be critical to
support the convening of the hydrogen
market, and the typically long lead times
associated with the development of
regulations, following the publication of
this study it will be necessary to identify
a plan for the delivery of the alignment
hydrogen emissions standards,

the countries respective hydrogen
certification schemes, and the technical
operational requirements associated
with the flow of hydrogen between the
future UK and German networks.
This study therefore recommends that
the UK and German Governments
collaborate to develop a delivery plan
for the minimum regulatory alignment
needed to enable an interconnector.

Focus 2: Determine the best
mechanism to support the
convening of the market.

The business case for the
interconnector is underpinned by
aligning market supply and demand.
Given the current nascent nature of the
hydrogen market, this will be a complex
process, as outlined in enabler 2,
Section 3.5.

Therefore, this study recommends that
following the publication of this study
the UK and German Governments
collaborate on determining a mechanism
that they can utilise to manage

the complexity of the stakeholder
engagement required across the
hydrogen value chain.

Four topics have
been identified
as priority  focus
areas following
the publication
of the study.

Focus 3: Perform a high-level
techno-economic deliverability
assessment of routing options.
Understanding the commercial viability
of the interconnector will be critical to
engage the market and support the
development of producer and offtaker
arrangements.

Therefore, this study recommends that
the UK and German Governments, or
an independent party perform a high-
level techno-economic deliverability
assessment of the route options, focusing
on assessing the CAPEX and OPEX
costs of the interconnector assets, as
defined in Figure 1, potential route options
to understand the high-level range of
potential interconnector costs.

This will inform the producer and
offtaker arrangements and determine
the commercial viability of the offtaker
agreements. It is important to note
that this will be a very early-stage
assessment and further, significantly
more detailed routing and techno-
economic assessments will be required.
It is important to note that this will be
a very early-stage assessment and
further, significantly more detailed
routing and techno-economic
assessments will be required.

UK-Germany Joint Feasibility Study on the Trade of Hydrogen
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Focus 4: Carry out

stakeholder engagement.

Given the nascent nature of the
hydrogen market, it will be important
to engage with stakeholders

across the hydrogen value chain to
understand market challenges and
stakeholder requirements to feed
into the interconnector needs case.

This stakeholder engagement will be
necessary across both phases of the
delivery enablers.

In phase 1 engagement with
offtakers and producers will be
particularly important to understand
the potential demand and production
capacity positions. In phase 2
broader engagement across the
value chain will be important to
support the development of the
interconnector needs case.

This study therefore recommends
that, following the publication of this
study, a stakeholder engagement
strategy is developed, building on the
outputs of the limited engagement
carried out in this study, to ensure
critical stakeholder requirements are
considered ahead of the initiation of
a project.

It is important to recognise that

this engagement will need to be
undertaken in the context of the
wider market development.

The stakeholders to be considered
would include but not be limited to:

I Producers: to understand the
landscape of development
including capacity, availability
and associated timelines to
commercial operation dates.

Onshore Network Developers:
to understand development
plans, geographical rollout, and
the associated timelines.

Interconnector Operators:

to further understand the
operational requirements of
an interconnector and identify
potential future operators.

Offtakers: to understand offtaker
specific requirements including;
timelines, quantum of demand,
quality and specification
requirements, and initial and
future demand profiles.

Regulatory Authorities: to
understand existing regulations
and development plans for
hydrogen across the value chain.

Storage Operators: to understand
the landscape of development

in both countries and future
availability to provide security

of supply for offtakers.

Supply Chain Providers: focusing
on providers of critical products
upstream and downstream
(such as electrolysers,
compressors, special materials
and alloys, seals and filters,
etc.) and key contractors (EPC
contractors, offshore pipe lay
barge operators, etc.) to better
understand future supply chain
capability and capacity.

Various parties will need to carry

out stakeholder engagement across

the two phases of delivery enablers,
including, the UK and German
Governments, any parties involved
in supporting the convening of the
market, and potential independent
stakeholders to contribute to the
development of the interconnector
needs case.

Engagement is
required across
the hydrogen
value chain to
understand
market
challenges to
feed into the
interconnector
needs case.

UK-Germany Joint Feasibility Study on the Trade of Hydrogen
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Introduction

This study aims to support the
development of the UKand
German hydrogen economies,
aiding the c o u nt respectivé
net zero ambitions, fostering
closer relationships for
collaboration, supporting
hydrogen trade and transport
infrastructure  development, and
promoting the development of
aregional hydrogen market.

UK-Germany Joint Feasibility Study on the Trade of Hydrogen




Introduction: 1.1 Study Context

1.1 Study Context

This study was conducted in support
of the five pillars of collaboration
under tGerenanyg KyHrogen
Partnershipé,
September 2023, between the UK
Department for Energy Security and
Net Zero (DESNZ) and the German
Bundesministerium fir Wirtschaft
und Klimaschutz (BMWK).

Through a comprehensive literature
review and analysis of publicly
available information, the study
outlines the steps required to enable
future hydrogen trade, including

a detailed examination of the
regulatory landscape, assessment

of potential pipeline infrastructure
requirements, and the steps required
to enable future hydrogen trade from
regulatory, technical, and commercial
perspectives.

This study aims to support the
development of the UK and

German hydrogen economies,
aidingthe c o0 u n trespeetigedet
zero ambitions, fostering closer
relationships for collaboration,
supporting hydrogen trade and
transport infrastructure development,
and promoting the development of a
regional hydrogen market.

1.2 Study Objectives
and Outputs

The objective of this study was to
provide the basis for the UK and

s i g neednaroGovethBents to consider

the potential for a hydrogen pipeline
in the future to facilitate trade of
hydrogen between the two countries,
considering the components of the
interconnector only and not the
production or storage of hydrogen.

The study outputs were defined to
include:

I Determine the high-level
infrastructure requirements.

Identify the Regulatory, Business
Model and Commercial
requirements to enable a
market to trade hydrogen
between UK and Germany.

Develop a roadmap outlining the
next steps to realise hydrogen
trade via an interconnector
including and associated
delivery enabler decisions.

Provide a list of proposed actions
for the two Governments.

1.3 Study Scope

The overall scope of this report
was split into six workstreams;
industry engagement, infrastructure
assessment, business models
analysis, regulatory analysis,
commercial arrangements
assessment, and roadmap
development.

Each workstream had individual
requirements to deliver the study
objectives as outlined above, which
are summarised in Sections 1.3.1
to 1.3.6.

This study
outlines the

steps required to

enable hydrogen
trade, looking
across regulatory,
technical and
commercial
perspectives.

UK-Germany Joint Feasibility Study on the Trade of Hydrogen
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1.3.1 Industry Engagement

To provide a basis of understanding
of the development of various
areas of the hydrogen value chain
that would be required to realise
hydrogen trade between the UK
and Germany, a high-level desktop
stakeholder mapping exercise

and engagement with potential

UK hydrogen producers, UK

and German environmental and
regulatory authorities, and German
hydrogen consumers was scoped.

For UK engagement, the focus was
on identifying and engaging with

a select number of stakeholders
interested in potential interconnector
projects and discussing their
development status and plans for
export of hydrogen to Germany.

: Export Landfall
Site (UK)

Figure 4

For Germany, the engagement
included identifying potential
hydrogen customers and discussing
their supply requirements, as well
as identifying relevant German
environmental and regulatory
authorities interested in the pipeline
systems construction and operation.

1.3.2 Infrastructure Assessment
The infrastructure assessment scope
included the high-level assessment
of four interconnector route cases
and was defined to go into a level

of detail sufficient to provide the
inputs necessary to assess the
delivery enablers, namely the
business models, regulatory models
and commercial arrangement
considerations. For the infrastructure
assessment, the elements of the
hydrogen value chain defining the
6interconnector
Figure 4 below.

Import Landfall g
Site (Germany)

Interconnector
Pipeline

Elements of the hydrogen value chain comprising an interconnector.

ar

e

ustrated

UK-Germany Joint Feasibility Study on the Trade of Hydrogen
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Introduction: 1.3 Study Scope

Four interconnector route cases were scoped for
assessment within this study as presented in Table 2.

Subsea pipeline from a
UK east coast landfall to
an offshore tie-in point
on the AguaDuctus
offshore pipeline
system.

Connection

Direct subsea
pipeline from a UK
east coast landfall
to a German coast
landfall.

Direct subsea pipeline
from a UK east

coast landfall to a
Netherlands coast
landfall.

Direct subsea
pipeline from a UK
east coast landfall
to a Belgian coast
landfall.

Transmission of
hydrogen to Germany,
and potentially to

the Netherlands and
Belgium via the German
hydrogen core network.

Transmission

Transmission of
hydrogen directly
to Germany.

Onward transmission of
hydrogen to Germany
via an onshore link
from the Netherlands.

Onward
transmission

of hydrogen to
Germany via an
onshore link from
Belgium.

Two UK start points
(England and Scotland)
will be evaluated for

High-level route

High-level route
assessment only,
considering a UK start
point in England.

High-level route
assessment only,
considering a

input to the Delivery assessment only, o] UK start pointin
Assessment Enablers assessment. considering two ﬁl‘ Sﬁotland o England.
level Different start points UK start points IE elr B Colen A Scotland to
may result in different (England and is excluded due to Belgium option is
tie-in locations on the Scotland). excessive length, excluded for similar
AquaDuctus offshore cost, and "."dd'ft'onlf"tl.l reasons as the
pipeline system. (r:é)(;\:]ﬁ;%ssmn actiiies Netherlands option.
Table 2
Routing Options.

The assessment activities included

Landfall Infrastructure

export and import locations.

Pipeline Routing

Netherlands.

A high-level indication of the technical
considerations around the landfall at

A review of potential routing pipelines
from the UK to the AquaDuctus
Offshore Pipeline System (Base Case)
with alternatives provided for direct
connection to Germany, Belgium and

Repurposing

Sizing

Review the existing natural gas
interconnectors from the UK for potential
repurposing to hydrogen export.

A pipeline sizing assessment of the
Germany Base Case determining the
appropriate, approximate pipeline
dimensions to handle varying capacities
while maintaining typical acceptable

pressure drop and velocity constraints.
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1.3.3 Business Models Analysis
The business models analysis was
scoped to identify the potential
business models options for the
interconnector, including the UK
and German onshore assets and
the interconnector itself taking

into consideration models for the
transition and enduring phases.

Additionally, the analysis reviewed
the regulatory and commercial
requirements associated with
each model.

The scope of this study included
exploring the need to put in place

a viable business model for the
interconnector only, specifically the
import/export terminals and the
associated pipeline(s) connecting the
UK and Germany.

The scope did not include business
models associated with the
production, respective onshore
networks and the offtakers.

The business models for these
elements are in development in both
countries and were to be considered
as key interfaces for a potential
interconnector business model
given the development status of the
hydrogen market, as displayed in
Figure 5.

Several factors are outside the scope
of the study.

Production

Figure 5

GB Onshore network

These included the likely revenue
support that might require a revenue
guarantee in the early stages of
development, the manner in which
this support would be provided and
the associated potential sharing

of the guarantee between the
respective Governments.

However, these factors will need
to be considered in the further
development of the model as they
will influence the principles of the
business model and the associated
impact assessments.

1.3.4 Regulatory Analysis

The regulatory models analysis
included reviewing the existing
technical and economic gas
regulatory frameworks, as well as
the proposed hydrogen regulatory
frameworks where they exist and
identifying the regulatory gaps,
enablers and actions for import and
export of hydrogen between the UK
and Germany.

This was scoped to cover both the
economic and technical regulations
across the UK, Netherlands,
Germany and the European Union
(EV). As the hydrogen sector is
relatively nascent, regulations in
some areas are in development and
in others will need to be developed
in upcoming years to support the
development and operations of the
interconnector.

> German Onshore
network

Interconnector —>>

Scope of business
models assessment

Hydrogen value and chain and business model boundary.

Analysis has
been undertaken
to identify

the potential
business
models for an
interconnector.

End Users
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Introduction: 1.4 Low-Carbon Hydrogen Definition
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The regulatory analysis was split
into economic analysis and technical
analysis and was to include:

Review of the current hydrogen
regulations and identification

of the regulatory gaps in

the UK and Germany.

T Assessment of the suitability
of UK and German natural gas
regulations for the interconnector
and onshore network.

T Assessment of the alignment of
the onshore and interconnector
regulatory requirements.

T ldentification of the key decisions the
UK and German Governments will
need to make regarding ownership,
regulation, licensing and operability.

1.3.5 Commercial

Arrangements Assessment

The assessment of the commercial
arrangements was scoped to include
the identification and assessment of
the potential charging regimes for an
interconnector. To achieve the scope
various activities were defined as:

T Review of the role of
network charging.

T Assessment of current natural
gas interconnector approach.

I The charging options to enable
the interconnector owner
to recover the costs.

T Assessment of the interaction of
commercial arrangements with the
design of the business model.

1.3.6 Roadmap

The roadmap was scoped to showcase
the requirements for delivery of the
Germany Base Case and identify

the next steps to achieve it. The
development of this roadmap and
identification of the next steps was
defined to include the assessment

of the required delivery enablers,
identifying long lead items to inform
development timelines associated with
the business models regulatory and
commercial requirements.
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Low -carbon
hydrogen

Is defined
differently  in the
UK and the EU,
whose hydrogen
standards are
applicable to
Germany as a
member state.

1.4 Low-Carbon Hydrogen Definition
Low-carbon hydrogen is defined differently
in the UK and the EU, whose hydrogen
standards are applicable to Germany as a

member state.

UK:
The

UK defciamédondlhgwr ogend

as

hydrogen

emission intensity of less than or equal to the GHG Emission Intensity
Threshold of 20 grams of carbon dioxide equivalent per megajoule of
Hydrogen Product, using Lower Heating Values (20.0gCOFRe/MJLHV

Hydrogen Product).

Germany/EU:

As Germany is embedded within the E U &egulatory framework, the E U 6 s
standards on hydrogen are applicable to Germany.

The EU distinguishes between low-carbon hydrogen and renewable
hydrogen. Low-carbon hydrogen is characterised by its ability to reduce
GHG emissions by at least 70% compared to traditional fossil-based

hydrogen.

It is produced from non-renewable energy sources, such as natural gas
with carbon capture and storage (CCS) or through electrolysis powered

by nuclear electricity.

The focus here is on the reduction of emissions, regardless of the energy
source used. Renewable hydrogen, commonly referred to as green or
clean hydrogen, is defined by its production through electrolysis using
electricity derived from renewable sources, or through the reforming of

biogas and the biochemical transformation of biomass.

According to EU legislation, hydrogen and its derivatives that are
produced without the use of biomass are considered as renewable fuels
of non-biological origin (RFNBO)?2.

For the purposes of this report the use of the

t er m-c@lrdw n

hydrogend

encompass both renewable and other forms
of hydrogen which comply with both the

UK and German standards for low-carbon
hydrogen, these standards are discussed in
further detail in Appendix C.

There are several eligible production
pathways which can be used to produce
hydrogen which complies with the UK and
EU standards for low-carbon hydrogen.
In this report, when referring to a specific
form of hydrogen produced via specific
technology pathways, the relevant

terminology is used.

C

an

be

t aken
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Landscape

Germany has set ambitious import
targets and this presents a significant
opportunity  for the UK to export in
the future, given astrong pipeline
of potential projects. There are two
extremes of how an interconnector
project could be structured:

1) Project to interconnector  dthis
option is unlikely to be commercially
viable and limits opportunity

for future hydrogen trade.

2) Network to interconnector 0
this will be affected by the GB
onshore network development
timelines. Stakeholder engagement
is required, particularly  with
offtakers, producers, and transport
operators to understand the
needs case for trading hydrogen
between the UKand Germany.
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Landscape: Key Messages
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Landscape: 2.1 UK Context

2.1 UK Context

The UK has made a legally binding
commitment to reduce all GHG
emissions to net zero, against a
1990 baseline, by 2050. This is
commonly known as
target. Through its legal framework,
the Climate Change Act 2008, the
UK has set five-yearly legally binding
carbon budgets. This includes an
equivalent of a 77% reduction in
emissions over the sixth carbon
budget covering 2033-37, with the
seventh carbon budget due to be
agreed by 2026, which will cover
2038-2042. In parallel, as part of its
Nationally Determined Contribution
to the Paris Agreement, the UK has
set a 68% emissions reduction target
by 2030 and 81% by 2035 (excluding
international aviation and shipping).

The UK Government believes low-
carbon hydrogen will play a key role
to achieve its net zero ambitions,
its mission to deliver clean power
by 2030, and its mission to secure
the highest sustained growth in the
G7. In its latest Hydrogen Strategy
Update to the Market?, hydrogen is
identified as a crucial enabler of a
low-carbon and renewables-based
energy system, that will help to
deliver new clean energy industries
which can support jobs in the
countryo6s i
coastal communities.

To advance its growth and

clean energy missions, the UK
Government has identified hydrogen
as a unique solution in transitioning
crucial UK industries away from
fossil fuels and towards a clean,
homegrown source of fuel. Hydrogen
can decarbonise hard-to-abate
sectors like chemicals and heavy
transport, complementing wider
electrification efforts and accelerating
progress to net zero®.

ndustri al

The UK has an ambitious range UKgovernmentds

of policies in place to incentivise recent
i . . announcement
and support industry to invest in of up

low-carbon hydrogen, as it reaches
the delivery phase of its Hydrogen
Strategy, supperting 12 eepewaple
hydrogen projects from the first
Hydrogen Allocation Round (HAR1),
which comprised £90 million in
capital grant support through the Net
Zero Hydrogen Fund (NZHF) and

c. £2.3bn revenue support through
the Hydrogen Production Business
Model (HPBM). Moreover, the UK
Go v e r n mecentadnsuncement
of up to £21.7bn of funding for the
carbon capture industry includes
support for Carbon Capture,
Utilisation, and Storage (CCUS)
enabled hydrogen and paves the
way for the -&&&Hs fi
hydrogen projects.

Leveraging its abundant renewable
energy resources, the UK

Government recognises its potential

to become an exporter of low-carbon
hydrogen in the future. By enhancing

its export capabilities, the UK

would strengthen its supply chains,
stimulate clean growth, and increase

its strategic importance as a supplier

of low-carbon energy to Europe.

£21.7

billion of funding
for the carbon
captureindustry

rst | arge

heartl ands and
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Landscape: 2.1 UK Context

2.1.1 Production and demand This includes four energy scenarios:

The UK is strategically positioned to gain a 1. Holistic Transition: Net zero met through
competitive advantage in various low-carbon a mix of electrification and hydrogen, with
hydrogen production technologies, particularly hydrogen mainly around industrial clusters.

electrolytic hydrogen and carbon capture,

utilisation and storage-enabled hydrogen. With
one ofthe w o r lladgéssoffshore wind sectors, )
natural assets, and expertise in CCUS, UK Hydrogen Evolution: Net zero met through fast

companies are leading the way in hydrogen progress for hydrogen in industry and heat.
technology development. 4. Counterfactual: Net zero missed,

The GB National Energy System Operator (NESO) though SOME progress 1S made for
published their updated Future Energy Scenarios decarbonisation compared to today.

(FES) document in 20244,

Electric Engagement: Net zero met
through mainly electrified demand.

Hydrogen Demand Estimates, Future Energy Scenarios (NESO,
2024)

450

400

350

300

250

Twh

200

150

100

Figure 6

Hydrogen Demand Estimate Ranges in the Future Energy Scenarios, not including the
6Counterfactual 6 scenario. (NESO, FES Data Workbook 2024) .

Figure 6 shows a plot of the range of demand for

low-carbon hydrogen estimated by NESO in the

FES 2024, including only scenarios where net zero

is met, which excludesthe6 Count e isderarot ual 0
NESO estimate that demand for low-carbon

hydrogen could range from 9-57 TWh in 2030; 41-

140 TWh in 2035; and 142-393 TWh in 2050.
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Figure 7 shows the location of projects that to date have
been offered or have received UK Government funding for
commercial scale low-carbon hydrogen production.

The geographical location of a significant proportion of UK
production funding has, to date, been allocated to projects co-
located with demand sites, since UK funding requires projects
to have domestic offtakers.

HAR1 NZHF Window 2
Project Name Developer No. North Project Name Developer No.
Cromarty Storegga 1 i - Ballymena Ballymena 12
Hydrogen Hydrogen
Bradford a
Hydrogen Hygen 2 e ? ﬁograd Energy Conrad "
' rogen
Tees Green EDF 3 ) - - nges%oft Energy
=) . -
Langage Green Carlton Power 4 X Didcot Green
Hydrogen Hydrogen RWE 14
Barrow Green CarionPowert 5 North West n Electrolyser
Hydrogen Green Hydrogen  Progressive 15
Trafford Green S BT 6 [ s ) o (o] St Helens Energy
Hydrogen Green Hydrogen o
West Wales H2 Energy & 7 w 9 % Winnington and Ern%grgsswe 16
Hydrogen Trafigura [ ] m Middlewich
HyMarnham JG Pears 8 m;cri]r';c:;ker?\rlzﬁlgy TR 17
Whitelee Green Scottish 9 Knockshinnoch
Hydrogen Power
ydrog Green Hydrogen Renantis 18
Sl)r:jerggen 2 HYRO 10 Hub Project
Ew— i m Hynet HPP2 Vertex 19
yBon arubeni
Kintore Hydrogen Statera 20
NZHF Window 2 H2 NorthEast Kellas 21
N Felixstowe Port Scottish 2
Project Name Developer No. Green Hydrogen  Power
Grenian Grenian 25
Hydrogen Speke  Hydrogen 7 m ]
Tees Green EDF 2% ® CCUS Sequencing
Methanol [~)
Humber -4 ° Project Name Developer No.
Hydrogen Air products 27 m Essar Energy
Hub 3 (H3) ° Hynet HPP1 Transition 23
Sullom Voe Enquest Hydrogen
Terminal Green 28 bpH2 T id b 24
Hydrogen Project Hydrogen 2 eesside &
Pembroke 200
MW Green . .
e — RWE 2 Projects offered support through windows
Electrolyser Generation 1 and 2 of the NZHF and HAR 1, and the
Gllaseltl CCUS enabled hydrogen projects in the
Bp Aberdeen _ i
R Hydrogen " Track-1 cluster sequencing process
Hydrogen Hub Energy
Limited
Tees Valley
Hydrogen Vehicle F)'EOIumt' | 31
Ecosystem SKerna fona
(HYVE)
Suffolk Hydrogen Hyrab Power 32
Figure 7
Announced Hydrogen Production Projects: Net Zero Hydrogen Fund (NZHF) and Hydrogen
Allocation Round 1 (HAR1). Data correct as of 2024.
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Landscape: 2.1 UK Context

A plot of power and industrial
emitters in the UK, as detailed in
Figure 8.

As detailed in the Hydrogen Strategy
Update to the Market, in December
2024, the UK sees hydrogen playing
a key role in transitioning crucial
industries to clean alternatives to

oil and gas.

As outlined in
Power 2030 Action Plan®, there
is a 2-7 GW range of installed
low-carbon dispatchable power
possible by 2030.

Hydrogen to power, which is the
conversion of low-carbon hydrogen
to produce low-carbon electricity is
intended to form a part of this.

Across industry, hydrogen is poised
to be a key solution for decarbonising
industrial processes that are complex
or more expensive to electrify.

This includes its application as a fuel
in high-temperature, energy-intensive
equipment, as well as a feedstock for
specific industrial processes.

In addition to projects the projects
identified in Figure 7, there is a
known pipeline of over 250 UK
projects under development,
presenting a potential production
capacity of 25.1 GW by 2030, as
displayed in Figure 97.

Although it is unlikely that the entirety
of this pipeline will be realised, this
suggests there is significant industry
ambition to further develop UK
hydrogen production.

Depending on market conditions
and UK policy, exports of hydrogen
could help bring some of this
potential pipeline of projects
forward in the future.

t h eran

As outlinedintheUK 6 s

Clean Power 2030

Action Plan there is

2.1

cargjg}r}ef

power possible by

2030

'ngtalleélpvyé an

Ispatchable

(]

(B5]

Chemicals
Minerals, Materials , Metals

Oiland Gas
Other industry
Power

Figure 8

Industry emitters plotted from the National Atmospheric
Emissions Inventory (NAEI) dataset (DESNZ).
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To evaluate the feasibility of this
pipeline for exports or domestic
demand, further analysis is required
to determine the renewable electricity
requirements and other resource
requirements, such as water for
electrolysis, to facilitate project
implementation.

Additionally, ongoing monitoring of
these projects will be essential to
assess how the
capacity can meet future demand
requirements.

2.1.2 Low Carbon Hydrogen
Standard and Certification Scheme
The UK Low Carbon Hydrogen
Standard sets a maximum threshold
for GHG emissions for hydrogen to
be
to ensure that low-carbon hydrogen
producti on
decarbonisation efforts. The UK
defines low-carbon hydrogen as
hydrogen produced with GHG
emissions from well-to-production
gate of no more than 20 gCO2e/
MJLHYV of hydrogen produced?.

30
25
20

15

GW

10

Figure 9

2024

The Low Carbon Hydrogen
Certification Scheme is currently
under development. It will verify the
emissions intensity of hydrogen,
determined using the Low Carbon
Hydrogen Standard methodology.
This will enable low-carbon hydrogen
producers and users to prove the
low-carbon credentials of hydrogen
and will be a key enabler for trade.

U K 6\&rsipnr3 of dhe lcotv Casbion

Hydrogen Standard was published
in 20238, Version 4 of the Low
Carbon Hydrogen Standard is
under development, to ensure
that the Standard remains fit for
purpose and keeps pace with
growing understanding of how
new technologies work in practice.

consi deearebdo nod .o WEUtuie Yersioss of the Standard

will also refine the requirements in

contr i bplebaRafion fordhe falbhén ofths 0 s

certification scheme.

The UK Low Carbon Hydrogen
Standard and Certification Scheme
are discussed further in Appendix C.

2025 2026 2027

Electrolytic mCCUS-enabled

Hydrogen is
poised to be a
key solution for
decarbonising
industrial
processes that
are complex or
more expensive
to electrify.

2028 2029 2030

Total

Cumulative Potential UK Total GW Low-Carbon Hydrogen Production Capacity’.
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Landscape: 2.2 UK Funding

2.2 UK Funding

2.2.1 Net Zero Hydrogen Fund
The Net Zero Hydrogen Fund
(NZHF), announced in 2021°,
will allocate up to £240 million
to support the development and
construction of new low-carbon
hydrogen production plants.

The Fund has been open to various
production technologies, including
CCUS-enabled and electrolytic
hydrogen, and targets projects that
are able to commence production
during the 2020s.

The grant allocation of the NZHF
is divided into four strands:

Strand 1;

provides development
expenditure for front

end engineering design
studies and post-front end
engineering design costs.

Strand 2:

provides capital
expenditure for projects
that do not require revenue
support through the
Hydrogen Production
Business Model.

Strand 3:

provides capital

expenditure for projects that
require revenue support through
the Hydrogen Production Business
Model and are part of the first
Hydrogen Allocation Round.

Strand 4:

provides capital expenditure

for carbon capture, utilisation

and storage-enabled hydrogen
projects that require revenue support
through the Hydrogen Production
Business Model and are part of the
Phase 2 cluster sequencing process.

DESNZ announced
seven successful
applicants for Round 2
allocating up to

£21

for hydrogen
production projects
across England,
Scotland, and Wales.

In February 2024, DESNZ
announced seven successful
applicants for Round 2 of the NZHF
Strands 1 and 2%°, allocating up to
£21 million for hydrogen production
projects across England, Scotland,
and Wales, pending contract
signings. This follows Round 1,
which allocated £37.9 million to

15 projects.

Additionally, over £90 million
from NZHF Strand 3 will support
construction costs for projects
selected in the HARL.

NZHF Strand 4 will provide capital
support for CCUS-enabled low-
carbon hydrogen production plants
selected through the Track-1 cluster
sequencing programme, also subject
to contract signings.

2.2.2 Hydrogen Production
Business Model

The Hydrogen Production Business
Model (HPBM)! provides revenue
support to incentivise investment

in new low-carbon hydrogen
production and encourage users

to switch to low-carbon hydrogen
by making it a price competitive
decarbonisation option.

The HPBM will stimulate demand
for low-carbon hydrogen as the
subsidy paid to hydrogen producers
will enable them to sell hydrogen at
a price that users can afford to pay.
The subsidy to hydrogen producers
directly addresses barriers to
investment in production, which will
help achieve the U K &Ctean Energy
Superpower and Growth Missions
at pace.

The model is delivered through the
Low Carbon Hydrogen Agreement,
which is a private law contract signed
between a hydrogen producer and

a government counterparty, the Low
Carbon Contracts Company.
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2.2.3 Hydrogen Allocation Rounds
The HARs allocate revenue support
through the HPBM to non-carbon
capture, utilisation and storage-
enabled hydrogen production
facilities across the UK.

Following the announcement of 11
successful projects to be offered
contracts under the first HAR,
totalling 125 MW capacity, the

Low Carbon Contracts Company
has signed the first Low Carbon
Hydrogen Agreements with the first
three HAR1 projects.

Signing contracts has enabled
these projects to be among the first
commercial scale hydrogen projects
in the world to take final investment
decisions (FID) and move into
construction. The first project is

expected to be operational in 2025,

HAR2 was launched in December
2023 and was oversubscribed. This
includes a spread of applications
across the delivery years between
2026 and March 2029. DESNZ
aim to publish a shortlist of HAR2
projects to be invited to the next
stage of the process in due course.

The UK Government is currently
developing the approach to

HARS3, to ensure it delivers on the
Government 6s pri

In 2025, the UK Government will
also review the design of future
allocation rounds. This could include
moving to an independent allocation
body and a price-based competitive
allocation model.

When conducting this review, the

UK Government will take the relevant
market conditions and experience

of earlier rounds into consideration.

2.2.4 Carbon Capture,

Utilisation and Storage Cluster
Sequencing Process

As part of the Carbon Capture,
Utilisation and Storage Cluster
Sequencing Process, revenue
support to CCUS-enabled new
hydrogen production facilities is

to be allocated through the HPBM.

In October 2024, commercial
agreement was reached with the
private sector to announce up to
£21.7 billion of funding available
over 25 years to launchthe UK 6 s
new CCUS industry*?.

This announcement should help
pave the way for
large-scale hydrogen production
plant, decarbonising vital industrial
sectors, subject to negotiations and
final agreements that represent
value for money.

Following an announcement in
October 2024 of funding for the
initial Track 1 cluster, further
decisions for continued CCUS
deployment, including for Track 2

or c§u§tqrsev\g'll _be taken in due course.

t

he

UKo s
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Landscape: 2.3 Hydrogen networks and storage

2.3 Hydrogen networks This was previously outlined in the
and storage Hydrogen Transport and Storage
The infrastructure for hydrogen Networks Pathway published by
transport and storage (T&S) will DESNZ in December 2023*.

be essential for linking hydrogen The NESO was launched in October
producers with consumers and 2024. DESNZ intends for NESO
addressing supply and demand to take on responsibilities for the
imbalances. strategic planning of hydrogen

This T&S infrastructure is crucial transport and storage infrastructure
for fully realising the U K éhgdrogen ~ from 2026

goals and achieving the Clean In early 2025, DESNZ is planning to
Energy Superpower®® and Growth take forward work on National Energy
Missions'4 by establishing a leading System Oper atsaopebds ( NESO)
hydrogen network across the UK. of activities for strategic planning
New business models for hydrogen of hydrogen transport and storage
transport and storage infrastructure infrastructure, including through

are being developed, to remove consultation and engagement with
market barriers and unlock private industry where appropriate.

sector investment.

The Energy Act 2023 provides
the legislative framework that

will underpin the delivery of the The government is designing business models to
Hydrogen Transport Business incentivi;e investment in hydrogep transport and
Model and the Hydrogen Storage storage infrastructure. These business models are the:
Business Model.
Strategic planning is also being Hydrogen Transport Hydrogen Storage
utilised to provide greater certainty Business Model Business Model
on future transport and storage (HTBM): (HSBM):
network requirements and This model is intended to This model supports the
development, for both domestic support the development development of storage
. of, hydrﬁgen transport n facilities, with a focus on
needs and to align VYiabrlcturd thcbnnedd KO S| geological storage in early
trade ambitions. producers with end-users rounds. UK government intend
. P d stores. to design the first Hydrogen
The UK Government is continuin an .
. . 9 The first Hydrogen Transport Storage Business Model
to assess growing evidence of Business Model round round to contribute towards
emerging hydrogen transport and will contribute towards an an ambition to support up
storage network requirements to ambition of incentivising the o t‘;"o Stgra.ge projects at
determine what infrastructure is CLETRTATAIET O ! S e I B e e
pipeline infrastructure to be construction by 2030. UK
needed, Whel’e a.nd When in Operation or construction gove-rnment pybllshed |ts )
by 2030. Aimi nded podugust on in
2.3.1 Strategic planning and In August 2023, the UK é?/ze? tﬁ&‘fﬂg‘;‘?ﬁfh@%ﬁ
funding for hydrogen transport government published its design. In November 2024,

Aimi nnded positions

and storage infrastructure the high-level design of the govermment advised the

DESNZ is the interim strategic HTBM and intends to publish ”:f‘rl‘et.thalt i:}:.is stta”fd e?r'y
planner for the build out of hydrogen an update in due course. f’igﬁé%gsﬁge ;]y%rgg%r??# ¢
transport and storage infrastructure geological storage facilities,
and will continue to work closely with and support in remarketing/

reselling those rights to

Ofgem and industry to provide early end users.

strategic direction.
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In addition to these strategic plans,
the UK industry is actively working
on several key projects to establish

a comprehensive hydrogen network.

Initiatives, presented in Figure 10
could prove pivotal in developing
the necessary infrastructure. The
different networks are shown
indicatively in different colours
representing the connectivity

between locations and are not
representative of route alignments

These projects focus on creating
interconnected pipelines that provide
access to potential large-scale
hydrogen storage facilities that
mirror, in part, the existing natural
gas networks and aim to support a
seamless transition to hydrogen.

Network Name

Union

East Coast
Hynet
Caledonia

Capital

H2 Valley
HyLine Cymru

Figure 10

UK Potential H2 Transportation Projects (Source: DESNZ).
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Landscape: 2.4 UK Export Opportunity

2.4 UK Export Opportunity This opportunity is further bolstered by the

The UK has a significant opportunity to become estimated competitive nature
a major exporter of low-carbon hydrogen in the Levelized Cost of Hydrogen (LCOH), as reported

future, driven by ambitious production targets and by Bloomberg New Energy Finance (BNEF)™

strong European demand. Table 6, indicating that UK hydrogen production

The UKdés strategic geogr@HdPeecongmically viapleagaingtotger
access to offshore wind resources further emerging hydrogen markets globally.

enhance its potential as a key future hydrogen Furthermore, the UKOs geogra
supplier to Europe. to Europe enhances the cost-effectiveness of

The EUds goal to inpfort WHOIERragngeerigtion viagipeling making its

hydrogen annually by 2030 presents a lucrative Levelised Cost of Transport (LCOT) competitive
market for UK exports. When looking at Germany with that of other international markets, including

specifically, Germanyos NospitheAmesqas, _%he'”@ gyt Austealia®.
hydrogen and hydrogen derivatives indicates that ~ In May 2024, Arup published a report

the country will rely on imports for 50-70% of its commissioned by DESNZ* which confirmed
hydrogen needs by 2030. the UK could be in a strong position to trade

low-carbon hydrogen to continental Europe

As outlined above, the UK is also developing :
in the future.

essential T&S infrastructure to connect hydrogen
producers, which will be a key dependency to
potentially connect the two networks in the future,
as discussed in Section 2.3.

Ireland Future
Export Opportunity

Il rel andds National Hy dTri-pagtitetiscBssions etevarry the UK,
published in July 20232, outlinesthe c 0 u n t rQGerdnan, and Irish Governments indicate
vision for integrating hydrogen into its energy  the future potential of connecting Irish low-
system as a key component of a zero-carbon carbon hydrogen

economy. Ireland will prioritise the scale up production to a | e,

and production of renewable (electrolytic) UK transportation

hydrogen, |l everaging treworcenabimg ry 6.8, signi ficant
wind resources. onwards Stratesy

Ireland has a 2 GW target of offshore wind, connection

for the production of renewable hydrogen of additional

and other non-grid limited uses, to be in production

development by 2030. capacity to

The strategy also outlines| r e | aimsd 6 s Germany.

to develop export markets or renewable
hydrogen and related technologies.

Table 3
Future Potential Export Capacity via Connection to Irish Production.
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The study, which considered both
pipelines and shipping to transport
hydrogen, demonstrated that
transport by pipelines would allow
the UK to compete with ship exports
from regions with lower hydrogen
production costs.

2.4.1 Hydrogen Interconnector
Projects under development
Two extremes have been
identified when considering how
an interconnector project could be
structured:

1. Project to Interconnector: A
production project that is only
for export and has no/limited
onshore network need as
the project would be directly
linked to the interconnector.

2. Network to Interconnector: Two
or more hydrogen production
projects located in different
locations are connected by
a Great Britain (GB) onshore
network to the GB export
terminal of the interconnector.

There are several ways to structure a
project within the defined extremes.

The &6Network to | nt
extreme will be influenced by the
timelines related to the development
of a GB onshore network.

Conversely,the6 Pr oj ect
I nterconnector 6
bound by this timeline, may face
challenges regarding commercial
viability and could restrict future
opportunities for scaling up
hydrogen trade, given that in the
network scenario, additional UK
capacity will be connected as the
market ramps up providing greater
diversity of supply.

Mor eover, the 6Project t o

I nterconnector6 approach is
well aligned with the UK hydrogen

strategy to develop a wider hydrogen

transport and storage network, as

discussed in Section 2.3, and is

therefore considered less favourable

within a UK context.

to

annually by 2030
presents a lucrative

The E U 6gsal to import

market for UK exports.

ector o

m

e X tonhe€ dNBydroge h i | e
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Landscape: 2.4 UK Export Opportunity

A number of stakeholders were identified who are
considering hydrogen interconnector projects for
the export of hydrogen from the UK to Europe.

Those who have consented to the sharing of
information have been included in Table 4 below.

National Gas and Fluxys National Gas and Fluxys Belgium have signed a MoU [22] with the aim of stepping up
their cooperation on decarbonisation infrastructure and supporting CCUS. As a result of
the MoU, National Gas and Fluxys have agreed to explore the potential development of
a hydrogen interconnector between the UK and Belgium. This initiative aims to leverage
North Sea energy resources, such as offshore wind and hydrogen production, to
enhance energy security and to support large-scale decarbonisation efforts.

This collaboration builds on the 25-year history of operating the natural gas
interconnector between Bacton (UK) and Zeebrugge (BE). The key goals of their plan
are focused around;

T Hydrogen Transport Corridors: Developing infrastructure to
transport hydrogen between the UK and Belgium, enabling the
trade of hydrogen between the UK and mainland Europe;

i Carbon Capture and Storage: Exploring the potential for
CCUS to further reduce carbon emissions;

i Energy Security: Enhancing energy resilience and security for both countries.

National Gas estimates a COD between 2033 and 2035, contingent upon the
development of the respective onshore transportation networks in both countries.

In this regard, National Gas is developing plans for a domestic hydrogen transmission
network in GB, referred to as Project Union. This initiative aims to establish a national
hydrogen transmission network, connecting various industrial clusters, which will serve
as crucial prerequisite infrastructure for the development of a hydrogen interconnector
between Bacton and Zeebrugge. National Gas has recently submitted a funding request
for Front and Engineering Design (FEED) studies that will look to develop the detailed
engineering design of the proposed onshore hydrogen transmission network.

Table 4
Summaries of UK to Europe Hydrogen interconnector projects in development.
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Project

Description

Confidential Project

This project is a combined new build hydrogen production and transportation
project, utilising electrolytic hydrogen production in northern Scotland and
subsea pipeline transport to Germany, either directly or via the AquaDuctus
offshore pipeline system.

The project has the ambition to sup

import needs or around 30% of Ge r ma hyw2639. This goal is based on
producing 500-600 kilotonnes per annum (ktpa) of hydrogen via a 4 GW
electrolyser plant, linked to a roughly 900 km, 40-inch diameter pipeline to
Germany. However, this is contingent on reaching a timely FID.

It is estimated to cost approximately £15 billion.

Given the production is based on renewable hydrogen, this will be
favourable for use in Germany as it is recognised as a RFNBO in the
transport, industry, and building sectors under the latest revision of the EU
Renewable Energy Directive, RED III.

Most importantly, the viability of the project hinges on favourable decisions
regarding zonal pricing and the establishment of a North of Scotland bidding
zone under the UK Go v e r n nikevietv 6f Electricity Market Arrangements
(REMA), which has the potential to make the hydrogen produced by the
project cost-competitive with other German import options. Without zonal
pricing under REMA, this would not be feasible.

Net Zero Technology Centre (NZTC)

The NZTC is |l eading an internationa

Backbone Link Projectdé, assessing
Scotland to Europe. The project looks at establishing a route utilising a
purpose-built single large bore pipeline, which would start from various
potential production hubs in northern Scotland, connecting to the proposed
European Hydrogen Backbone onshore infrastructure.

In Phase 1 the project focussed on a route through the North Sea, avoiding
existing Central North Sea infrastructure and routing through Norwegian
and Danish waters before landing in Germany. This route closely followed
most of the ScotWind leasing sites to the north of St Fergus, as well as the
German offshore windfarms namely BorWin, DolWin, HelWin, and SylWin,
allowing for potential future connections to wind-powered offshore hydrogen
electrolysers.

In the ongoing second phase of the project, the NZTC-led consortium is
considering alternative routings to the Phase 1 case i including the option
to remain predominantly within UK waters. Routing now includes additional
connections from the West Coast of Scotland, England and connectivity
with Ireland. It also considers alternative European landing points such as a
direct connection to the AquaDuctus project.

a

Table 4

Summaries of UK to Europe Hydrogen interconnector projects in development.
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Landscape: 2.5 Germany Context

2.5 Germany Context

Germany has set itself the ambitious
goal of becoming carbon neutral by
204523, To achieve this, all sectors
will have to adjust their current
modes of operation.

While significant emission reductions
can be achieved through energy
efficiency improvements and
electrification (especially if this is
based on the build-out of renewable
energy), some processes, particularly
in the industry sector, have reached
the technological limit in terms of
efficiency improvements and cannot
be electrified?.

This is where hydrogen comes in as
an additional solution. With its broad
and flexible applicability as a fuel,
energy carrier, and storage medium,
hydrogen is versatile and, when
produced via electrolysis based on
renewables (renewable hydrogen)
or via fossil gas reforming / methane
pyrolysis with CCS or waste
gasification, low in emissions.

To position itself in the
emerging global hydrogen
market, the German
Government published
its original National
Hydrogen Strategy
(NHS) in June 2020 and
released an updated
version in July 2023.

The overarching aim of the NHS is

Additionally, the updated strategy
formulates four goals, each of which
is underpinned by short, medium and
long-term action steps:

T Securing sufficient availability of
hydrogen: Establishing a reliable
supply, both through installing
10 GW of electrolyser capacity
domestically by 2030 and by
ensuring the availability of imports;

Expanding the hydrogen
infrastructure: Developing the
hydrogen core network and
connecting to the EHB

Establishing hydrogen applications
across sectors: Promoting the use
of hydrogen in various sectors,
particularly those that are hard

to decarbonise, such as industry,
heavy-duty transport including
shipping and aviation, and energy;

Creating suitable framework
conditions: Developing regulatory
and policy frameworks, at the
national, EU, and international
level, to achieve a coordinated
approach that allows for a global
hydrogen market to emerge.

Together, these goals are intended
to promote the use of hydrogen to
achieve the sectoral decarbonisation
targets and at the same time create
the conditions for meeting the
emerging demand?®,

In the strategy, the German
Government places particular
emphasis on the use of low-carbon
hydrogen in the energy-intensive
industrial sector, where few or no
alternatives to the usage of low-

to secure and strengthenGe r ma n ycarson hydrogen exist to achieve the

position as a leading provider of
hydrogen technologies along the
entire value chain.

necessary emission reductions.

In 2023, Germany had
a hydrogen demand of

55

UK-Germany Joint Feasibility Study on the Trade of Hydrogen

38



Specifically, the German Government
envisages low-carbon hydrogen, preferably
renewable hydrogen, to replace fossil raw
materials in applications. Moreover, low-
carbon hydrogen is to be used energetically,
especially for high-temperature process
heat (steel and chemicals industry).

Other usage areas are the transport,
power, and heating sectors. However, in
all three of these sectors, the German
Government is very selective regarding
the sub-sectors, where the application of
hydrogen makes sense.

The key criterion for this selection is
always the availability of alternative
solutions, such as electrification.
Accordingly, the German Government

is concentrating on the application of
hydrogen in heavy-duty vehicles and the
maritime and aviation sectors, long-term
energy storage, and as a transport medium.
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Figure 11

In the heating sector, hydrogen is only to
be used after 2030, with immediate and
long-term preference given to alternatives
such as heat pumps?.

2.5.1 Low-Carbon Hydrogen Demand

In 2023, Germany had a hydrogen demand
of 55 TWh. The German Government
expects that this will increase by 40-75
TWh by 2030, resulting in an overall
demand for hydrogen and hydrogen
derivatives of 95-130 TWh in 2030, as
shown in Figure 112,

This aligns with predictions by the National
Hydrogen Council?’. However, different
studies predicting the demand for 2030
show a wide range of possible demand.
This reflects a high degree of uncertainty
regarding the actual offtake of hydrogen?.

Hydrogen Demand in 2023 and Projected Demand for Hydrogen and Hydrogen Derivatives in
Germany by 2030 According to the German Government.

UK-Germany Joint Feasibility Study on the Trade of Hydrogen
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Landscape: 2.5 Germany Context

In 2045, the German Government
anticipates a hydrogen demand of
360-500 TWh, with an additional 200
TWh for hydrogen derivatives 2°.
The National Hydrogen Council,

on the other hand, expects a
significantly higher demand, ranging
from 620-1288 TWh for both
hydrogen and hydrogen derivatives?
(see Figure 12).

Up to 2030, it is anticipated that the
steel industry, basic chemicals and
petrochemicals, mobility, logistics,
and the power sectors will be the
primary consumers of low-carbon
hydrogen and its derivatives.

1400
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According to the latest calculations by
the National Hydrogen Council, the
industry sector will have a demand
of 56- 82 TWh in 2030, making it the
largest source of demand.

This is followed by the transport

sector with a predicted demand of 33
TWh, 22 TWh of which are expected
to come from heavy-duty applications.

The heating sector is expected to
demand 5-10 TWh (see Figure 13)%,
although this is a highly contested
area of application of hydrogen, with
the German Government emphasising
the availability of alternative
approaches, as displayed.

Figure 12

Projected Demand for Hydrogen
and Hydrogen Derivatives in
Germany by 2045.

EMinimum = Maximum

Twh

30

20

10

Figure 13

Projected Demand for Hydrogen

and Hydrogen Derivatives in

Germany by Sector for 2030
According to the National
s

Hydrogen Council.

Industry Sector Transport Sector Heating Sector

EMinimum B Maximum
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Hence, demand predictions for the
heating sector must be regarded with
some caution.

In 2045, long-term scenarios from
the BMWK estimate industrial
hydrogen demand to be between
290- 440 TWh, while the annual
hydrogen demand in the conversion
sector (electricity and heating
networks) is projected to grow from
0 TWh in 2023 to around 80-100
TWh by 2045%.

The National Hydrogen Council
anticipates industrial demand to

be between 254-402 TWh in 2045,
which is closely aligned with
BMWK®S s
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However, in the power sector, the
National Hydrogen Council expects
a demand of 80-200 TWh and in
the heating sector a demand of
125-500 TWh.

For the transport sector they expect
demand numbers of 161-186 TWh,
a significant share of which is
predicted to come from the heavy-
duty (88 TWh) as well as aviation
sectors (60-85 TWh)?'.

As Figure 14 shows, hydrogen
demand is spread across Germany,
but industrial clusters exist.

. o

Hydrogen Withdrawals

at District Level in 2032

Absolute volumes at
district level in TWh

less than 0.1 TWh

more than 5 TWH

Regional Distribution of Hydrogen Withdrawals at District Level for the Year 2032%.

Industrial demand
in 2045

from 0.1 to under 0.5 TWh
from 0.5 to under 1 TWh
from 1 to under 5TWh

TWh
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Landscape: 2.5 Germany Context

The German
Government aims to
achieve a domestic
electrolyser capacity
of at least

10

by 2030

2.5.2 Low-Carbon Hydrogen
Production and Import

To address this demand, the German
Government aims to achieve a
domestic electrolyser capacity of at
least 10 GW by 2030%.

It also expects to become one of the
largest hydrogen importers globally
and in the EU (alongside Belgium
and the Netherlands).

According to its Import Strategy for
hydrogen and hydrogen derivatives,
which was released in July 2024 as
a key supplement to the hydrogen
strategy, Germany will rely on
imports for 50-70% (45-90 TWh) of
its hydrogen needs in 2030.

The primary infrastructure for
importing hydrogen and its derivatives
includes pipelines and ships.
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Figure 15
Hydrogen Core Network (FNB Gas, 2024).

Pipelines are specifically used for
transporting the hydrogen molecule,
while ships are intended for carrying
hydrogen derivatives. Furthermore,
the transportation of hydrogen
derivatives may also involve rail and
road systems.

This implies that Germany will rely
on a diverse set of countries as
hydrogen suppliers with its trade
relationships intended to be global.

Additionally, the strategy reiterates
the German approach of favouring
renewable hydrogen in the long-
term but first allowing the import of
other low-carbon forms of hydrogen,
including hydrogen produced via
fossil gas reforming with CCS,
methane pyrolysis with CCS,

and waste gasification, to ensure
sufficient quantities are available in
the short-term?*°.

Initially, the domestic distribution of
hydrogen will be secured through the
hydrogen core network (see Figure
15). This network will span 9,040

km and is to be built from 2025 and
completion is planned by 2032. The
financing framework through the
amortisation account secures any
delays in the development of the
core network until 2037.

It will consist of 60% repurposed
natural gas pipelines and 40% newly
built hydrogen pipelines. It will also
be connected to hydrogen storage
facilities. The network will be financed
primarily through grid fees, with initial
financing gaps being addressed by
an amortisation account.

This amortisation account is to be
balanced through user fees by 2055.

If the amortization account is not
balanced by 2055, for reasons
that cannot be foreseen today, a
subsidiary state guarantee will take
effect.
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By 2030,

Ger manyos
hydrogen

network will

link with
neighbouring

EU countries

through the EHB.

The German Government will then

make up the remaining shortfall and
the operators of the hydrogen core

network will contribute a deductible
of up to 24%.

In addition, the state will bear the
liability risk if one of the transmission
system operators becomes
insolvent®.,

Parts of the hydrogen core network

wi || be funded thr
Important Projects of Common
European Interest (IPCEI) hydrogen
programme (for more information on
this funding instrument, please refer

to the following subsection)®°.

The final network development

plan was approved by the Federal
Network Agency in October 2024.
The next step is now the
preparation of an integrated network
development plan for gas and
hydrogen (NEP Gas and Hydrogen),
which is to be published in 2025.

Baltic Sea

South-East

South-West

Figure 16

Potential German Hydrogen Import Corridors (dotted lines indicate

potential expansions) *.

Currently, the Federal Network
Agency (BNetzA) is developing
regulations regarding hydrogen
network charges, hydrogen
transport capacity products, and
hydrogen network balancing.

These provisions are aligned
with the requirements in the EU
Hydrogen and Decarbonised Gas
Market package and are now
sskjegt fo sqveyad corsyitatign
phases (BNetzA, 06.06.2024;
BNetzA 03.07.2024).

By 2030, Germanyods
network will link with neighbouring
EU countries through the EHB. This
is planned to encompass 32,616
km of pipelines by 2030, with 4,500
km set to come online in the initial
phase comprising 1,500 km of

new construction and 3,000 km of
repurposed pipelines.

The coordination
hydrogen network will be managed
by the Agency for the Cooperation
of Energy Regulators (ACER).
Germany is developing at least
five major pipeline-based import
corridors (see Figure 16):

The North Sea Region, the Baltic
Sea Region, South-East Europe,
South-West Europe, and

Southern Europe.

Fifteen interconnectors will be
critical to the hydrogen core
network and import terminals are
to be constructed on German
coasts by 2030 to facilitate imports
of hydrogen and most likely its
derivatives by ship.

Additionally, new onshore Liquefied
Natural Gas (LNG) terminals are
required to be hydrogen-ready to be
able to handle hydrogen derivatives
once they are no longer used for the
import of LNG*°,
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Landscape: 2.5 Germany Context

Through the Federal
Fund for Industry and
Climate Action, the
German Government
will issue

us3.

to companies in the
industry sector which
achieve emission
reductions of

40 %

by either electrifying
processes or by
replacing fossil fuels
with low-carbon
hydrogen.

2.5.3 Government Funding and
Financial Incentives for Low-
Carbon Hydrogen Projects

The German Government solely
provides direct financial support

for the production of renewable
hydrogen.

Until sufficient renewable hydrogen is
available, the German Government
will provide limited support to other
types, including hydrogen produced
via fossil gas reforming with CCS,
waste gasification, and methane
pyrolysis with CCS, with strict GHG
emission limits applying to the entire
value chain?.

The Federal Government has a
variety of funding instruments

(see Figure 17) to support and
promote the rapid market ramp-up

of hydrogen. At the national level,
financial incentives have been put in
place to support the development of
renewable hydrogen production.

To this end, the Government has
amended the Energy Industry Act

to exempt renewable hydrogen
production plants from electricity grid
fees for 20 years.

To be eligible, the electrolyser must
have been newly built after 31st
December 2008 and have been
commissioned within 18 years from
4th October 2011. This measure is to
be terminated by 2029.

Additionally, renewable hydrogen
production plants are exempted from
some additional levies, including the
so called StromNEV levy (issued

to enable the reduction of grid fees
for energy-intensive companies);
combined heat and power as well as
offshore levies (issued to support the
build-out of both technologies); and
the electricity tax.

These measures aim at increasing
the economic competitiveness of
renewable hydrogen compared to
other forms of hydrogen and thus
support its market ramp-up®2.

In an amendment to the Federal
Immission Control Act, the German
Government has also introduced
measures to simplify and thus speed
up the planning approval process for
electrolysers®.

In addition to these financial
incentives, numerous funding
programmes are available, which
cannot be outlined in this report for
reasons of conciseness.

Therefore, only the most prominent
will be mentioned. For a complete
list, please refer to the website on
funding programmes by the German
Government®,

Two major funding programmes, the
CCfD scheme and the Federal Fund
for Industry and Climate Action, are

aimed at encouraging the production
and uptake of low-carbon hydrogen

by the industry sector.

Through the Federal Fund for
Industry and Climate Action, the
German Government will issue
03.3 billion to
industry sector, which achieve
emission reductions of 40% by either
electrifying processes or by replacing
fossil fuels with low-carbon hydrogen.

The production of hydrogen can
receive funding if the produced
hydrogen is renewable and plays a
dominantroleinthec o mp a m&nd s
operational processes.

The funding starts
small and medium-sized enterprises
(SMEs) and at 01 mi
companies. The maximum funding

per company is 0200
The program was initiated in August
2024 and module 1, which is relevant

to financing projects involving low-
carbon hydrogen (module 2 applies

to CCS projects), is set to run until

the end of 2030 with yearly funding
round535363738.
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The CCfD scheme aims to support
heavy industry in reducing 350
MtCO2 emissions (i.e. 20 Mt per
year) until 2045.

The scheme is organised in the form
of auctions, where those companies
that can achieve the highest relative
emission reductions within the first
five years of receiving funding at
the lowest cost per tonne of CO2-
emissions reduced will receive a
15-year contract.

Feasibility studies

Applied research projects

Basic research projects

Demonstration projects

Hydrogen Technology and
innovation Roadmap

Companies who participated in the
preparatory process in the summer
of 2023 were able to apply for overall
U illion of funding over the summer
of 2024.

In October 2024, 15 recipients,
comprising heavy industry and SMEs
particularly from the glass, ceramic,
paper, pulp, and chemical sectors
were announced. Another bidding
round was initiated in July 2024

and companies were able to hand

in their applications until the end of
September 2024 304041,

Research and Boosting the

development demand side

International
cooperation

Funding of the
international
supply of H,and
derivatives

European Hydrogen Bank

EIB Green Hydrogen Fund

Funding guideline for international

hydrogen projects
PtX Development Fund

Climate policy sector guidelines

Figure 17

Hydrogen Acceleration Act

Hydrogen Storage Strategy

CCCEUIICI  EU Gas and Hydrogen Internal

sustainableimport Market Package
infrastructure

LNG Acceleration Act
Product

requirements
and

National Action for Climate-
Friendly Shiping

processes

Overview of Relevant Regulation and Support Mechanisms in Germany®.

Hydrogen core network

certification National Port Strategy
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Landscape: 2.5 Germany Context

Technological
innovation,
production, and
the application
of hydrogen

in different
sectors is further
encouraged
through the
Important
Projects of
Common
European

Interest (IPCEIS).

The use of renewable hydrogen in
the transport sector (either through
direct use in vehicles or in the
refinery process) is incentivised by
the 37th BImSchV through multiple
accounting, i.e. RFNBOs count

with a factor of three towards the
respectivec 0 mp a GiGigsota and
GHG quota certificates are issued
accordingly.

Since these GHGquota certificates
are tradable, this multiple accounting
is likely to increase demand for
renewable hydrogen by the transport
sector, thus incentivising the
production of the required renewable
hydrogen.

While state aid/funding is not

used directly here, the regulation
guarantees the availability of indirect
aid, which can be influenced by

the state (for example by adjusting
the crediting factor or introducing
minimum quotas for the use of
hydrogen to achieve the GHG savings
targets).

Technological innovation, production,
and the application of hydrogen in
different sectors is further encouraged
through the Important Projects of
Common European Interest (IPCEIS).
IPCElIs are embedded within the

E U &tate aid law and allow member
states to provide state aid to projects
that support economic growth, the
creation of jobs, the green and digital
transition, and competitiveness in the
EU without violating EU competition
policy*2.

So far, the European Commission has
approved four IPCEIs encompassing
90 companies from 16 member states
including Norway. The total state

aid provided in the context of these
projects amounts

The German Government provides
state aid under the following IPCElIs:

I Hy2Tech which encompasses 41
projects receiving U 5 bilion from
15 member states. Four German
companies are involved in this
and receive state aid support.

Hy2Infra which encompasses
33 projects receiving U 4 bilion
from seven member states. 23
German companies are involved
and receive state aid support.

Hy2Move which encompasses
13 projects receiving U 1 bikion
from seven member states. Three
German companies are involved
and receive state aid support*® 44,

As Germany is highly reliant on
international hydrogen imports,

the German Government has also
developed a number of funding
programmes to support international
hydrogen production.

The best known of these programmes
is H2Global, a two-sided auction
mechanism with an intermediary [45]
that facilitates contracts between
sellers and buyers by buying
hydrogen products at higher prices
and selling them at lower prices to
stimulate demand.

The price difference is covered by
public funds or potentially by climate
funds or private capital®.

The pilot auction was divided into
three categories: renewable ammonia
(Lot 1), renewable methanol (Lot 2),
and electro-sustainable aviation fuel
(e-SAF) (Lot 3).

In July 2024, the first contract for
renewable ammonia (Lot 1) was
awarded after attracting interest from

oyer 05 £quntrgs. QU qf 32 pigders
in the qualificafion phase,
five advanced to negotiations.

The producer must adhere to
sustainability requirements, including
EU standards for hydrogen.
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Fertiglobe, the largest nitrogen
fertiliser producer in the Middle East
and North Africa (MENA) region,
emerged as the successful bidder
with a contract
tonne, broken down as follows: 81%
product price, 9% transport charges,
7% logistics, and 3% import duties.

The net product priceis U 8 1pér
tonne of renewable ammonia.
Fertiglobe will commence production
of renewable ammonia in Egypt for
European ports in 2027.

The renewable ammonia will be
transported to storage tanks at the
nearest Egyptian port using an
existing 7 km pipeline.

From there, it will be shipped to the
Port of Rotterdam. With this contract,
Europe has secured a significant
renewable ammonia supply, starting
at 19,500 tonnes in 2027, with
potential growth to 397,000 tonnes
by 2033. The subsidy amount to be
paid will depend on the upcoming
sale auctions.

The auction for e-SAF (Lot 3)
concluded without awarding a
contract. Although three companies
qualified in the qualification phase,
only one submitted an indicative bid.

The other two refrained due to
complexities in the regulatory

framework for GHG accounting
in e-SAF production as well as
the contractds

a new e-SAF plant.

Consequently, the third bidder did not
submit a final offer. The results of the
auction for renewable methanol (Lot

2) are expected in 2025%.

To enhance the ramp-up of the
global hydrogen market, the
German Government welcomes
the involvement of other countries
in H2Global®*® and is committed to
joint auctions.

p rhiydcogen or fts déritatives®.0

S ma
duration, which did not align with the
investment and development time for

In November 2023, plans were
unveiled by the German and Dutch
Governments to conduct a joint
auction for importing renewable

per
However, no updates have been
released since.

In March 2024, a bilateral auction
window between Germany and
Canada was agreed upon*’.

Consultations between National
Resources Canada and the

BMWK have been finalised. Now,

a notification process with the EU
Commission is in progress to ensure
that the auction window is in line with
EU state aid rules.

Auctions are expected to commence
in 2025. In September 2024,
Germany and Australia also signed
a joint declaration of intent to
negotiate a bilateral H2Global auction
window, aiming to connect European
buyers with Australian producers

of renewable hydrogen and its
derivatives*. Negotiations on this

are ongoing.

Other funding programmes to
support international production
include the PtX Development Fund
(available for projects in developing
and emerging countries)®.

% H2Giokal

Shaping the

global energy meslloze 2
transition.

What we do

To enhance the
ramp -up of the
global hydrogen
market, the
German
Government
welcomes

the involvement
of other countries
in H2Global
is committed
joint auctions.

to

and

UK-Germany Joint Feasibility Study on the Trade of Hydrogen

47



Landscape: 2.6 German Industry Engagement

2.5.4 Initiatives and Regulations
under Development

To further stimulate the hydrogen
market, the BMWK is working on
several measures, including the
publication of a hydrogen storage
strategy and the development

of common or internationally
recognised certifications with
minimum standards for
hydrogen imports®.

The German approach will be
based on the requirements for
low-carbon hydrogen production
defined by the EU.

For renewable hydrogen, these
can be found in the EU Renewable
Energy Directive (RED) Il and

the associated delegated acts
(additionality, temporal and
geographical correlation).

For low-carbon hydrogen (excluding
renewable hydrogen in the EU
context), these can be found in the
EU Hydrogen and Decarbonised
Gas Market package. Since the
delegated act for the gas market
package is still under development,
details on the certification of low-
carbon hydrogen are still pending
(for more details see Appendix
C.1.3.6).

Environmental and sustainability
criteria such as the avoidance of
water scarcity, competition for use,
pollution, and competition for land
as well as the protection of human
rights in the supply chains are also
crucial for Germany.

Additionally, the German Cabinet is

working on the adoption of a new

law, the Hydrogen Acceleration Act
(AWasserstoffbeschl euni
intended to streamline, digitalise,

and thus accelerate planning

approval processes for renewable

hydrogen projects®.
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2.6 German Industry Engagement

To gain a deeper understanding of the realities
of the ramp-up of the hydrogen market as well
as existing hurdles and the resulting need for
action by the Government in Germany, 14
interviews were conducted between August and
October 2024 with various mid-streamers and
offtakers from the transport, chemical, steel,
and paper sectors.

2.6.1 National policy landscape
Considering the developments at the national
level, the interviewees largely regarded the
hydrogen demand projections by the National
Hydrogen Council for 2030 (94-125 TWh) and
2035 (233-284 TWh) as realistic.

However, it was stressed that this will be
highly dependent on the swift implementation
of relevant regulation at both the EU and
national levels as well as on the necessary
production capacities and import infrastructure
being developed.

The question of whether the demand forecasts
will actually materialise was therefore
considered to depend more on sufficient supply
than on possible lower demand.

Overall, companies were careful in passing
their judgement but only a few regarded the
projected demand numbers as unrealistic.

In this case, the numbers were regarded as too
optimistic, only one interviewee regarded the
numbers as being too conservative.

However, several companies cautioned that the
numbers can only be seen as guidelines and
that the possibility of distortions must be taken
into account.

For instance, offtakers may declare maximum
needs to secure sufficient supplies.

No judgements could be passed on the
numbers for 2040 and beyond, as the
uncertainties attached to these were
considered as being too high.

There was considerable disagreement as

to which sector can be expected to become
the first major offtaker of low-carbon hydrogen
in Germany.

The steel sector was usually identified as being
among the first movers (either first or second)
due to its high share of hard-to-abate emissions,
where there is no alternative to the use of
low-carbon hydrogen to reach the required
decarbonisation goals, and the comparatively
high level of financial support provided by the
German Government for that reason.

The transport sector was also named as an
early or first offtaker, especially due to the GHG
guota (see Section 2.5.3). Within the transport
sector, heavy-duty and aviation were named as
the main expected offtakers.

With regards to the application in the maritime
sector, the interviewees were less certain.

In the heavy-duty transport sub-sector,
interviewees explained that a smaller price
gap between conventional fuels and hydrogen
results in a higher willingness to pay and
therefore earlier uptake.

However, the availability of hydrogen trucks and
buses may constitute a bottleneck.

Additionally, refineries were identified as earlier
offtakers, yet several interviewees did not
mention refineries at all.

This may however also be due to refineries
using hydrogen today already, so that they were
not considered anymore as future offtakers.

The RED llI provisions were identified as driving
uptake by refineries. Several interviewees
agreed that hydrogen would only play a
subordinate role in the heating sector.

The first offtake of low-carbon hydrogen was
generally expected to be between 2027 and
2028. Earlier offtake was assumed to be unlikely
due to the need to construct the necessary
infrastructure and projects.

Moreover, the commencement of first projects
falls within this timeframe. Yet, several
challenges and, accordingly, several required
action steps by the German Government were
identified as crucial for enabling uptake by 2027.

Three issues emerged as particularly important:
storage, prices, and certification.
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Landscape: 2.6 German Industry Engagement

Specifically, it was noted that the
funding instrument is very complex
and therefore difficult to understand,
the calculation formula very strict
with no funding allowed under the
contracts if companies start repaying
earlier (either due to calculation
errors or a change in production
processes), and the funding period
too short as companies do not
believe they will be competitive
after the available 15 years without

2.6.2 Hydrogen storage
According to the interviewees,
hydrogen storage has not

yet received the necessary
attention in the German debate
and policymaking. Although a
storage strategy is currently in
development, many interviewees
emphasised the importance of

accelerating the process. This funding.

is because on the one hand Furthermore, interview partners

regulatory certainty is required suggested adapting the CCfD

and, on the other hand, storage scheme by making it sector-specific

site development takes several and opening it up to QII parts qf the

years while the availability of h){drogen supply chain, including to

storage facilities will be crucial mid-st reamer s, as we 1 a
to the flexibility of the emerging hydrogen (produced via fossil gas

hydrogen market. reforming with CCS) instead of only

to renewable hydrogen.

In general, a more sector-
specific approach to funding was
propagated, also with regard to
H2Global auctions. For instance,
representatives from the logistics

2.6.3 Funding mechanisms sector criticised that the discussion of
A second often repeated challenge and (lack of) funding for the transport
is that prices for low-carbon sector ignored the differentiated
hydrogen remain high and, needs and technological possibilities
importantly, much higher than within the transport sector. Some
expected a few years ago. vehicles in the logistics sector need
Therefore, the interviewed to operate around the clock and
companies called for more funding cannot be electrified.

and subsidies to be issued by the However, as electrification is the
German Government as well as preferred choice for the transport

a shift towards a more realistic sector more broadly, this special
discussion on the prices thatcanbe  need has not received the required
expected in the short-term. attention or funding thus far.

In terms of funding, several interview Moreover, interviewees stressed

partners criticised the CCfD scheme  the need for funding and the

as O0too compl i cat edkfective application procedures to
be simplified, especially to ensure
that it is accessible to SMEs with
fewer resources. Lastly, it was
requested that CAPEX funding be
supplemented by OPEX funding.
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2.6.4 Hydrogen certification
Establishing a clear and transparent
approach to certification emerged as
a third issue of central importance.
While some companies criticised
the EU approach outlined in RED

Il as too stringent, especially in the
ramp-up phase, the overarching
narrative was that certainty
regarding standards and certification
procedures, including who will do the
certification, is the most important
next step, irrespective of the exact
requirements.

Beyond these three key issues, two further
challenges and corresponding action items
were identified.

First, the interviewees criticised the lack of
long-term certainty and explained that there
was too little regulation beyond 2030.

Moreover, they added that both the EU and
Germany developed regulation too slowly
and that Germany needed to accelerate
the transposition of EU regulation into
German law, especially RED IIl and the EU
Hydrogen and Decarbonised Gas Market
package.

To further increase certainty at the national
level, instruments such as a green gas
quota were suggested as well as provisions
to ensure that the ramp-up remains
unaffected by a change in Government.

However, it was also recognised that
Germany has made significant progress
in the past year with the passing of the
regulation on the hydrogen core network.

With this, Germany was regarded as
being ahead of other EU countries and
the planning was praised for its speed,
especially considering that the network is
unprecedented in scale and complexity.

Companies also acknowledged that the
BNetzA is now in the process of addressing
balancing and capacity allocation within the
network.

While the planning of the hydrogen core
network was generally recognised as a
great success, there was also a consensus
that other infrastructure projects must now
be given greater attention.

This includes distribution networks,
ammonia infrastructure, import terminals,
and rail transport.

The latter is especially relevant to offtakers
who need pure hydrogen, which cannot
be transported via pipeline (without post-
transportation treatment, which would
increase costs).
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Landscape: 2.6 German Industry Engagement

2.6.6 Company-level
considerations

Moving away from national level
discussions, the interviews also
provided insights into plans and
considerations at the company level.

Here, no statements could be made
regarding the anticipated quantities
of low-carbon hydrogen that

would either be distributed by mid-
streamers or purchased by offtakers.

This will be highly dependent on the
regulation being implemented swiftly,
the price of low-carbon hydrogen,
the willingness to pay, and the
availability of funding as well as the
infrastructure being developed and
the network connection including

for distribution system operators
being ensured.

Both renewable and 6 b | hydeogen
(produced via fossil gas reforming
with CCS) are expected to be
purchased, with mid-streamers
answering requests by offtakers.

However, most companies
expressed a preference for
renewable hydrogen, also for
environmental reasons but
especially to comply with regulatory
requirements (GHG quota in the
transport sector, quota in the aviation
sector, funding requirements, etc.).

Interestingly, several companies

did notregard 6 b | hydeogen as a
bridging technology but rather as an
additional source of supply expected
to be taken up after renewable
hydrogen has seen some offtake.

This is because the companies

A similar narrative emerged
regarding hydrogen and its
derivatives. Both are expected to
play a role in the German hydrogen
market, with mid-streamers again
providing according to the needs and
requests by the offtakers.

Derivatives were regarded as
especially interesting in terms of
transport. Here ammonia was seen
as the most promising transport
vector, as there is an existing
infrastructure (e.g. containers

for ship transport) and extensive
experience in handling it.

Moreover, it was mentioned that
focusing on ammonia, as several
producers are already indicating to
do, would create greater flexibility
regarding the target market.

This is because ammonia enters
the liquid state at -33°C already (as
opposed to hydrogen, which enters
the liquid state at -230°C) and thus
can be transported in liquid form
via all modes of transport (ship,
train, truck, and pipeline) across
diverse distances and geographical
conditions.

This acts as a risk mitigation strategy
for producers, which may make

up for potential additional costs
associated with ammonia cracking

if the desired product is hydrogen
instead of ammonia.

However, even though ammonia
infrastructure is already in place, it
will need to be expanded significantly
if ammonia indeed emerges as the
main transport vector, and public

intervi ewed did n odScodrsepnierventions maybe o

hydrogen to be (significantly)
cheaper than renewable hydrogen
while being less useful for fulfilling
regulatory requirements.

In the end, companies stressed that
the price will be decisive as well as
the need to comply with existing
regulations.

necessary, as ammonia is seen
critically due to its toxicity.

Both mid-streamers and offtakers
were open to imports, with the
price being named as the decisive
criterium.
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Some consideration is given to the
reliability of the production country
more broadly and the producer
specifically (risk assessment) as
well as to social and environmental
issues, including human rights
and water availability, but this is
secondary if relevant at all.

In terms of EU versus non-EU
imports, both were regarded as
possible, with imports from non-

EU countries potentially being

more complex to set up initially.
Importantly, the alignment of
certification schemes was seen as
the decisive step, which is expected
to reduce if not eliminate the
difference in complexity between EU
and non-EU countries.

In terms of contracts, mid-streamers
seek to create a diversified portfolio
encompassing both short and
long-term contracts with offtakers.
However, in the ramp-up phase,
short-term contracts will dominate.

Current contract lengths under
discussion range from one to five
years. Contracts with suppliers, on
the other hand, will be long-term,
ranging between ten to twenty
years, with the majority being at the
higher end of the spectrum, as most
projects still need to be constructed.

The successful bidder in the
H2Global pilot auction on ammonia,
Fertiglobe, was able to offer a supply
contract of seven years, which
interview respondents explained with
the already existing ammonia plant
and export terminal.

Importantly, mid-streamers agreed
that they would only enter into
purchase agreements if there was
secured offtake, at least during the
ramp-up phase.

Later, an open market is expected
to emerge, which is also one of the
reasons storage was identified as
an important issue to be tackled in a
timely manner.

2.6.7 Conclusion

Overall, it became apparent that
predictions regarding demand
guantities and sectors are difficult
to make.

However, it also became clear that a
great willingness and desire exists to
kick-start and ramp-up the hydrogen
market in Germany.

Companies value the steps the
German Government has taken

so far, particularly regarding the
planning of the onshore hydrogen
core network and would now like
to see greater flexibility in existing
measures as well as an expansion
of funding and regulation to provide
greater clarity along the hydrogen
value chain.

Key issues for meeting the offtake
targets in 2030 will be regulatory
clarity on hydrogen storage (here
the planned storage strategy will

be a crucial step forward), an
expansion and increased flexibility
of existing funding mechanisms
such as the CCfD scheme as well
as new funding opportunities, and
the clarification of
Ge r ma approach to certification.

With 2030 approaching quickly,
an emphasis was put on the need
for the swift implementation of
these matters.

Additional future stakeholder
engagement will be required,
particularly with offtakers, producers,
and transport operators in the early
stages leading into the initiation of an
interconnector project to understand
the needs case for trading low-
carbon hydrogen between the UK
and Germany.
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Delivery
Enablers

Five enablers have been identified
as fundamental requirements
to enable the trade of hydrogen
between the two markets.

These span across the themes

of regulation, business models
and commercial arrangements to
support the delivery of ahydrogen
interconnector  project.

The breadth of these actions
reflect that, unlike existing
electricity and natural gas
interconnectors, ahydrogen
interconnector  project would
require connecting two markets
that are still in early development.
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Delivery Enablers: 3.1 The hydrogen value chain

3.1 The hydrogen value chain
The hydrogen value chain spans
from production to the offtakers,
with onshore and offshore networks
critical to enable the future flow of
hydrogen between the UK

and Germany.

For the purposes of this study, the
boundary of the interconnector asset
only includes the interconnector
pipeline and the associated onshore
terminals, including compression
facilities, if required.

The utilisation of the interconnector
is dependent on the wider value
chain incorporating hydrogen
production, onshore networks in the
respective countries and securing
offtaker(s) for the duration of the
assetods | ife in

This section makes an underlying
assumption that the initial

flow of hydrogen through the
interconnector will be in one
direction (UK to Germany) and that
the interconnector is built directly
between the GB onshore network
and the German hydrogen core
network (including AquaDuctus
1lor2).

These enablers will not preclude the
future bi-directional flow of hydrogen
through the interconnector.

Further, the enablers would be
extended if the interconnector
was built between the GB
onshore system and another part
of continental Europe, e.g., the
Netherlands or Belgium, to reflect
the additional actions and action
owners required.

Hydrogen flows

Figure 18
Hydrogen value chain.

Fi

Given the nascent state of the
hydrogen market, each element

of the value chain is likely to be
developed in in stages and, subject
to how the market develops, are
likely to grow in scale over the
2030/2040s.

As discussed in Section 2, the
development of the UK hydrogen
production landscape, driven

by the renewable potential and
development of the electricity
network, is encouraging a breadth of
projects to be developed across GB.

Almost all the projects receiving, or
shortlisted for, government funding
have the offtaker and production
co-located with either short pipelines
or tube trailers for the hydrogen
tgpgspogtation golution.

In parallel, government policy is
currently under development to
determine the potential size and
coverage of a GB onshore hydrogen
network to connect these production
projects with wider domestic
demand.

This is expected to be captured as
part of the wider strategic energy
planning to be undertaken by the GB
National Energy System Operator
(NESO). Given the potential breadth
of projects, the onshore network will
be critical to connect production with
the interconnector.

Similarly, in Germany the core
network will be critical for
transporting the hydrogen to several
offtakers as the main offtakers will
be spread across several regions in
Germany (see Section 2.5.1).

Hydrogen Onshore network Interconnector Onshore network
Producer(s)

The interconnector
will be reliant on
the delivery of the
wider hydrogen
value chain,
including the
onshore networks.

Offtaker(s)
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It is assumed that the domestic
production of hydrogen will take
place primarily in northern Germany,
meaning that the hydrogen will have
to be transported over long distances
to the customer centres in western
and southern Germany.

Similarly, the hydrogen storage
potential in salt caverns is mainly
located in northern Germany.

Taking into consideration the whole
hydrogen value chain, this study has
considered the delivery enablers
across business models, commercial
arrangements and regulation

that would be required to support
the development of a hydrogen
interconnector between the UK and
Germany and has identified the
following five key enablers:

Enabler 1:

I Develop the requirements to
have the ability to technically
trade the hydrogen molecule

The following section provides an
overview of the enablers and further
details are provided in Appendix

A: Business Models, Appendix B:
Commercial Arrangements, and
Appendix C: Regulatory Analysis.

Enabler 2:

I Enable commercial trade of the hydrogen
molecule between the two markets with
no/minimal friction between markets

Enabler 3:
i Develop an interconnector business model

Enabler 4:
i Develop the regulatory framework
for the interconnector

Enabler 5:
i Align the delivery of the wider
hydrogen value chain

UK-GermanyJointFeasibility Studyon the Tradeof Hydrogen

57



Delivery Enablers: 3.1 The hydrogen value chain

Delivering historic interconnections

There are several interconnectors between
the UK and continental Europe/Germany.
Of the natural gas interconnectors,
Interconnector UK, connecting UK to
Belgium was commissioned in 1998 and
Balgzand Bacton Line (BBL) connecting
the UK to the Netherlands was
commissioned in 2006.

The first electricity interconnector between
the UK and continental Europe was
commissioned in 1986 (Interconnexion
France-Angleterre (IFA) between Sellindge
(GB) and Les Mandarins (France)) and the
first electricity interconnectors between
the UK and Germany are expected to be
operational by 2028 (NeuConnect) and
followed by Tarchon in late 2030; these
interconnectors are presented in the Figure
19 below.

All of these interconnectors have been
developed in the context of the mature
natural gas and electricity markets with
understood market prices, the operation of
multiple generators/producers and offtakers,
expansive onshore networks and well-
developed policy and regulatory frameworks.

As a result, the interconnector developer
was then simply able to focus on ensuring
that their project is developed in line

with the existing technical and economic
regulatory frameworks; for the most recent
electricity interconnectors this has included
working with the respective regulators to
secure business model funding for the
interconnector infrastructure.

Conversely, with respect to the potential
UK-Germany hydrogen interconnector
explored in this study, the hydrogen market
in the respective countries is immature, the
domestic policy and regulatory frameworks
in both countries are still under development,
there are no cross-border hydrogen market
arrangements and the onshore networks

at both ends are currently localised and
driven by project need rather than expansive
networks.

Therefore, in comparison to previously

developed interconnectors, a wider breadth

of actions is required to support a first of a

kind hydrogen interconnector in a nascent

market reflecting that the frameworks

for the hydrogen markets need to be
developed in parallel to the

A

<  Terminal

Electricity

NeuConnect*

Tarchon*

Interconnector UK

Esri, TomTom, Garmin, FAO, NOAA, USGS
*Geometry is illustrative

Balgzand Bacton Line

interconnector itself.

Figure 19

Current UK & Europe natural
gas interconnectors and in
Kiomolers development UK & Germany
electricity interconnectors.

Table 5
Role of enablers in delivering historic interconnectors.
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Delivery Enablers: 3.2 Delivering the enablers

3.2 Delivering the enablers
Given that the hydrogen markets
are in their infancy in the UK and
Germany and the range of actions
that need to be delivered to support
the development of a hydrogen
interconnector, the identified delivery
enablers are to be implemented in
two phases.

This recognises the market
uncertainty and where project
developers will need sufficient
clarity to confidently engage
within the process.

Publication of
this study
L

Initial demand and production

Whilst these actions will be delivered
by a range of parties, at the end of
each phase, there are government
led project gates to review the needs
case of the interconnector before
progressing to the next phase of
delivery. Further, phase 1 delivery
of the enablers should commence
following the publication of this study.

Outside of the identified delivery
enablers will be a wider range of
actions that will need to be delivered
to support the development of the
respective domestic hydrogen
markets in the UK and Germany,
for example allocation of production
business model funding and
development of onshore networks.

view position
[ |

Enabler 1: Develop the requirements to have the
ability to technically trade the hydrogen

Enabler 2: Enable commercial trade of the hydrogen
molecule between the two markets with no/minimal friction between markets.

Enabler 3: Develop an
interconnector business model

Enabler 4: Develop the regulatory framework
for the interconnector

Phase 1 Delivery Enablers

Figure 20
Delivery enablers sequencing.

Enabler 5: Align the delivery of
the wider hydrogen value chain

Interconnector Needs Case; project

progresses to planning phase
L]

Phase 2 Delivery Enablers
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Delivery Enablers: 3.3 UK-Germany Hydrogen Partnership

The first area of focus for the delivery
enablers, alongside developing
theUKand Ge r ma regpéctive
domestic hydrogen markets including
onshore networks, is convening

the market to bring together
offtakers and producers to establish
commercially viable hydrogen
offtake agreements, as this will
fundamentally underpin the business
case of the interconnector.

For offtakers and producers to
proactively engage in the process,
they will need to have confidence
in the ability to trade and therefore
in parallel there will be a need to
develop the technical regulations
to have the ability to trade the
hydrogen molecule.

This effectively means ensuring that
the hydrogen molecule produced in
the UK is technically acceptable in
Germany and vice versa.

This is achieved through
understanding the alignment of low
carbon hydrogen standards and
respective certification schemes.

By the end of phase 1, there should
be an initial view on the viable
demand and production positions
and whether this is sufficient to
explore the needs case of an
interconnector further.

Phase 2 will see the continuation of
the development of the regulatory
framework and convening of the
market but will also see an expansion
to consider the development of an
interconnector business model and
the alignment of the wider hydrogen
value chain.

By having an initial view at the end of
phase 1 on the viable demand and
production positions, the technical
feasibility for the pipeline can be
progressed to identify proposed
routing, sizing, and associated costs.

This will allow for an assessment

of the barriers and risks to the
interconnector development to inform
whether a business model is required
and how this is to be structured,
funded and implemented.

Similarly, as identified within Figure
18, the interconnector is one element
of the required network infrastructure
and therefore parallel delivery of the
respective onshore networks will

be required.

This means there will be a need

in the second phase to align the
delivery of the respective networks
to ensure that the hydrogen can be
transported from the producer to
the offtaker in line with the timelines
agreed in the offtaker agreements.

The end of phase 2, effectively
acts as a project delivery gate such
that if there is sufficient evidence
to underpin the needs case, the
interconnector development would
progress into the planning phase,
undertaking pre-FEED and FEED.

3.3 UK-Germany

Hydrogen Partnership

In September 2023, Germany and
the UK launched the UK-Germany
Hydrogen Partnership to deepen
their collaboration in the hydrogen
sector between the countries.

The partnership6s
accelerate the growth of the
hydrogen economy, foster regional
and global hydrogen markets, and
enhance research, innovation, and
investment opportunities in both
countries.

To this end, the partnership has
already hosted numerous policy
and knowledge exchanges covering
topics such as national hydrogen
strategies, hydrogen production
and transportation, and

standards and certification.

The UK-Germany

Hydrogen

Partnership’ goals
are to accelerate
the growth of
the hydrogen
economy, foster
regional and

global hydrogen
markets, and

enhance
research,
innovation,
investment

opportunities

both countries.

and

in

goal s

ar

e
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In May 2024, Arup published a
study commissioned by DESNZ,
060The potenti al
hydrogen from the UK to continental
Europe 4 studyo

This study explored the strategic,
technical, and economic factors of
different transportation methods
for hydrogen export from the UK to
continental Europe.

The study aimed to build the
evidence base on hydrogen export to
continental Europe to inform decision
making and was split into three main
areas:

T Setting out the UK opportunity
with regards to hydrogen export.

T A pre-feasibility assessment
of potential export routes
for hydrogen from the UK,
considering pipeline and non-
pipeline transportation methods.

I A UK-specific levelised cost
of transport (LCOT) model.

The study found that pipeline
transportation provides a more cost

f o r corepetitive solutiom \yhen compared

to other transportation methods, at
the lowest throughput (100 ktpa) up
to ~400km and is significantly more
cost effective for distances less than
2,000km at the largest throughput
flowrates of 1,500ktpa.

This led to a key recommended next
step to carry out engagement with a
number of European counterparts,
including Germany, to collaborate on
a potential hydrogen export/import
infrastructure project.

This study laid the basis of
understanding for DESNZ and
BMWK to commission this joint
feasibility study under the UK-
Germany Hydrogen Partnership.

This report recommends that the
UK-Germany Hydrogen Partnership
should have overarching governance
for the delivery enablers, including
considering how these actions
should be delivered and by

whom, and then track progress
during delivery.

A 2024 study
exploring the
potential for
exporting
hydrogen

from the UK
to continental
Europe found
that pipeline
transportation
provides amore
cost competitive
solution, when
compared

to other
transportation
methods.

g
<
3
=
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o
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Delivery Enablers: 3.4 Enabler 1

3.4 Enabler 1:

Develop the requirements to
have the ability to technically
trade the hydrogen molecule.

Proposed actions under this enabler:

1.1 The UK and German Governments to work together to align hydrogen emissions
standards and respective hydrogen certification schemes where appropriate, working with
the relevant authorities, including the European Commission, that hold responsibility for the
establishment and implementation of the standards and certification schemes.

1.2 The UK and German Governments, or respective technical authorities, to work together
to develop the technical operational requirements (including, for example, inlet pressures)
associated with the flow of hydrogen between the two future networks.

3.4.1 Near term alignment of standards
To support the development of the
hydrogen market and meet net zero
requirements, both the UK and Germany
(via the European Union) are developing
technical standards associated with

how to measure the carbon emissions
of the produced hydrogen and the
accompanying certification of hydrogen.

How these regulations are currently
developing is detailed within
Appendix C.

To enable the physical trade of the
hydrogen molecule between the UK
and Germany, the hydrogen produced
in the UK, which is required to meet
the U K &eshnical requirements, needs
to be considered as acceptable for
consumption by an offtaker in Germany,
as defined by German and

EU regulations.

Misalignment of the standards could
create additional regulatory burden

on producers and offtakers or act as a
barrier to trade as the costs associated
with reducing the carbon content and/

or increasing the quality of the hydrogen
to meet requirements could make the
hydrogen uncompetitive compared

to alternatives.

Whilst the UK Low Carbon Hydrogen
Standard and the EU Commission GHG
assessment methodology for renewable
hydrogen are already in place, the

EU Commission GHG assessment
methodology for CCS-enabled
hydrogen is expected to be finalised

in August 2025.

Once this methodology has been
finalised, this study recommends that
the UK and German Governments work
together to align the standards for carbon
content level and the methodology for
determining the carbon content where
appropriate, working with the institutions,
including the European Commission, to
remove friction in the trading of hydrogen
between the UK and Germany.

This alignment could be through

either having the same standards or
recognising the standards accepted by
the other country as compliant with their
own regulations.
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3.4.2 Operational alignment of
the interconnector requirements
For hydrogen to flow through the
interconnector, technical standards
will be required to ensure that this
is undertaken in a safe manner.

This requires technical alignment
across the UK onshore network,
the subsea interconnector
pipeline and German onshore
network components of the
interconnector system.

This study assumes that hydrogen
will be transported through the
interconnector system from a UK
east coast landfall location via an
offshore pipeline (in the base case
via the AquaDuctus offshore pipeline
system) to a German coast landfall
location for onwards transmission to
the German core network.

To ensure that the hydrogen

can physically flow through

the interconnector system, the
operational parameters need to be
compatible, specifically the pressures
and flow rates across all parts of the
interconnector system.

For this to be possible, an inlet
specification will need to be agreed
with all interested parties for all
operational conditions to ensure that
flow is possible under the anticipated
range of operational scenarios
across the wider system.

This may require additional
conditioning, either compression or
pressure control systems, to ensure
compatibility can be maintained
under variable operational conditions.

Ongoing liaison between the parties
responsible for each component of
the interconnector system during the
design phases will be essential to
ensure the operational requirements
and constraints are understood and
the required control systems and
safeguards are designed to ensure
the operability, safety and integrity of
the whole system.

Therefore, this study recommends
that the UK and German
Governments, or the mechanism
identified under Enabler 4, determine
the requirement for any alignment
between the national regulatory
authorities and coordinate with the
respective system component design
teams for the selected routing to
develop and agree the technical
operational requirements to ensure
all parties are working to a

common basis.

The requirements of all interested

parties will need to be understood

and managed to reach a common

set of operating parameters that all
parties will adhere to.

This will ensure technical
compatibility between the two future
networks in the UK and Germany to
allow hydrogen to flow.

5
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Delivery Enablers: 3.5 Enabler 2

3.5 Enabler 2:

Enable commercial trade of the
hydrogen molecule between the

two markets with no/minimal
friction between markets.

-
| T

Proposed actions under this enabler:

2.1 The UK and German Government to explore how to facilitate market arrangements

between the UK and German hydrogen markets and engage with potential project

developers.

2.2 The UK Government to undertake an assessment of the potential production export
capability, specifically capacity, location, quality, and timing, in the UK market.

2.3 In parallel to action 2.2, the German Government to undertake an assessment of
the potential offtaker requirements in terms of load requirements, timing, location, price
sensitivity, and quality in Germany.

2.4 The UK and German Governments, separately or together, to consider whether
financial support mechanisms may be required to ensure the commercial viability of future
hydrogen trade, specifically production or offtakers, in compliance with WTO rules.

As discussed in Section 2, the UK
and Germany are developing their
own domestic hydrogen markets.

Currently, the low carbon hydrogen
market has limited liquidity and
trading when compared to the
existing natural gas market. T

o date projects have generally

been developed either on a local

or regional scale between specific
producers and offtakers with project-
only transportation solutions (i.e.
tube trailer or short pipelines);
similarly, some smaller hydrogen
production projects have been co-
located with their research activities.

This has meant that first of a kind
producers have typically developed
their production capacity based on
the needs of their confirmed offtaker
and, whilst in some cases, projects
have expansion plans, they have
not overbuilt their production
capacity in anticipation of future
offtaker demand.

Further, in the UK, to date, all of
these projects have been supported
by the NZHF providing business
model support; the first rounds of
projects (HAR1) having received
funding confirmation in Autumn
2024 are expected to make financial
investment decisions shortly.
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The business case of the
interconnector will need to be
underpinned by sufficient offtake
agreements between producers and
offtakers so that the interconnector
is sufficiently utilised to recover

the interconnectord e v e | o p e r 6asd quantity of hydrogen that

investment.

As a result, a key requirement to
progress the development of an
interconnector is an assessment

of the potential production export
capability, specifically capacity,
location, hydrogen quality and timing,

in the UK market.

From the German perspective, it
will be necessary to understand the
potential offtaker requirements in
terms of load requirements, timing,
location and quality in Germany.

Hydrogen

Producer(s)

Drivers of hydrogen
production costs:

- Technical factors
including facility size
and load factor

- Development and
construction costs

- Operational costs,
specifically input
prices inc. electricity
prices

Onshore network

Drivers of onshore
network costs:

- Technical parameters
(inc. capacity, length)

- Proportion of new
build vs repurposed
network

- Development and
construction costs

- Operating strategy
- Supply chain
- Input prices

For the assessment to provide a
level of certainty of the potential
interconnector flows, both producers
and offtakers will need to understand
the range of the potential hydrogen
prices, volumes, supply durations

could be agreed within the offtake
agreements.

As reflected in Figure 21, there are
factors that will influence costs and
volumes across production and
infrastructure assets as well as the
offtakers willingness to accept the
hydrogen price.

Infrastructure assets

The business
case of the
interconnector
will need to be
underpinned by
sufficient  offtaker
agreements
between
producers and
offtakers.

Offtaker(s)

Figure 21

Interconnector —>EOJg]alelf=Nal= 1\ /e] 13
Drivers of Drivers of onshore
interconnector network costs:
costs:

- Technical parameters
(inc. capacity, length)

- Development and
construction costs

- Operating strategy
and costs

- Supply chain
- Input prices

Factors influencing the hydrogen value chain costs and prices
(excluding taxes and policy support).

- Technical parameters
(inc. capacity, length)
- Proportion of new

build vs repurposed
network

- Development and
construction costs

- Operating strategy
- Supply chain
- Input prices

Drivers of offtake
price acceptance:

- Competitiveness
of alternative
decarbonisation options

- Ease of conversion to
hydrogen (inc. CAPEX
and OPEX impacts)

- Baseload
requirements (inc.
security of supply/
reliance)

- International
competitiveness of the
offtaker end product

- Availability of
hydrogen supply

- Technical operational
requirements
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Delivery Enablers: 3.5 Enabler 2

From the perspective of the
producer, hydrogen costs will be
determined by a range of factors
including technical factors such

as the production facility size and

its operating load factor, which will

in turn be driven by the offtaker
requirements as well as input fuel
load factor.

The technical factors will then
determine the DEVEX, CAPEX, and
OPEX of the production facility, a key
driver of their hydrogen cost. The
cost of electricity is the biggest driver
in determining the LCOH.

$ per kilogram (real 2023)

[ Tax
B Power cost
M Electrolyser cost
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Figure 22

The most significant driver of the
electrolyser cost is the electrolyser
stack. OPEX will include a range

of costs, of which the input fuel
(electricity) is likely to be the most
material, with stack replacement and
maintenance also a considerable
cost driver.

The BNEF Hydrogen Levelised Cost
Outlook 2025% estimates that the
LCOH breakdown for the UK figures
are Electrolyser (39%), Power Cost
(53%), and Tax (7%) as shown in
Figure 22.

Germany

8
T
=
1]
5
<

Brazil
Utah

UK

LCOH breakdown by power and electricity cost, 2025 ($/kg real 2023).

Source: BNEF. Note: Electrolyser costs consist of electrolyser CAPEX and OPEX costs, power costs consist of
renewable generation CAPEX and OPEX. Both costs include tax and financing.

Electrolyser

Power Cost

8.40

New York

10.23

Japan
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To date in the UK, production
projects have been able to progress
through support from the HBPM.

This provides revenue support to
manage the price for the offtaker,
allowing for a hydrogen producer
to sell to offtakers at a price below
cost with the UK Government paying
the difference through a contract for
difference mechanism.

Under the current rules of the HPBM,
and powers under the Energy Act
2023, only domestic offtakers are
allowed, with hydrogen export not
considered a qualifying offtaker for
revenue support.

The production developer can
expand the facility to a greater
capacity than submitted into

the NZHF, for example to meet
export needs, however, they will
only receive the business model
support for hydrogen that meets the
qualifying offtaker requirements.
The World Trade Organisation
(WTO) rules prohibit subsidies
specifically contingent upon export
performance.

The WTO defines a

financial contribution by government
or a public body to an individual or

b u s i raedsnsldies grants, loans,
loan guarantees, and tax breaks*.
So far, all UK hydrogen projects
that are currently in development
have received financial support and
have thus allocated their production
capacity for domestic usage only.

It is therefore uncertain whether
an offtaker would be willing to sign
a long-term contract to purchase
hydrogen at cost, without any
financial support.

This study recommends undertaking
an assessment of whether hydrogen
production is commercially viable
without financial support, in order

to determine the potential capacity
available for export.

This evaluation should consider
whether the volumes, price, and
durations within export offtake
agreements alone are a sufficient
incentive for UK hydrogen
producers to operate.

It is also recommended that
alternative forms of support are

reviewed bytheUKGover nment 6s

Subsidy Control Unit to confirm
compliance with WTO rules.

This could include alternative forms
of support such as low-cost credit to
hydrogen producers and investment
in research and development.

subsidy as 06a
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Delivery Enablers: 3.5 Enabler 2

UK Levelised Cost of Hydrogen Review

The Levelised Cost of Hydrogen (LCOH) UK, with a forecast of how the cost will fall in
is a metric used to evaluate the total costs the coming years. It should be noted that the
in producing hydrogen over the entire revised LCOH forecasts for all countries are
production facility lifecycle. This includes increasing significantly according to BNEF.
both CAPEX and OPEX. The LCOH for UK electrolytic hydrogen
Essentially, it represents the average cost production in 2025 with an electrolyser

per unit of hydrogen produced, considering utilisation of 90% is modelled to range

all production costs from the initial from $7.29-$8.62 per kilogram of hydrogen
investment to ongoing operational costs. (kgH2), with forecasts estimating a reduction
This does not take into account any costs to <$6/kgH2 by 2030, and further to <$4/

associated with transporting the hydrogen kgH2 by 2050, as illustrated in Figure 23 and
to the offtaker or storage. The LCOH metric ~ Figure 24.

is a valuable tool for comparing the cost- The anticipated decline in costs from 2023 to
effectiveness of hydrogen production against 2030 can be attributed to economies of scale
other energy sources and determining its of electrolysers (and therefore lower cost),
market competitiveness. financing and renewable energy costs, and
The following provides a summary of better electrolyser efficiency.

recent LCOH analysis comparing potential Figure 24 indicates that the UK production
UK production costs to European and costs in 2025 will be competitive with those
international producers. of several European nations. Estimates for
Figure 23 provides an indication of the the UK are closely aligned with those of

LCOH for different countries, including the Germany. BNEF highlights a comparable
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Figure 23

LCOH forecast between 2023-2050 for different countries ($ real 2023), Source: Hydrogen
Levelized Cost Outlook 2025, BloombergNEF.

Table 6
UK LCOH Review
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LCOH estimate for Australia in 2025 when
compared to the UK. Both Australia and
Canada have agreed to jointly commit to
H2Global auctions with Germany® 5.

The two bilateral tender agreements
have been committed to by Germany
between Canada and Australia to a value
of 05 8 &2 Ind ahticipaedthat the
UK will remain competitive with Canada
and Australia once the Levelised Cost of
Transport is factored in.

Several other reports, including the
I nternati onal
(IRENA) report in 2022%, which were
published earlier than the BNEF information
above, document have much lower
anticipated LCOH values. It is assumed that
if these reports were updated in 2025, they
would contain a similar increase in LCOH to
the BNEF figures above.

$ per kilogram (real 2023)

Renewab

It is assumed, as part of this study, that
imports of hydrogen from countries with
access to North Sea wind resources in
Northwestern Europe are likely to be
competitive in the long-term with imports
from other countries, despite lower
production costs there.

This conclusion is based on the requirement
for hydrogen to be in its molecular form
rather than in a derivative form such as
ammonia at the end-use point, where energy
intensive post-processing infrastructure
weuld pefegyirgdyjo Crack Bey amnenia

to attain the hydrogen.

Should ammonia be the desired product,
the economics of production will be more
influential, potentially resulting in North Sea-
produced ammonia being priced higher on a
delivered basis than imported ammonia from
other regions.

90% electrolyser

utilization rate
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Figure 24

LCOH range from optimal to 90% electrolyser utilisation in 2025%.

Source: BloombergNEF. Note 6 9 Oe%éctrolyzer utilization r a tis¢hé electrolyzer utilization rate in the baseline scenario.6 Opt i ma |
el ectr ol yzer isthe electiolyzarwtilization ratathaepdoduces the lowest levelized cost of hydrogen. The optimal

utilization rate for each market can be found in the attached data sheet.
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Delivery Enablers: 3.5 Enabler 2

For the offtaker, based on the
stakeholder engagement undertaken
and detailed in Table 7, there are
several factors that will influence
their willingness to accept the
hydrogen price from a producer,
these include:

T How competitive the hydrogen
price is when compared to other
hydrogen options and other
decarbonisation solutions such
as CCS and electrification.

The scale and cost implications
for the business model of

the modifications required to
theo f f t aekisting ssets
to convert to hydrogen.

How the hydrogen supply
would meet the baseload
operating requirements of the
offtaker, including any security
of supply requirements that
may require storage.

T How domestically and
internationally competitive
theirp r o d price véosld be
after hydrogen conversion.

The quality of hydrogen required
for their technical processes.

As discussed within Section 2.5, from
the domestic perspective, reflecting
that the hydrogen market is currently
at an early stage of development,
funding mechanisms have been
provided to manage the high
hydrogen prices for offtakers.

In addition to the willingness to
accept the hydrogen price, the
offtaker would also need to consider
the costs associated with the
hydrogen transportation solutions
capturing the onshore networks in
the respective countries and the
interconnector charges.

As reflected in Figure 21, there are
several factors that will influence the
transportation costs for the offtaker,
namely whether the network is new
build or repurposed, the distance

of the offtaker from the producer
and the operating strategy of the
infrastructure.

Compression costs could be a
significant driver of operational
costs given the potential length

of required network infrastructure
and the energy density differences
between natural gas and hydrogen
means that, on a like-for-like energy
basis, approximately three times the
volume of hydrogen to natural gas
would need be transported.
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Offtaker stakeholder
engagement summary

As part of this study, stakeholders from

the transport/logistics, chemical, and steel
sectors were interviewed. For the majority
of the German offtakers interviewed, low-
carbon hydrogen presented a viable or the
most viable option for decarbonisation. In
arriving at this position, offtakers considered
regulatory requirements, such as the
sectoral quotas laid out in the EU RED llI,
as well as alternative options, especially
electrification. Another consideration was
practicality, i.e. whether the necessary
infrastructure (pipeline and/or import terminal
connection, road and train transport options,
storage facilities, etc.) and the regulatory
framework at the EU and national level were
already in place or could be expected to be
so in the near future, as well as whether the
required purity of hydrogen was available.

In those cases, where low-carbon
hydrogen was identified as the most viable
decarbonisation option, German offtakers
agreed on price being the decisive criterion
when considering supply contracts. Whilst
the reliability of trading partners and
compliance with environmental and social
standards in the country of production were

Table 7
German Offtaker Stakeholder Engagement Summary.

In summary, there are several factors that are likely
to influence the agreement of offtake contracts
between producers and offtakers, which creates
uncertainty for the interconnector business case.

Of these factors, many are interdependent with
certainty required from both the producer and the
offtaker in parallel to understand the commercial
and technical feasibility of offtake agreements for
the respective parties.

also mentioned as decision criteria by some,
these were clearly secondary. Importantly,
high prices for low-carbon hydrogen were
identified to be one of the key bottlenecks
for initiating offtake before 2030. A key issue
here was that prices have generally turned
out to be higher than expected and predicted
a few years ago®.

Accordingly, an extension and increased
flexibility of financial support by the German
Government emerged as a key requirement
for facilitating the market ramp-up in
Germany and meeting the offtake targets.
The German Government is providing
extensive financial support to encourage
offtake already, specifically in the form of
the Federal Fund for Climate and Industry
as well as the CCfD scheme targeted at

the industrial sector. However, particularly
the CCfD scheme was criticised for its
complexity, complicating the application
process especially for SMEs, and its narrow
focus on renewable hydrogen and the
industrial sector. Additionally, the provision of
OPEX funding was identified as an important
addition to existing funding approaches.
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Delivery Enablers: 3.5 Enabler 2

To manage this market uncertainty,
this study recommends that the

UK and German Governments
explore how to facilitate market
arrangements between the UK and
Germany and engage with potential
project developers to understand the
delivery requirements.

In facilitating arrangements, this
study recommends that the following
activities are undertaken to support
the trading of hydrogen between the
UK and Germany.

As set out in Figure 25, these
activities will be critical during the
initiation phase of an interconnector
development by firstly exploring

the hydrogen market (phase 1) and
secondly aligning the market appetite
to underpin the interconnector needs
case (phase 2).

Publication of Initial demand and production Interconnector Needs Case; project
this study view position progresses to planning phase
] ] ]
Explore the market : Align the market appetite
Promoting of the interconnector : Facilitation on intitial terms (i.e. MOUs / Heads
project across industry of Terms) connecting market participants
. Production engagement on . Facilitation of routing feasibility by project
Enabler 2: ; . o . )
Enabl ial trad location, delivery timeline, : developers for respective onshore networks
ElE EEETER] HEEE planned and future capacity . and interconnector

of the hydrogen molecule

between the two markets with
no/minimal friction between
markets

Offtaker engagement on
timelines, volumes/ load profile
and hydrogen price acceptability

Network infrastructure
engagement on location,
capacity and timelines

Phase 1 Delivery Enablers Phase 2 Delivery Enablers

Figure 25
Enabler 2 actions.
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Phase 1: explore the market
The first phase would focus on the
following action steps:

I At an overarching level, promoting the
interconnector project objective in line
with and UK and German Government
policy objectives and inviting stakeholders
to engage in its development.

I Engagement with a wide range of individual
hydrogen production project developers on
a project-by-project basis to understand their
positions against the following: location,
delivery timeline, planned and future capacity,
hydrogen available for export as well as any
barriers to project delivery. Engagement would
al so focus on their
associated hydrogen price. The output of the
engagement should be an initial long list of
potential projects that have export potential.

T Engagement with German offtakers on their
timelines for conversion/new build, required
hydrogen volume and associated load profile
and hydrogen price acceptability covering both
production and transportation. The output of
the engagement should be an initial long list
of offtakers and their associated willingness
for hydrogen in terms of volume and timings.

T Engagement with interconnector project
developers and gas network operators
on planned and future hydrogen network
development, including potential routing of
production projects and offtakers to export/
import locations. The output of this engagement
should be a view on development timelines
and pipeline capacity as well as potential
infrastructure costs associated with transporting
the hydrogen from producer to offtaker.

The output of this phase would be an initial view
of production and offtaker demand positions,
which is then assessed against a technical

and commercial framework to determine the
production/offtaker projects that should progress
to the next step for further exploration; this would
effectively rule out the projects that are not
considered to be viable/credible.

Based on the list, provisional export/import
location options would be identified to be
explored by the interconnector project developer.

Phase 2: align the market appetite
Following the development of the initial view of
production and offtaker demand positions, the

second phase will narrow to:

Facilitation of detailed engagement between
shortlisted production projects and demand
offtakers on price and volumes to support the
agreement/signing of hydrogen contracts.

I Engagement with the interconnector

developer and respective onshore network
infrastructure developers on the routing
during the delivery of interconnector/
onshore networks feasibility studies.

The output of this phase would be MoU/ HoTs for

p r oqfftakertagraements ang selgcted axpott/impoes

locations, which underpin the Interconnector

Business Case and support the progression of the

project into the planning phase as indicated in the
roadmap in Section 5.2.

This phase could include the facilitation of
either bilateral contracts or, if there is sufficient
liquidity, undertaking auctions to achieve offtake
agreements between parties.

Itis also likely, as seen domestically in the UK
and Germany, that offtakers would need funding
support at least in the near term to manage the
potentially higher hydrogen prices whilst the
market is nascent.

Therefore, in summary, this study recommends
that the UK and German Governments explore
how to facilitate market arrangements between
the UK and Germany, as well as whether the
existing mechanisms for offtaker and production
support are sufficient in providing funding
mechanisms to support cross-border trade
between the UK and Germany.

and
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Delivery Enablers: 3.6 Enabler 3

3.6 Enabler 3:

Develop an interconnector
business model

Proposed actions under this enabler:
3.1 Undertake an assessment of the business model risks and potential guarantees that
may be required to manage revenue uncertainty for an interconnector and potential high
charges for users in the initial scale-up operational period. Based on this assessment, the
UK and German Governments to determine the needs case for interconnector business

model support.

. @
N

3.2 The UK and German Governments, and respective regulators (or future regulators), to
determine the potential process for interconnector business model allocation.

3.3. During the allocation of business model support, the respective regulators, within their
responsibilities, to review evidence provided by project developer(s) on the pipeline sizing
to determine whether the sizing is optimal from a technical and economic perspective.

As the conduit
between
production and
offtakers, the
interconnector
Is exposed to
the uncertainty
of adeveloping
market.

3.6.1 Interconnector business
model and charging arrangements
Where there are market barriers
that prevent investors from
developing needed infrastructure
that will deliver value for consumers,
governments can provide support
through a business model to unlock
necessary investment.

In this context, through the allocation
of a business model, governments
and/or regulators undertake an
assessment of the infrastructure costs
to ensure that they are, firstly, in the
interests of consumers and, secondly,
are economic and efficient.

As the conduit between production
and offtakers, the interconnector
is exposed to the uncertainty of a
developing market.

This creates revenue uncertainty

for the interconnector asset owner,
which in turn creates a barrier for
private investors with regards to

the level of risk that they would

be exposed to in developing and
operating a hydrogen interconnector.

Compared to the barriers associated
with an onshore hydrogen
transmission network, this is

further compounded by the cost
and demand/supply uncertainty
associated with cross-border
markets in a developing hydrogen
economy.

The ultimate impact of these risks if
they materialise is that the utilisation
of the interconnector could be lower
than anticipated creating revenue
uncertainty, which either results

in a significant market barrier or a
guarantee requirement from the
respective countries to underwrite
the investment.
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Therefore, a business model is likely
to be necessary to provide investors
with sufficient certainty given

the uncertainty across the wider
hydrogen value chain, specifically
the uncertainty associated with the
offtaker demand and production
capacity as well as the subsequent
connecting onshore networks.

This study has explored several
options for the design of possible
business models, for example

an assessment framework, which
includes factors such as investability,
value for money, and promoting
market development. The models,
the assessment framework, and the
assessment itself are detailed in
Appendix A.

The business model will need to
reduce the exposure of the other
risks potentially through a level of
guarantee in the event that the actual
utilisation is lower than necessary to

This study has
explored options
for possible

business models

the Regulated Asset Base (RAB)
model, Cap and Floor model, as
well as a government backer as
a capacity guarantee model and
public ownership models. These
models have been evaluated against

Potential risks

provide an investment return.

This is likely to be particularly
pressing in the near term when the
hydrogen market remains in

a nascent state.

that could materialise and may need to be

managed through abusiness model

This study has identified that there are
several potential market failures that

may need to be managed through an
interconnector business model, these risks
are further detailed within Appendix A.

T The respective countries have their own

domestic demand decarbonisation targets

as well as production capacity targets,

which are likely to influence the supporting

policy for their hydrogen markets. This

creates a trade-off in the signals that could

be provided to the market which could
result in two outcomes;

1. UK produced hydrogen being used non-

domestically when there is UK domestic
demand, thus preventing the UK from
achieving its carbon emissions reduction

ambitions or domestic demand required to
utilise other decarbonisation approaches at

potentially greater cost, or
2. A decision to use the hydrogen in
the near term in the UK could mean

Table 8
Potential Risks to be managed through a business model.

that it is not needed in Germany in
the longer term as offtakers secure
long-term alternative solutions.

Hydrogen produced in the UK is
not as competitive as that from
other countries and therefore is not
sufficiently attractive to offtakers.

Demand does not materalise as expected
as offtakers are unwilling/unable to commit
to long-term offtake agreements or the GB
and/or Germany onshore network has not
developed in line with required timelines.

In the event that either production

or demand does not materialise as

expected, the pipeline will still need to be
pressurised and filled up to the normal
operating level in order for the hydrogen

to flow. The funding approach for the
Aifirst fillo hydrogen
significant volume) would need to be
considered in the business model design.
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Delivery Enablers: 3.6 Enabler 3

This study has explored the following
business model options:

Table 9

UK/German public ownership: the asset
would be 100% owned by one or both
Governments such that the Government(s)
would provide the funding for the
development and construction of the asset.

Co-investment by Government(s): the
asset would be co-owned by one or both
Governments and private investment
based on an agreed ownership split,
with the ability for the Government(s)

to reduce its share later when there

is sufficient market confidence.

Regulated Asset Base (RAB): the asset
would be privately owned, and the owner
and operator of the infrastructure would
earn a regulated return on asset costs.

Cap and Floor: the asset would be privately
owned, and the owner and operator of

the interconnector receives a revenue

cap and floor set for a specified period.

Contracts for Difference (CfD): the
investor receives revenue certainty
through an agreed strike price for an
agreed capacity, which is a set price
that, if the market price falls below it, an
external funding provider will pay the
difference to the asset owner between
the strike price and the market price.

OFTO Model: the owner and operator
of the interconnector receives an
agreed revenue stream (covering the
cost of the asset and financing) by an
organisation for a specified period.

Government as a capacity booker: the
Government(s) would reserve an agreed
amount of capacity on the interconnector,
which provides a baseline revenue.

Business models explored in this study.

Business models explored in this study

These business models were reviewed to

determine the extent to which they can cover

various risks.

This study has found that after an initial
assessment of the business model options,
several of the identified risks are expected to
remain after the business model is applied
and therefore continue to pose challenges to
an interconnector os

This includes risks that offtakers are not
willing to lock into long-term contracts whilst
the hydrogen market remains in its infancy
and that UK production is not competitive
compared to alternatives.

In designing the business model, the
following will need to be considered:

I The potential delivery risks and whether
there are any barriers that will prevent
private investment from being forthcoming.
The scale of potential guarantee support
that may be required to manage the
revenue uncertainty risk during the
development and enduring stages.

Whether the business model is designed

as one joint model between the connecting
countries or whether models are developed

by the individual connecting countries
with agreed funding responsibilities
between the respective Governments.

The trade-off between operational
and commercial requirements of
the interconnector, particularly
whether the interconnector is sized
for confirmed demand at the point of
FID or future expected demand.

devel
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Similarly, the charging and access
arrangements are fundamental

to recovering the business model
allowed revenue from relevant
customers.

Within Appendix B, Commercial
Arrangements, several potential
options for determining charges are
detailed including bilateral contracts,
auctions and fixed tariffs as well as
detail on the European charging
arrangements that are being
developed through the EU
Hydrogen and Decarbonised

Gas Market Package.

Given the current development status
of the hydrogen market, the number
of users in the initial operational
period of the interconnector is likely
to be lower than in the longer term,
when there is expected to be a more
mature hydrogen market.

A key consideration in the design of
the charging arrangements for the
interconnector, as with the onshore
networks, is to ensure that initial
charges do not act as a barrier to
early users if they were exposed

to tariffs that reflected the full

asset costs.

Current onshore policy development
in both the UK and Germany is
considering how to manage this risk.

The UK6s current
is that charges may be subsidised
and in Germany an amortisation
account is utilised to evenly distribute
charges over a longer duration.

1§

These approaches are further
detailed in Appendix B. There is
potential that a similar intervention
is likely to be needed to reduce
the early wuserséo
interconnector costs.

At this stage, it is too early to
select a business model and the
charging arrangements. Further
clarity is needed on the routing and
associated technical parameters,
particularly pipe size and length,

as well as the potential offtake
agreements and therefore expected
utilisation of the pipeline, as
discussed under Enabler 2.

Once there is further clarity on these
factors, this study recommends

that an assessment is undertaken

to understand the detailed risks
that need to be managed through

a business model and how the
potential utilisation impacts the
revenue certainty for the potential
interconnector owner, and therefore
the potential guarantee required.

This assessment should explore

the approach that will be adopted

for allocating ownership and relevant
business model funding.
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Delivery Enablers: 3.6 Enabler 3

3.6.2 Allocating business
The process for model support

how potential The process for how potential

business model business model support is
provided will inherently be linked

Support IS _ to how and when the interconnector

provided will project is initiated.

inherently be The project could be developed

linked through a private investment
driven concept engaging directly

to how and with offtakers, producers, onshore

when the networks, and the respective

interconnector Governments.

project is As outlined in Section 2.4.1, there

. are currently several projects that are
initiated. in the early stages of development,
which would need to develop an
evidenced project needs case to
enable development from project
concept to an FID.

As discussed under Enabler 2, this
will need significant engagement and
commercial alignment by the project
developer across the full value chain
to understand potential demand and
producer volumes, prices, durations,
and quality requirements to then
inform the offshore routing and
connection to the onshore networks.

Alternatively, the project concept
could be steered through providing
a signal for an interconnector to
be developed to incentivise the
mobilisation of investment.

This signal could be achieved
through several routes, for example:

I Communicating the need for the
project through hydrogen network
planning processes to allow
investors to develop the project.

This would identify the potential
export locations in the respective
countries and then allow a private
investment driven concept to
determine the specific routing and
technical requirements, working
with producers and offtakers.

Progression of the project to

a sufficient level of technical
information to launch an early
competition for the ownership
rights of the project. This option
allows for the opportunity to
recover a level of development
fees that may be vested in the
project by the Governments.

| late competition process whereby
the project is progressed to
the commercial operation date
(COD) and then tendered in a
similar manner to the current
regulatory arrangements under
the U K @é#fshore Transmission
Owner (OFTO) regime.

To support the allocation of potential

business model funding for an
interconnector, the mechanism
determined by the UK and German
Governments to facilitate market
arrangements could play a role in
determining when there is sufficient
confidence in the level of offtaker
and production commitments to
commence the allocation of
potential interconnector business
model support.

This will be fundamental as the

interconnector development will need
certainty over any business model

support ahead of an FID.
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The level of confidence in the
offtaker agreements can then inform
the Governmentso
the extent to which interconnector
business model support is required
and how the benefit of such support
is shared between the countries.

Therefore, this study recommends
that the UK and German
Governments, with the respective
regulators, consider the process and
timelines for potential interconnector
business model allocation and
whether the mechanism determined
to facilitate the market arrangements
could also have a role in the
allocation.

As discussed within Chapter 4, the
pipeline will need to meet minimum
operational requirements for
confirmed demand whilst providing
sufficient flexibility for increased
future demand and taking into
consideration deliverability, planning,
and consenting.

Therefore, there is a trade-off in the
sizing of the pipeline considering the
confirmed demand compared against
the potential future demand.

A pipeline that is designed to

be significantly greater than the
expected near-term demand in
anticipation of higher long-term
demand will result in larger costs and
carries a greater utilisation risk; this
could result in a potentially stranded
asset and from a UK perspective the
regulator is required to manage the
impact of this risk on behalf of current
and future consumers.

Therefore, as part of the business
model process, interconnector
adevelepsrs willeneed to prévide
evidence for their pipeline sizing
decisions and the associated
underlying assumptions.

This study recommends that during
the business model funding process,
the justification for the pipeline sizing
is assessed by the regulators, within
their responsibilities, to determine
whether the sizing of the proposed
pipeline is optimal in terms of

both technical requirements and
consumer value based on the known
and future demand.
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Delivery Enablers: 3.7 Enabler 4

3.7 Enabler 4.

Develop the regulatory framework
for the interconnector

Proposed actions under this enabler:

4.1 The UK Government to review the gas licencing framework to determine whether
potential revisions may be required for the development and operation of hydrogen
interconnectors.

4.2 The UK and German Governments to work together to develop, coordinate and
ensure the compatibility of the commercial operational requirements for the interconnector
(including access, charging, balancing and trading) as part of the regulatory framework.

4.3 The UK and German Governments and/or relevant Regulatory Authorities to examine
whether there is any misalignment between national technical regulatory requirements
(covering safety, planning, consenting and permitting, environmental assessment,
operations and future decommissioning liabilities, etc.) and develop a plan to ensure that
any differences are understood and managed to allow the development of the technical
regulatory framework for a hydrogen interconnector.

3.7.1 Licencing of the Under a risk-based approach,

_ : e In the UK,
Interconnector prior to granting licences, Ofgem . .

In the UK, the licencing of electricity ~ assesses the suitability of the licencing of gas

and gas infrastructure is underpinned  organisation to hold a licence for the  nfrastructure
by The Electricity Act 1989 and The  applied activity and ensure that when is underpinned

Gas Act 1986. granting licences, it is in interests

This legislation sets out the of current and future consumers as by The Gas
fundamentals associated with well as supporting the delivery of Act 1986.
ownership rules, including where net zero. Organisations are required

cross-sector ownership is prohibited, {0 submit a range of information

and the activities that they are including company information,

obliged to undertake as well as the licence/application history, suitability

requirements, including industry to hold a licence, proposed

codes, that they must comply with. arrangements to start licensable

activity and whether they have

met the licence requirements. The
legislation does provide the ability

to provide exemptions, however,
these are generally determined on

a project-by-project basis based on
thresholds or for a particular asset
type. Also, it is on the organisation to
determine the case for an exemption
from a licenced entity.

Currently within the gas market,
the following activities are licenced:
transporter, interconnector, shipper,
supplier and gas system planner,
and the licencing is managed
primarily by Ofgem.
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How the UK and
Germany Regulate

The UK and Germany regulate their gas
markets and associated infrastructure
through slightly different approaches.

In the GB, there is an economic regulator
known as the Office for Gas and Electricity
Markets (Ofgem) who oversees the licencing
of organisations within the gas market

as well as overseeing the development,
modification and implementation of gas
market codes, which provide the rules for
market participation.

Ofgem provides this oversight for natural
gas and will act as the regulator for
hydrogen as the market develops. From a
technical perspective Ofgem is the technical
regulatory authority responsible for enforcing
overarching legislation enacted by the Gas
Act 1986 and the Energy Act 2023 onshore,
both of which have both been amended to
cover hydrogen.

Ofgem administers industry codes and
standards, such as the Independent Gas
Transporters Uniform Network Code (IGT
UNC). Offshore, the technical regulator is the
North Sea Transition Authority (NSTA) who
is responsible for regulating and influencing
the ail, gas, offshore hydrogen and carbon
storage industries.

The NSTA is the technical regulator for
offshore hydrogen storage and hydrogen
pipelines (including interconnectors). The
NSTA issues Hydrogen Storage Licenses
under the Energy Act 2008. The NSTA
issues Pipeline Work Authorisations (under
the Petroleum Act 1998) which govern

the construction and use of pipelines/
interconnectors (as well as any subsequent
changes thereto). Its remit regarding
interconnectors extends from the UK low
water mark to an offshore median line

with the counterpart state (e.g. Belgium,
Germany, or the Netherlands).

Every pipeline authorised under a PWA
will also have approved PWA Holders and
Users, Owners, and Operators associated
with it (any changes to these are similarly
subject to approval by the NSTA).

In Germany, EU membership adds another
legislative level, as energy regulation is an
area of shared competence. This means
that both the EU and the member states can
pass legislation on energy matters. However,
member states may only do so if the EU
does not or chooses not to pass legislation
on a particular energy-related issue. EU
regulations take effect in all member states
at the moment of passing while EU directives
set common goals but leave more room

for manoeuvre and need to be transposed
into national law by member states within a
time frame of usually 2 years. This task is
performed by the German Government.

The German BNetzA is subsequently
responsible for the operationalisation of

the legislation passed at the federal level
including rules for market participation, the
development of the network and the setting
of network charges. The BNetzA further
acts as the oversight authority for the gas,
electricity and future hydrogen network. At
the technical level, the Energy Industry Act
(EnWG) stipulates that natural gas pipelines
(and thus also hydrogen pipeline systems)
must comply with the
rul es of
EnWG specifies the German Technical and
Scientific Association for Gas and Water
(DVGW), the industry association of the
German gas and water industry, as the
institution that determines and develops
these rules.

Further detail on the status of the hydrogen
regulations in the UK and Germany are
included with Appendix C.

technol ogy?®6.
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Delivery Enablers: 3.7 Enabler 4

Hydrogen is included within the gas
definition included within the Gas

Act 1986 and therefore a hydrogen
interconnector would be covered by
the existing interconnector licence.

As this licence was designed with
natural gas market arrangements
in mind, it is recommended that a
review is undertaken to determine
the suitability of the existing
interconnector licence for hydrogen;
this may include either developing
a new hydrogen interconnector
licence or making modifications to
the existing licence to recognise any
differences between the developed
natural gas market and the evolving
hydrogen market.

Further, the current unbundling
rules mean that an interconnector
licence cannot also be held by a
transporter, shipper or supplier; it
is recommended that a review is
undertaken to determine whether
this remains appropriate for an
emerging hydrogen market.

Comparing to recent and currently
in development electricity
interconnectors, which have the cap
and floor business model, a project
is required to be licenced before it
is granted provisional or confirmed
business model support.

This is because the requirements
for the business model allocation,
including the application process
and information requirements, are
defined within the licences that they
must secure ahead of their business
model application.

Once business model support is
provisionally or fully confirmed, this
is also incorporated into the licence
as are the arrangements associated
with charging and access rules;
this ensures that the licenced entity
complies with the conditions of the
business model funding.

Therefore, any modifications to the
existing licencing framework for a
hydrogen interconnector (or the
establishment of a new licence)
will need to be in place ahead of
the allocation of any interconnector
business model support.

This will require the appointment
of a regulator and stakeholder
engagement on the design of the
licences.

It is important to recognise that
historically licencing frameworks
have evolved over time as policy is
further developed or project/cross-
sector challenges are identified.

As a result, the licencing framework
at the point of business model
allocation will need to provide the
interconnector owner with sufficient
confidence to take a FID.

In Germany, the licencing process
for the planning and construction of
an offshore pipeline is carried out by
the mining authority responsible in
the respective federal state and the
Federal Maritime and Hydrographic
Agency (BSH) (Section 133 (4) in
conjunction with Section 133 (1) No.
1 BBergG).

The special feature of the
authorisation procedure under the
Mining Law is that two permissions
are required: a mining and an
operating licence.
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The mining licence is issued by
the competent state authority.
The operating licence requires
authorisation from the BSH.

The BSH examines whether the
project is compatible with the normal
utilisation and use of the waters
above the continental shelf and

the airspace above these waters
(Section 133 para. 2a BBergG).

In Germany there is no general need
of licencing of pipeline operation but
if required, unbundling rules need

to be fulfilled and approved by the
national regulatory agency BNetzA.

3.7.2 Economic regulatory
framework for the operation

of the interconnector

Commercial operational standards
and codes will be required so that
hydrogen flows through the pipeline
in a transparent, economic and
efficient manner in line with wider
energy policy objectives of the two
countries.

These operational regulations
include, but are not limited to, the
following areas: access, charging,
balancing requirements and trading.
The arrangements would need

to be designed so that they do

not preclude the interconnector

operating bidirectionally in the future.

Currently, for the UK and Germany
the focus is on developing the codes
and standards for the respective
domestic networks.

In the UK, the Gas Act 1986 provides
the legislative framework including
the codes and market rules and
provides the definition of gas which
includes both natural gas and
hydrogen and therefore provides the
existing requirements for hydrogen;
although it is recommended that
these arrangements are reviewed to
ensure that they remain appropriate
for a developing hydrogen market.
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Delivery Enablers: 3.7 Enabler 4

Germany is progressing the
development of onshore policy
through the EU Hydrogen and
Decarbonised Gas Market Package,
which is expected to be transposed
into German law by 2026, and
ongoing regulations processes by
the BNetzA for the hydrogen core
network.

For the interconnector operator,
understanding the potential operating
requirements, and how these interact
with the onshore networks, will be a
critical element to the interconnector
business case as it provides clarity
of the operating parameters of the
asset and the associated CAPEX
and OPEX.

The existing natural gas regulatory
framework is likely to provide

a reasonable starting point for

the development of hydrogen
regulations. This is detailed in
Appendix C Regulation.

To support the progression of

the interconnector, this study
recommends that the Governments
work together to ensure there is
sufficient understanding of the
alignment of the technical and
commercial operational requirements
associated with the cross-border
flow of hydrogen, as well as with
the respective onshore hydrogen
networks.

3.7.3 Technical regulatory
framework for the operation

of the interconnector

Similarly, to the economic framework,
the construction and operation

of a hydrogen interconnector

will require compliance with the
necessary technical regulations
covering safety, planning, consenting
and permitting, environmental
assessment, operations and future
decommissioning liabilities to ensure
the safe flow of hydrogen.

Currently the UK and Germany are
establishing the technical regulatory
requirements for the onshore
transport of hydrogen under their
respective legislative regimes.

The establishment of a technical
regulatory framework for an
interconnector must take
intoaccount each
requirements to develop a common

Development

of the technical
regulations for the
interconnector

will need to cover
safety, planning,

countr’i ?.so
consenting

framework under which the and permitting,
interconnector will operate. environmental
To support the development assessment,

of a regulatory framework for .

the interconnector, this study operations
recommends that the UK and and future
German Governments determine decommissioning
the best mechanism to identify liabilities

whether there is any misalignment
between the applicable national
technical regulatory requirements
and establish the approach to be
taken to manage any differences
to allow the development of the
technical regulatory framework for
the interconnector.

Development of the technical
regulations for the interconnector
will need to cover safety,
planning, consenting and
permitting, environmental
assessment, operations and future
decommissioning liabilities.

These would need to be developed
in conjunction with the existing UK
and German Technical Regulatory
Authorities, such as the UK Health &
Safety Executive, Ofgem, NSTA and
other relevant UK authorities.

In Germany it will be important to
consult with the Landesamter fur
Bergbau (State Office for Mining)
and the BSH, to prepare a set

of Technical Regulations for the
construction and operation of a
hydrogen interconnector.
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In Germany, the process of of hydrogen technologies and

the hydrogen technology defines guidelines for establishing
standardisation( i No r mu n g s r andaifrtheadeveloping the technical
Wasserstof f tte hn olregglatiensio this area.

determine which technical gas The roadmap’ which was drawn up
regulations need to be adapted on behalf of the BMWK, contributes
to hydrogen and how, has yet to to the demand for uniform standards
be finalised. for the development of hydrogen
The hydrogen technology infrastructure.

standardisation roadmap is the Around 180 recommendations
nationally coordinated strategic for action were developed in the

roadmap for the technical regulation roadmap.

Historic Technical Regulation
Interconnector Working Groups

There is some precedence with the Balgzand to Bacton Line (BBL) natural
establishment of working groups at the start ~ gas interconnectors at the outset of
of the development of an interconnector these projects and these working groups

project between two countries to understand  established the initial business rules for the
any differences in regulations on either side interconnectors. Whilst these working groups
of the interconnector. The first electricity may have had greater influence at the time,
interconnector (IFA) was commissioned in where there was limited existing regulation,
1986 between GB and France. At that time, the interconnectors are ultimately required
the legislative and energy policy landscape to comply with relevant national regulations

was distinctly different, the Central today.

Electricity Generating Board, predecessor The BBL ATrade & Transit Wort
to what are now National Grid EIeCtriCity managed at that time by the Dutch

Transmission (NGET) and National Energy Directorate-general for Energy and Telecoms

System Operator (NESO), operated as within the Ministry of Economic Affairs,

a nationalised entity and functioned as a covered aspects requiring intergovernmental

combined Transmission System Operator. agreement that were not regulated by

Collaboratively, they partnered with national law, such as agreements on

R®seau de Transport dfudsdiciontdirettiéniofg&s fléws, HiSplte

their French counterpart, to develop the settlement and fiscal regime. In terms of

interconnector, ensuring alignment between  environmental and safety considerations, the
the offshore direct current (DC) system and  working group helped establish a monitoring
the onshore alternating current (AC) system  and inspection regime for the interconnector

requirements. and coordinated policies covering such
Working groups were also set up for aspects as emergency measures and the
both the Interconnector UK (IUK) and suspension of operations.
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Delivery Enablers: 3.8 Enabler 5

3.8 Enab

Develop the regulatory
for the interconnector

framework

er 5:

e
3

Proposed actions under this enabler:

5.1 The UK Government to determine the delivery timeline for the domestic hydrogen
economy in the context of demand and market ramp-up in Germany and Europe.

5.2 G B ONESO to consider the potential need for links between a domestic hydrogen
transport and storage network and new international hydrogen trade infrastructure as
part of its anticipated role in strategic planning.

5.3 The German Government to assess how a potential interconnector is considered
in the further planning of the hydrogen core network and that coordination between the
onshore network operators and the operator(s) of the interconnector is enabled.

5.4 The German Government to coordinate the timeline with the expansion of
AquaDuctus Section 1 and 2 and the completion of the core network and thus the

connection of potential offtakers.

3.8.1 UK hydrogen value

chain ramp-up delivery

To date there have been funding
allocations for renewable (known as
HAR1) and CCS-enabled hydrogen
production projects, with a second
round of renewable production funding
currently in negotiation (HAR2).

All of these projects are expected
to deliver to meet domestic demand
by 2029.

To date, these projects have been
focused on localised offtake and
HAR1 is expected to achieve a total
proposed deployment of 125MW;
further production is expected to
connect by 2029 through HAR2.

As discussed within Section 2.1.1,
there is a potential pipeline of
production projects in the UK,
totaling 25.1 GW capacity by 2030.

As the hydrogen market is
developing, the deployment
timelines and scale of the future
UK hydrogen market depend on
a range of wider factors.

This includes the evolving policy
landscape and market framework,
securing robust offtakers, sufficient
hydrogen transportation solutions,
and the pace of funding

support allocation.

The deliverability of this portfolio
could be stimulated by a strong
market signal of a developing
European hydrogen market
connected to the UK by the
interconnector assessed within
this study.
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Therefore, this study recommends
that the UK Government determines
the delivery timeline for the domestic
hydrogen economy, particularly
hydrogen production, in the context
of demand and market ramp-up in
Germany and Europe.

To stimulate hydrogen deployment
at a regional and national hydrogen
level (rather than with localised
offtake as is currently the case),
funding support for the GB onshore
network will be vital to the timely
delivery of the networks.

In the UK, the Government have
committed to developing a hydrogen
transport business model.

The results of this next phase of
strategic planning for transport
and storage will be published in
due course.

The Go v e r n nocernertt rdirsded to
position is that projects which meet
certain requirements will be able to
apply within allocation windows to
secure business model support.

The requirements for projects to
apply for the first allocation
window are currently being
developed by DESNZ.

The previous consultation position
included defined technical
specifications and for the pipeline
to be operational between 2028
and 2032, and to connect multiple
producers and offtakers.

Timely allocation of the first and
future rounds of funding will be
critical to providing the market
with sufficient market signals
and supporting the delivery of
the onshore routing connecting
producers to the interconnector.

3.8.2 Strategic delivery

of onshore networks

Whilst focus should be initially on
unlocking agreements between
producers and offtakers, the timely
delivery of the onshore networks

in the respective countries will be
critical to enabling the physical flow
of hydrogen between the countries.
The onshore routing will be
determined by the hydrogen network
planning processes in the respective
countries, which will then inform

the interconnector project delivery
approach and routing.

In Germany, the final proposal for
the hydrogen core network was
submitted by the network operators
in July 2024 and was approved in
October 2024.

From the UK perspective, in 2024
the NESO was commissioned

by the UK, Scottish, and Welsh
Governments to prepare the Spatial
Strategic Energy Plan (SSEP)

to identify the optimal locations,
guantities, and types of energy
infrastructure required for generation
and storage, including hydrogen
production, transport, and storage.

The methodology for the SSEP is
currently in development and the first
SSEP is expected to be published in
Q4 2026. NESO will use the SSEP
to support delivering the Centralised
Strategic Network Plan (CSNP),
which will provide a coordinated

and longer-term approach to wider
network planning.

This is likely to provide an informed
view on how production will be
connected to offtakers and, in the
future, potential export locations. The
CSNP publication is not expected
until 2027.

The timely delivery
of the UK and
German onshore
networks will be
critical to enabling
the delivery of the
interconnector.
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Delivery Enablers: 3.8 Enabler 5

In the interim, the UK Government
is expected to continue in its role as
the strategic planner for hydrogen
transport and storage infrastructure.

Activities to date have included
reviewing the strategic case

and optimal approach for core
network development, the ongoing
assessment of infrastructure needs
to inform the future direction and
focus of the transport and storage
business models, and the role of
DEVEX and innovation funding

in enabling a broad and mature
pipeline of projects.

Therefore, to inform the potential
routing of the interconnector, this
study recommends that onshore
network planning activities are
progressed in a timely manner.

This includes NESO, in the future,
taking into account the needs for
links between a domestic hydrogen
network and infrastructure required
to facilitate potential future trade
when undertaking its hydrogen
strategic planning.

This will ensure onshore hydrogen
infrastructure can connect hydrogen
producers to an i
export terminals where necessary.

It is also recommended that an
assessment is undertaken to
determine the delivery timeline of
the domestic hydrogen economy,
including the onshore network in the
context of the interconnector delivery
programme.

The German Government also needs
to ascertain that the interconnector
is considered in the further planning
of their hydrogen core network

and that coordination between the
onshore network operators and the
operator(s) of the interconnector

is enabled.

On the German side, the hydrogen
core network is expected to cover
9,040 km by 2037. Possible import
corridors are taken into account in
the core network.

By the time the core network

is completed at the latest, all
potential large-scale offtakers

will be accessible and connected

to the hydrogen supply. Smaller
offtakers will be connected via the
gas distribution networks to be
converted or through further network
expansion.

From 2026, network development
plans will be published every two
years by the BNetzA, which will
monitor the development of the
natural gas network and the possible
conversion of the distribution network
from natural gas to hydrogen.

The conversion of natural gas
networks to hydrogen could connect
further industrial consumers of
hydrogen.

The extent to which this appears
economically viable and feasible for
distribution network operators and
whether these smaller industrial

nahdeconemeroial ecorsumens ares

dependent on hydrogen or have
other options for decarbonisation is
the subject of current reviews and
regulatory processes such as the
network development plan.

The decisions of the German
Government to implement the

core network and the integration

of hydrogen into the network
development plans to be drawn

up regularly will ensure the timely
provision of the onshore network

on the German side and thus enable
the physical flow of hydrogen to
German offtakers.
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Infrastructure
Assessment

Pipeline routes from key UK locations
to the destinations required in this
study are all technically feasible
but require much further study

and more certainty on how the

two ¢ o0 u nt matwerksd will
develop over the next decade.

Existing interconnectors and
pipelines in the North Seaare unlikely
to be available for conversion

to hydrogen use due to their
existing contract requirements of
supply natural gas. These existing
interconnectors  currently provide
security of supply of natural gas to
the UK, with long term commercial
contracts in place for gas supply.
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