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HYDROGEN BLENDING AND THE GAS COMMERCIAL FRAMEWORK

EXECUTIVE SUMMARY

The Committee on Climate Change (CCC) has highlighted that low-carbon
hydrogen should play a significant role in meeting the UK’s net zero target. In its
‘Further Ambition’ scenario, it predicts that, by 2050, up to 270TWh of low-carbon
hydrogen would be required in a year.*

Blending hydrogen into the gas grid could be an important stepping stone during
the transition to a sustainable, net zero system. In particular, it may:

= provide a significant and reliable source of demand for hydrogen producers,
supporting the investment case for hydrogen;

= provide learnings and incremental change towards what could potentially
become a 100% hydrogen grid; and

= immediately decarbonise a portion of the gas flowing through the grid.

Technical questions relating to hydrogen blending are being taken forward by the
industry (e.g. through the HyDeploy project in relation to the maximum potential
blend of hydrogen that can be accommodated without end user appliances
needing to be altered or replaced). But if blending is to take place, changes to
commercial arrangements will be necessary, as today these assume a relatively
uniform gas quality. In particular, the commercial framework will need to ensure
that limits on the percentage of hydrogen that can safely be blended (currently
expected to be around 20% by volume) are not exceeded.

We have been commissioned by Cadent to undertake a Network Innovation
Allowance (NIA) project to identify the changes required to the gas commercial
framework that will enable hydrogen blending in the GB gas grid, and to set out a
roadmap for how these can be delivered. This report sets out our
recommendations.

We have focused on six components of the commercial framework, as set out in
Figure 1 below. We note that there are some important limitations to the scope of
this project (see Section 2.1). For instance, work around adjusting billing to final
customers to reflect different calorific values (CVs) at different points in the grid is
being considered by a separate NIC project,” and is therefore outside the scope of
this work.

Figure 1 Key components of the commercial framework
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Source: Frontier Economics

1 CCC (2019), Net Zero Technical report, https://www.theccc.org.uk/wp-content/uploads/2019/05/Net-Zero-
Technical-report-CCC.pdf, p.21.

2 https://futurebillingmethodology.com/.
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The government will need to introduce funding arrangements to support low-
carbon hydrogen production. In our study we assume that the funding
arrangements are in place to support hydrogen facilities (rather than using this
study to identify what they are). As such, our study is focused on the impact of the
connection and operation of hydrogen facilities, rather than how to incentivise and
fund hydrogen deployment itself. However, we note that there is an interaction
between production incentives and commercial arrangements, and future work by
Ofgem and the networks will therefore need to consider the interactions between
the policy support mechanism and commercial framework in more detail when
more is known about the form of government support.

Our work has focused on what we refer to as baseline circumstances. In this phase
of hydrogen blending, there will be only a relatively small number of hydrogen
connections, located at dispersed points on the transmission and/or distribution
networks. This will mean that the hydrogen blend limit is rarely reached at any
given point on the system. It is possible that these baseline circumstances could
persist for some time, potentially all the way to a net zero system.

We have also thought about periods beyond the baseline circumstances during
which more complex commercial arrangements might be required. We have
evaluated whether our baseline recommendations are robust enough to work
across different future pathways, and have taken into account any relevant ‘path
dependency’ in our baseline recommendations.

The two plausible pathways for the hydrogen blending transition are illustrated in
Figure 2 below.

Figure 2 Likely development of a hydrogen blended system
Transition period: hydrogen blending

Baseline circumstances may persist
throughout the period of blending Long-term net
zero system
(100% hydrogen
or alternative)

Baseline circumstances

Some future circumstances might
require additional change

Source: Frontier Economics

Our report:

® sets out that the existing commercial framework can remain mostly intact,
including energy trading and balancing arrangements. Only a limited number
of changes need to take place to enable hydrogen blending in the baseline
circumstances;

= jdentifies a clear, phased ‘roadmap’, which will both enable early producers to
connect; and establish a more standardised framework as the market grows.
Most of our recommended changes can be made using existing industry
processes; and

= provides a set of next steps for the government, Ofgem and the industry.
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1.1 Changes to enable hydrogen blending

Recommendation 1: Managing blend and gas quality

Key issues:

= How is the hydrogen blend kept within the blend limit?
= How is network capacity allocated to hydrogen producers?
= How are any specific gas requirements of certain user types managed?

Recommended solution:

A pre-connection impact assessment should be undertaken by the relevant
network operator to determine a hydrogen producer’s likely impact on the ability of
other hydrogen producers to inject (e.g. if the producer looking to connect is likely
to cause the gas in a given location to reach the blend limit, this will limit the ability
of producers downstream to inject). The evaluation could also assess the
production facility’s likely impact on certain users with specific gas requirements,
such as industrial or commercial users. If the potential impact is found to be
significant, an alternative location for the connection would need to be found.® *

Once connected, hydrogen producers should be subject to constraints on their
rights to inject gas into the grid. In particular, an injection blend constraint would
apply, meaning any gas injected must not cause the grid in the vicinity to breach
the hydrogen blend limit. There could also be constraints on the impact of blending
on aspects of gas quality, such as the Wobbe Index.

The system operator or relevant gas distribution network (GDN) could play a
‘backstop’ safety role in relation to hydrogen producers connected to its network.
This would involve monitoring the hydrogen blend across its network, and curtailing
producers where necessary for safety reasons.

Recommendation 2: Distribution and transmission charges

Key issue: How can it be ensured that distribution and transmission charges (i.e.
capacity and commodity charges, and connection charges) are cost-reflective and
facilitate competition in a hydrogen blended system?

Recommended solution: The current distribution charging framework was
designed for a system where gas entered from the national transmission system
(NTS). In 2013, the framework was amended to reflect more accurately the costs
associated with biomethane connections (i.e. the introduction of the Local
Distribution Zone System Entry Commaodity Charge (LDZ SECC)).°

Hydrogen blending (and ongoing biomethane development) may result in a larger
number of distribution entry connections. However, the cost reflectivity of the
overall distribution charging regime and the impact on effective competition may

3 Alternatively, deblending may be an option for users with specific gas requirements in future.

4 Currently, networks cannot decline to offer entry connection terms to applicants, although this may not apply
to hydrogen connections as the relevant legislation specifically covers methane. This solution might
therefore require change to the current framework, for example to licence conditions.

5 Ofgem (2012), Uniform Network Code (UNC) Modification 391 (UNC391): Distributed Gas Charging
Arrangements, https://gasgov-mst-files.s3.eu-west-1.amazonaws.com/s3fs-public/qgf/UNC391D.pdf.
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need to be revisited since hydrogen blending (and ongoing biomethane
development) may result in a larger number of distribution entry connections.

We recommend:

= adjusting the connection boundary from a ‘deep connection boundary’® to a
‘shallow connection boundary’’; and

= replacing the LDZ SECC with an entry capacity charge based on long-run
marginal cost (LRMC), applied to entry injections at the distribution level.

These amendments will improve the cost-reflectivity of the charging regime and
facilitate effective competition between network users (e.g. by avoiding some of
the downsides of the deep connection charge). Such a change will take time and
effort, and the benefit will ultimately depend on the scale of distribution
connections. This recommendation should therefore be tested further as more
information becomes available.

We also assessed whether transmission charges are cost-reflective and facilitate
effective competition in a hydrogen blended system. Ofgem has recently approved
amendments to transmission network charges, implementing a postage stamp
regime. A shallow connection boundary is in place at entry to the NTS. We do not
expect that hydrogen blending is likely to change Ofgem’s assessment of cost-
reflectivity and effective competition of the postage stamp pricing in the near term.
We therefore recommend no change to the status quo arrangements for
transmission charges.

Recommendation 3: Level playing field between distribution and
transmission-connected plant

Key issue: How can it be ensured that the rules and charging methodology create
a level playing field for hydrogen producers connected to transmission and
distribution networks, as well as across GDNs?

Recommended solution:
In the current regime:

® the connection charging boundary is not consistent between the distribution
and transmission networks; and

= there is no common charging methodology for entry connections across GDNSs.

From an efficiency perspective, inconsistencies in relation to the methodology for
charging for entry connections is only a concern if it incentivises producers to
connect to a particular network or at a particular network level, even if it is not the
most efficient place to locate. Traditionally, gas has been injected directly to the
transmission network, rather than the distribution network (although more recently,
biomethane plants have connected to the distribution network). Therefore, it is
unlikely that the inconsistencies in the existing regime would have caused material
distortions under the current circumstances. However, if a larger number of

6 Under a ‘deep connection boundary’, the connection charges recover both costs of the extension assets
and some of the deep reinforcement costs to the network as a result of the user’s connection.

7 Under a ‘shallow connection boundary’, the connection charges recover only the costs of the extension
assets.
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connections (hydrogen and biomethane) are connecting at the distribution and
transmission levels in the near term, these issues will need to be further
considered.

Our recommendations above on the network charges will result in a consistent
(shallow) connection boundary. Therefore, the only additional question to consider
is whether to implement a common charging methodology for entry connections
across the GDNs.

We recommend adopting such a common charging methodology (e.g. in relation
to ownership of entry equipment) across the GDNs as it will facilitate effective
competition between network users connected at different networks. However,
again we note that such a change will take time and effort, and so it should be
tested further as more information becomes available.

1.2 Roadmap to deliver recommended changes

We have developed a roadmap that sets out the key areas of work that will be
needed to deliver these changes, the relevant group/body best placed to do this,
and a suitable sequencing and timing of actions.

The roadmap focuses on actions to enable hydrogen blending under the baseline
circumstances described above. If hydrogen blending develops in a way that
requires more complex commercial arrangements, the framework developed
through the roadmap can be adapted incrementally to implement those
arrangements.

Within the roadmap we have suggested two stages of work:

= Preparation stage, which relates to actions required to enable the first early
hydrogen producers to connect. In this stage we focus on the minimum
changes required, as we assume these producers can be treated in a more
bespoke fashion (for example with restrictions on where they are able to
connect and with site-specific conditions). An early action during this stage will
also involve networks engaging with developers and signposting when and how
treatment will transition from these bespoke arrangements to the more
standardised ones envisaged in the next stage.

= Standardisation stage, which relates to developing a standardised and more
comprehensive framework for hydrogen blending. This stage involves tasks
required to ensure a framework that can accommodate further production
facilities as and when they seek to connect.

While these two stages of work could be carried out sequentially, it is likely to be
desirable to start some of the actions for standardisation sooner than this, meaning
that the two phases would overlap.

The roadmap is shown below, split out into preparation and standardisation stages.
More detailed explanations of each of the actions in the roadmap are provided in
section 4 of this report.
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Figure 3 Roadmap — preparation stage
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Figure 4 Roadmap — standardisation stage
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The sequencing of actions in the roadmap reflects:

= interactions with the investment decisions of the first few hydrogen plants, e.g.
some actions will need to be undertaken before the first few hydrogen investors
can make a final investment decision (FID);

= dependencies on the first few hydrogen plants — some actions can only be
initiated after the FID or the building phase of the first few hydrogen plants as
they will draw on learnings from that process; and

= dependencies with other actions, taking into account that the outputs of some
actions are an input to other actions.

We recognise that the actual duration of each action and the overall length of the
roadmap are highly uncertain, since they will depend on the issues that arise, how
quickly inputs can be collected from stakeholders, the development of hydrogen
production technologies, etc. The estimates provided should therefore be viewed
as indicative and kept under review.

Next steps

At present, there is no large-scale production of low-carbon hydrogen in the UK.
For hydrogen to be the viable option envisaged by the CCC, early deployment
projects must get off the ground in the 2020s.2 Recent policy announcements
indicate that the government is committed to explore the option of hydrogen in the
transition to net zero.’

It is important that the commercial framework does not act as a barrier to this policy
aim. Ofgem and the industry therefore need a signal that they can prioritise work
to make sure that this does not happen. Ideally the government needs to make
clear that hydrogen blending — if proven to be technically feasible — is seen as an
important transitional option, and make clear when it hopes early low-carbon
hydrogen projects will be connected.

Clear signals from government will allow early action to be taken on tasks that have
a longer lead time and will allow more time for considering options and building in
learnings from other areas of work, such as from biomethane. Such signals will
also mean that development of the commercial framework for low-carbon hydrogen
can be properly joined up with the work on biomethane (for example, in relation to
the arrangements for connection and network charging at the distribution level),
where industry discussions are ongoing.

8 The CCC has also recommended that the government develop a low carbon hydrogen strategy by the first
half of 2021. See: CCC (2020) Reducing UK emissions, Progress Report to Parliament,

https://www.theccc.org.uk/wp-content/uploads/2020/06/Reducing-UK-emissions-Progress-Report-to-
Parliament-Committee-on-Cli.. -002-1.pdf, p31

® BEIS (2019), Business models for CCUS; Consultation,
https://www.gov.uk/government/consultations/carbon-capture-usage-and-storage-ccus-business-models.
BEIS (2020), Future support for low carbon heat; Consultation,
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/888736/f
uture-support-for-low-carbon-heat-consultation.pdf.
HM Government (2019), Offshore Wind Sector Deal: Industrial Strategy,

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/790950/B
EIS_Offshore_Wind_Single Pages web_optimised.pdf.

frontier economics
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Once the government has given a high-level policy direction, it can also work with
Ofgem to ensure that this priority is reflected in Ofgem’s regulatory framework and
forward workplan. For example, as part of the RIIO-2 price control framework,
Ofgem is introducing a Strategic Innovation Fund for projects focusing on achieving
net zero targets. Ofgem has said that it will collaborate with organisations including
BEIS, UKRI and the HSE to set innovation challenges. Through this channel, the
government should provide clear direction that enabling hydrogen blending should
be a key focus for the Strategic Innovation Fund.*®

The diagram below illustrates immediate next steps that BEIS and Ofgem can take
in order to enable the industry to start work on the commercial framework.

Figure 5 Next steps for BEIS and Ofgem

- Government
- Ofgem

Wider industry

Initial enabling signal Early steps for BEIS and Ofgem Roadmap for industry

) ) Change areas include...
Form an overarching delivery group to

oversee and coordinate the actions on : :
the roadmap — potentially formed by System operation, dispatch
BEIS and led by Ofgem and connections

Signal to industry that
hydrogen blending is part

Provide direction to Ofgem to ensure Network pricing and
of the route to net zero

that regulation reflects this priority, e.qg. connection charges

and set a date by when
BEIS expects early
hydrogen projects will
connect to the grid

set enabling hydrogen blending as an
‘Innovation Challenge’ for the RIIO-2
Strategic Innovation Fund

Billing
Identify tools within the regulatory
framework that can help enable
hydrogen blending, and ensure the )
yerog J y Shrinkage

are being used

Source: Frontier Economics

However, there are some steps in the roadmap that the industry can initiate
immediately. They are low-regret (they involve low resource costs and keep
options open) and most will require a degree of coordination with biomethane:

®  Discuss entry point ownership boundary and responsibilities between networks
and producers.

= Forum to develop future billing methodology options.

®  Sensitivity testing of baseline assumptions.

= Forum to consider options for managing hydrogen blend.

= Forum to develop common methodology for distribution entry connections.

= Forum to discuss options for distribution network charges.

=

0 Ofgem (2020), RIIO-2 Draft Determinations — Core Document,
https://www.ofgem.gov.uk/system/files/docs/2020/07/draft _determinations - core_document_redacted.pdf.
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There may be other actions that the government and Ofgem consider should be
completed immediately, for example to inform decisions they are currently making
around the future role of hydrogen blending. If so, these should be communicated
to stakeholders so that their completion can be prioritised.

frontier economics 13
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2.1

HYDROGEN BLENDING AND THE GAS COMMERCIAL FRAMEWORK

INTRODUCTION AND CONTEXT

The CCC has highlighted that low-carbon hydrogen should play a significant role
in meeting the UK’s net zero target: the CCC predicts that up to 270TWh of low-
carbon hydrogen would be needed in its ‘Further Ambition’ scenario.'* However,
at present, there is no large-scale production of low-carbon hydrogen in the UK.
For hydrogen to be the viable option envisaged by the CCC, early deployment
projects must get off the ground in the 2020s.

Blending hydrogen into the gas grid can form a helpful stepping stone during the
transition to a sustainable, net zero system. In particular, it may:

= provide a significant and reliable source of demand for hydrogen producers,
supporting the investment case for hydrogen;

= provide learnings and incremental change towards what could potentially
become a 100% hydrogen grid;

= immediately decarbonise a portion of the gas flowing through the grid; and*?

= help raise public awareness of hydrogen, which would be needed if a transition
to a 100% hydrogen system were to happen.

We have been commissioned by Cadent as part of a Network Innovation
Allowance (NIA) project. The aim of this work has been to identify changes required
to the gas commercial framework to enable hydrogen blending in the GB gas grid,
and to provide a roadmap for the industry to deliver these changes.

In this section we set out the objectives and scope of the project, and the
framework we have used in carrying out this work.

Objectives and scope of this project

There is ongoing work to demonstrate the technical acceptability and develop the
evidence base around hydrogen blending. In particular, HyDeploy is a network
innovation project being led by Cadent and Northern Gas Networks.*® It aims to
investigate the maximum potential blend of hydrogen that can be accommodated
without end user appliances needing to be altered or replaced. It is expected that
blends of up to 20% by volume may be demonstrated. Following this, we expect
that further technical work will need to be carried out to assess the impact of
hydrogen blending on other customers, in particular industrial and commercial gas
users.

As well as building technical understanding, commercial arrangements will need to
be adapted or introduced to enable a blended gas system. The current gas
commercial framework has been developed in the context of transporting and
trading a relatively uniform gas. Blending will require changes to that framework to

1 CCC (2019), Net Zero Technical report, https://www.theccc.org.uk/wp-content/uploads/2019/05/Net-Zero-
Technical-report-CCC.pdf, p.21

12 As part of its funding bid for HyDeploy 2, Cadent estimated that the adoption of blended hydrogen and
natural gas could save an estimated 120Mt CO, by 2050 across GB. It could also lead to a saving for
consumers of £8 billion cumulatively to 2050, when compared to the installation and network reinforcement
required to move forward with heat pump solutions.

3 https://hydeploy.co.uk/

frontier economics
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ensure that a new type of gas can enter the grid, and that the industry has the right
tools and incentives to manage a blended system.

The aims of this project were to:
= identify any issues and challenges that would arise if hydrogen blending were
introduced under the current commercial framework;

= develop solution packages to address these issues, and assess these
packages to provide recommended solutions; and

= develop a roadmap for the industry, setting out areas of work that need to be
taken forward to implement the recommended solution packages.

Our work was structured around these three aims, as illustrated below. Further
detail on our approach is set out in Annex A.

Figure 6 Overview of approach

Source: Frontier Economics

We also engaged extensively with relevant stakeholders including network
representatives, industry bodies, BEIS and Ofgem to develop, test and challenge
our findings at each stage and to ensure that solutions have support and are
feasible to implement. We worked particularly closely with a panel of industry
experts, who we would like to thank for their time and inputs throughout this
project.**

We have focused on six components of the commercial framework, as set out in
Figure 7 below.

Figure 7 Key components of the commercial framework

Source: Frontier Economics

In Figure 8 below, we provide some key examples of how each of these six
elements may need to be adapted to enable hydrogen blending.

1 This includes (in alphabetical order): Bethan Winter (Wales&West Utilities), Joanna Ferguson (Northern Gas
Networks), Joseph Mitchell (SGN), Julie Cox (Energy UK), Lorna Millington (Cadent), Marin Lambert
(Oxford Energy), Mark Schofield (Trinity Organics), Stuart Easterbrook (Cadent), Susannah Ferris (National
Grid Gas), Victoria Mustard (Xoserve).
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Figure 8 Components of the commercial framework and how they may

need to change to enable hydrogen blending

Component Examples of key requirements

Connection A regime will be needed to enable the connection of new

production facilities, in parallel and alongside other gas entry
connections. The regime must enable the connection of:

= a greater number of new connections; and
= a greater diversity in size and location of new connections.

Dispatch Dispatch (i.e. injection of gas into the grid) must be managed to

ensure that the maximum blend is not breached at any time.
Ideally the commercial framework would facilitate economic and
environmental dispatch, while being consistent with the system for
gas energy daily balancing.

System operation  Processes and systems must be in place to deal with the

interaction with other gas injections and large loads.

Network pricing Transportation changes (entry and exit) will need to take account
of hydrogen injection points and flows.

Shrinkage A shrinkage regime is required that will take into account the lower
CV of hydrogen gas injections and potentially different shrinkage
properties.

Billing The cost of transportation and localised system operation and

management to end-users in different parts of the network may
vary significantly depending on the blend level of hydrogen in that
area. Atthe same time, end users will not have a choice over the
blend of gas that is supplied to them. This may necessitate
moving away from the current system of passing on the network
costs of transportation in different LDZs to customers in full. In
addition, in a blended hydrogen system, billing may need to be
adjusted to reflect varying CV at different points in the grid. As
noted below, this topic is being considered in a separate project
and is not considered in our work.

Limitations to scope

There are some important limitations to the scope of this project, as described
below. However, we do set out in the roadmap where further work needs to be
undertaken in these areas, or where ongoing work in these areas can feed into
other workstreams.

15

Accommodating gases of different calorific values (CVs) into the billing
framework. Work around adjusting billing to final customers (which is currently
volumetric) to reflect different CV at different points in the grid is being
considered in a separate NIC project.'® It is therefore outside the scope of this
work. However, these implications do need to be considered and we set this
out in the roadmap.

Trading arrangements. We assume that there will be no changes to the
current National Balancing Point market principle, therefore blending
arrangements will need to fit into and around the current process. This means
that shippers will continue to trade energy and have imbalances settled on a

https://futurebillingmethodology.com/
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national basis, and that any consideration of the impact of blending on shippers
and on trading arrangements is outside the scope of this study.

= International impacts. The implications for international flows are excluded
from this study. However these implications do need to be considered and we
set this out in the roadmap.

=  Funding arrangements for hydrogen. We assume that funding arrangements
will eventually be in place to support hydrogen facilities (rather than using this
study to identify what those funding arrangements are). As such the study can
focus on the impact of connection and operation, not how to incentivise and
fund hydrogen deployment itself. However, we do consider interactions
between the commercial arrangements discussed in this study and the funding
arrangements for hydrogen. For example, the costs of curtailing hydrogen
production expressed by a producer may be influenced by the design of the
subsidy arrangements.*®

= Network investment. Any network investments required to support blended
hydrogen flows are dealt with in the existing regulatory framework for funding
and pricing and are not a consideration for this study. We assume that any
additional investment required to get the hydrogen onto the grid will be picked
up as part of the RIIO framework.

2.2 Our framework

Robustness to outcomes

Given the uncertainty around how hydrogen production will develop and what a
blended system could look like, we have avoided making assumptions around what
outcomes may materialise. Figure 9 provides some examples of areas of
uncertainty for the future role of hydrogen in the gas grid. The commercial
framework solutions that we set out in this work are generally robust to any of these
outcomes. For example, we have assumed a system that includes injection from
multiple hydrogen production plants of varying size and type (including green
hydrogen from renewables and blue hydrogen from SMR processes with CCS).
These production sites could be connected to the transmission and distribution
networks.

Figure 9 Main areas of uncertainty around the future role of hydrogen in

the grid
H?: ézgt?zn Scale of Connection Geographical Storage tAe‘Lar:I,‘m“mi(eo; Evolution of
gpes production level concentration options tools °9 demand
= Green * Large-scale = NTS * Highly * Deblending Increasing
e concentrated = Abundant » Reverse

= Blue = Small-scale = Distribution o = Flat

i . = Evenly = Limited flows o
= Grey * A mix = A mix distributed + Others? * Declining

Source: Frontier Economics

16 E.g. if subsidy is paid per MWh produced, hydrogen producers are likely to require significant compensation
to be curtailed — a problem frequently observed among RES-E producers today.
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Recognising that blending is a transitional stage

It is important to recognise that hydrogen blending can only ever be a transitional
solution.*” A sustainable net zero gas system may look very different from a
blended system, for example some of the changes required to enable a blended
system may not in fact be necessary in a system with 100% hydrogen. It may
therefore not be sensible to instigate a large number of complex changes to the
commercial framework that are designed to work only in limited circumstances.
Any major change should ideally be compatible with the direction of future travel,
otherwise a simpler, interim solution may make more sense.

We have therefore structured our work around the likely development of a
hydrogen blended system over time. Importantly, we have identified a set of
‘baseline circumstances’ that are likely to apply in the near term when hydrogen
production is at early stages and limited numbers of producers are connected to
the grid. Over time, these baseline circumstances may or may not persist (see
Figure 10 below), but focusing on addressing issues that arise under these
baseline circumstances in the first instance helps ensure that a ‘low-regrets’
approach is taken to changing the commercial framework.

Figure 10 Likely development of a hydrogen blended system

Transition period: hydrogen blending

Baseline circumstances may persist
throughout the period of blending Long-term net

zero system

(100% hydrogen
or alternative)

Baseline circumstances

Some future circumstances might
require additional change

Source: Frontier Economics

The main assumptions we have made around baseline circumstances and other
future circumstances are as follows.

= Baseline circumstances. The number and location of hydrogen connections
mean that the hydrogen blend limit is rarely reached. This may be because
hydrogen injections are only NTS-connected, and/or there may be a
manageable number of sufficiently dispersed distribution-connected production
facilities.

=  Some future circumstances. These circumstances might involve one or more
of the following.

o The blending cap is reached frequently, at multiple locations. This may be
because there are large number of producers looking to connect at both
NTS and distribution level.

o Blending is expected to persist for a long time before switching to long-term
net zero system is feasible, so there may be merit in implementing more
extensive changes that achieve more efficient outcomes.

17 Although we note that there could be a net zero scenario involving some blending of hydrogen and
biomethane in certain areas.
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o Existing arrangements are leading to significantly distorted investment
decisions (e.g. inefficient producer location).

This framework has helped us take a view on which changes to the commercial
framework are needed in the near term, versus those that should be made only in
response to certain future circumstances arising. This means that the roadmap to
enable hydrogen blending represents a realistic and proportionate set of actions
for the industry to take forward in light of uncertainty around how hydrogen blending
will evolve. Key areas where this framework has fed into our work are:

= jdentifying issues: we first identified a long list of issues that could potentially
arise due to hydrogen blending, but only a small subset of these issues apply
under the baseline circumstances;

= setting out solutions: we only considered in detail solutions to the subset of
issues relevant under baseline circumstances. However, we did also set out at
a high level solutions to issues that could arise under alternative future
circumstances. We did this to test path dependency, i.e. how future scenarios
might affect the choice of solution in the near term; and

= building the roadmap: the roadmap is focused on enabling hydrogen blending
under baseline circumstances. Beyond this, industry governance processes
can be relied on to make incremental changes to the framework for hydrogen
blending based on how the hydrogen market develops.

Link with government policy on hydrogen support

The government will need to introduce funding arrangements to support low-
carbon hydrogen production.’® In our study we assume that the funding
arrangements are in place to support hydrogen facilities (rather than using this
study to identify what they are). As such, our study is focused on the impact of the
connection and operation of hydrogen facilities, rather than how to incentivise and
fund hydrogen deployment itself.

However, we note that there is an interaction between the production incentives
and the commercial arrangements. For example, the costs of curtailing hydrogen
production may be influenced by the design of the subsidy arrangements. This
suggests that designing the commercial framework to enable hydrogen blending
should also consider interactions between the commercial framework and the
support policy. This assessment will ensure that the commercial framework and
production incentives are consistent and that interactions between the two do not
result in undesirable outcomes for customers or investors.

Since the form of hydrogen support, and when it will be introduced, is currently
uncertain, we have not sought to evaluate all plausible combinations of
government support schemes and the commercial arrangements. Future work by
Ofgem and the networks will need to consider the interactions between the policy
support mechanism and commercial framework in more detail (e.g. in future

18 We note that BEIS’ consultation on the key aspects of policy design to support biomethane production also
invited views on what mechanisms might be appropriate for long term support of alternative sources of
green gas such as hydrogen blending in the future. See BEIS (April 2020), Future support for low carbon
heat,
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/888736/f
uture-support-for-low-carbon-heat-consultation.pdf.
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consultations) when more is known about the form of government support. We
reflect this action in the roadmap section (see section 4). However we note that
there is likely to be value in networks commencing early work on the commercial
framework ahead of the support mechanism being defined, and a signal from
government will be necessary to achieve this.

That said, we expect the interactions between the policy framework and
commercial arrangements to be less significant under the baseline for the following
reasons.

= Qur baseline assumption is that there are not significant constraints to
producers caused by the hydrogen blending cap. This means that the
interactions between the form of support (e.g. whether it is output-based) and
the risk and cost of curtailment are less significant.

= For the early producers, it may be reasonable to expect support mechanisms
to be sufficiently tailored to ensure that the choices made by those producers
(e.g. around where to locate and when to produce) work in harmony with the
commercial framework to minimise the impact of distortions.

Structure of this report

The remainder of the report is structured as follows:

= Section 3 summarises the recommended areas of change to the current gas
commercial framework, to enable hydrogen blending;

m  Section 4 presents the roadmap of commercial and regulatory actions
necessary to achieve hydrogen blending in the early stages, as well as at a
later stage once many producers connect; and

= Section 5 presents the main conclusions of our report.

Annex A provides an overview of the process we have carried out during the course
of this work. Annex B sets out the relevant objectives of the UNC for assessing
network charges. Annex C provides an overview of the development of the
commercial and policy framework for biomethane producers. Annex D provides
more detail on how we reached the conclusions summarised in the sections below.
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3 AREAS OF CHANGE IN THE
COMMERCIAL FRAMEWORK TO ENABLE
HYDROGEN BLENDING

In this section we identify the changes that will need to be made to the existing
commercial framework to enable hydrogen blending.

3.1 Our approach

3.1.1 Methodology

Our recommendations for adapting the commercial framework are based on our
methodology set out in Annex A and summarised below.

Identification of issues: we identify a full set of issues associated with the
commercial framework that would need to be addressed to enable hydrogen
blending. We distinguish between issues that need to be addressed to enable
hydrogen blending under a set of baseline circumstances, and issues that
might arise under more complex circumstances. We group these issues under
areas of change where they relate to the same components of the commercial
framework and a common solution can be found.

Long list of solutions for change: for each area of change, we develop a long
list of solutions.

Evaluation: we assess our list of solutions under the baseline circumstances
against a set of criteria (see Figure 11). When we evaluate solutions under the
baseline circumstances we take into account changes that could be required
under more complex future scenarios. This ensures that our solutions are
robust to potential future change.

Recommendations: on the basis of our evaluation, we identify a preferred
baseline solution.

Figure 11  Criteria for successful solutions

Does the solution create incentives for the efficient use and development of network capacity?

Efficiency

Does the solution minimise the magnitude of additional system costs to manage blend?

. Is the change in the commercial framework simple and quick to implement?
Feasibility and L - < -

racticali o - ; :
P ty Does the solution limit administrative cost and complexity for networks?

Does the solution promote a fair distribution of costs?

Does implementing the solution involves a low degree of regret in an end-point with 100% H27
Robustness to

uncertainty . ) L : L
Does implementing the solution involves a low degree of regret in an end-point without gas?

Source: Frontier Economics
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Throughout this work, we have relied on input from the expert and functional
engagement groups, as noted in Section 2. We have also stress tested these
findings with BEIS and Ofgem.

Our detailed assessment of the areas of change and solution packages can be
found in Annex D. We provide a summary of our findings here.

3.2 Areas of change required to enable blending

A limited set of issues will need to be addressed to enable hydrogen blending under
the baseline circumstances. This conclusion is in line with an ACER survey
published in July that stated ‘blending of hydrogen would not initially require major
changes in the current market design and legislation’.*

We have identified four potential areas of change, and their key issues, below.
= System operation, dispatch and connections.

o how is the hydrogen blend kept within the blend limit?

o how is network capacity allocated to hydrogen producers?

o how are any specific gas requirements of certain user types managed?

=  Transmission charges (i.e. capacity and commodity charges; and
connection charges).

o howto ensure charges are cost-reflective and facilitate effective competition
in a hydrogen blended system?

®=  Distribution charges (i.e. capacity and commodity charges; and
connection charges).

o how to ensure charges are cost-reflective and facilitate effective competition
in a hydrogen blended system?

= Level playing field between distribution and transmission-connected
plant.

o how to ensure that the rules and charging methodology create a level
playing field for hydrogen producers connected to transmission and
distribution networks as well as across GDNs?

We note that there are also a small number of additional issues of a technical or
legal nature that will need to be considered under baselines circumstances.”® We
do not provide recommendations on how to address these issues, but in our
roadmap in Section 4 we set out what additional studies or thinking are required to
provide solutions to these issues.

We explain each of the above areas of change in more detail below.

1% ACER (July 2020), NRA Survey on Hydrogen, Biomethane, and Related Network Adaptations,
https://www.acer.europa.eu/Official documents/Acts_of the Agency/Publication/ACER%20Report%200n%
20NRAs%20Survey.%20Hydrogen,%20Biomethane,%20and%20Related%20Network%20Adaptations.docx
.pdf, page 9 - 14.

For example, gas quality regulations will need to be adjusted to allow hydrogen blends onto the system. A
detailed list of the issues we identified can be found in Annex D.
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System operation, dispatch and connections

There are three issues that need to be dealt with. First, during the transitional
period of hydrogen blending, it will be essential for safety and operational reasons
to ensure that the blend of hydrogen does not exceed a given limit (currently
expected to be approximately 20%) at any location on the grid. A robust approach
will need to be introduced to manage the hydrogen blend, with clarity around where
responsibilities lie.

Second, the need to limit the hydrogen blend at all locations across the grid means
that the quantity of hydrogen that can be injected at any given entry point is
determined by:

= the volume of gas flowing past that entry point (in turn determined by the wider
pattern of demand and injections); and

= the percentage of that gas already made up of hydrogen.

If, for example, the gas flowing past a hydrogen entry point is already at a 20%
blend, maximum hydrogen capacity in that location will already have been reached.
The commercial framework will therefore need to set out how hydrogen capacity is
allocated to producers, and how gas from different producers is dispatched (e.g.
which producers are curtailed when the blend limit is reached).

BOX 1: LEARNINGS FROM CONNECTING RENEWABLE ELECTRICITY GENERATION

In 2007, Ofgem and DECC undertook a joint review of the transmission access
regime, motivated by the need to accommodate a large volume of renewable
electricity to the transmission grid and thereby meet the 2020 renewable energy
targets.?! In 2010, DECC decided to change from an ‘Invest and Connect’ (I1&C)
regime to a ‘Connect and Manage’ (C&M) regime.??

Under the initial I&C regime, any necessary grid reinforcement works to increase
capacity needed to be fully completed before a new electricity generator could
connect. Under the new C&M regime, generators can connect without the need
to wait for wider transmission network reinforcement. To accommodate this,
NGET needs to constrain off connected generators with firm access rights, and
compensate them for curtailment.

Ofgem later assessed that the C&M regime generated environmental benefits by
allowing renewable generators to connect early, but also created higher
congestion management costs.? By way of illustration, in the year leading up to
September 2015, the total carbon savings attributable to C&M were 5.9m tonnes

2L Ofgem (2007), Transmission Access Review,
https://www.ofgem.gov.uk/sites/default/files/docs/2007/07/070725_ex_tar-open-letter-and-tor-no-
signature_dh3 0.pdf

22 DECC (2010), Government Response to the technical consultation on the model for improving grid access,
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/42979/25
1-govt-response-grid-access.pdf

2 Ofgem (2015), Monitoring the ‘Connect and Manage’ electricity grid access regime,

https://www.ofgem.gov.uk/sites/default/files/docs/monitoring_the connect and manage_electricity grid ac
cess regime_sixth _report from ofgem_0.pdf, paragraph 2.3 and 2.9.
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of CO,, and the C&M congestion costs were £121.7m (roughly 30% of total
congestion costs).

Unlike the situation in electricity, the challenge for accommodating hydrogen
connections is not only about grid reinforcement - it is primarily driven by the
need to manage the level of the hydrogen within the blending cap. Whether or
not hydrogen connections can be accommodated depends on the volume of
methane that is flowing through the relevant part of the system (which will affect
the level of and degree of fluctuations in the hydrogen blend that reaches
customers). This is not entirely controllable by the networks since it will depend
largely on the level of final demand.

Therefore, the question of whether to adopt 1&C or C&M in gas is equivalent to
the question of whether to wait to connect until the entry connection can be
accommodated as a result of a higher future level of final demand (i.e. analogous
to 1&C but with demand rather than network capacity as the constraint); or to
accept the entry connection and compensate them for curtailment (i.e. analogous
to C&M).

In the near term, where we assume that the blending constraint is rarely reached,
it is likely that most hydrogen connections can be accommodated under the
existing 1&C approach. However, under certain future circumstances where the
baseline assumptions do not hold, an 1&C approach might not allow new
hydrogen connections to connect in a system with declining demand. In this case,
a consideration of the 1&C and C&M options may be required to inform the
potential future access regime for hydrogen injections.

We note that our expert group expect there will be some instances where network
investment can unlock capacity that would enable more hydrogen to be blended.
Gas infrastructure investment is likely to have shorter lead than those seen in
electricity transmission infrastructure (which led to the issues with the 1&C
regime). Therefore, the considerations and trade-offs that applied in electricity in
relation to network infrastructure itself are less likely to be relevant when
considering the question of whether to adopt I&C or C&M in gas.

Finally, blending hydrogen into the grid will impact certain characteristics of the gas
received by users and there may be a need to manage these impacts for certain

users, such as industrial or commercial users.

For example, the Wobbe Index is a measure of the energy output of gas, and the
hydrogen content of blended gas will impact its Wobbe Index. The equipment of
industrial users such as CCGTs is often tuned to function optimally in a given
Wobbe Index range. Significant or rapid fluctuations in Wobbe Index can have a
detrimental impact on the functioning of the equipment. Frameworks (regulatory,
policy and/or commercial) will need to set out how any specific gas requirements

of certain users (e.g. industrial or commercial) are managed, if at all.
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BOX 2: LEARNINGS FROM GERMANY ON MANAGING USER REQUIREMENTS

According to an ACER survey published in July,?* the German gas TSO accepts
the highest concentration of hydrogen in the gas grid across Europe. The
applicable hydrogen blending cap is 10% in some sections of its transmission
network.

The ACER report explains that in Germany:

® there is an obligation for network operators to provide a connection point for
hydrogen injection upon request;

= direct injection of pure hydrogen to the transmission network is only possible if
the hydrogen is produced at power-to-gas (PtG) facilities, otherwise it needs to
be injected at a ‘pre-mix’ of hydrogen and other gases meeting the blending
cap;

= the TSO is obliged to verify whether it is possible for the producer to inject
hydrogen e.g. by assessing whether the hydrogen blending cap is reached in
its own network and adjacent networks, and it may refuse further injection if the
stability of the cap becomes an issue; and

= the blending cap limit of 10% is only allowed if no ‘sensitive’ customer is

connected to the network, e.g. if a natural gas filling station for vehicles is
connected to the gas network, only a 2% blend is permitted.

The solutions to all three issues set out above are likely to be interlinked because:

= the approach to managing blend and how capacity is allocated need to be
consistent. For example, the approach to managing blend may require that
certain conditions are placed on connections or on capacity rights, or may
require the use of interruptible capacity; and

= the approach to managing blend is likely to overlap with any approach to
managing gas specifications of certain users (e.g. industrial or commercial),
because it is possible that the same tools can be used to address both issues.

We have therefore grouped these issues together and set out solution packages
that address all three.

Transmission network charges

We considered whether the existing transmission network charges (i.e. capacity
and commodity charges; and connection charges) applied to entry injections
remain cost-reflective and facilitate effective competition in a hydrogen blended
system.

Under the existing commercial framework, entry injections at the NTS level pay the
following charges.

= Entry connection charges are based on a ‘shallow connection boundary’. That
is, the entry connection charges recover the costs of the extension assets, but

2 ACER (July 2020), NRA Survey on Hydrogen, Biomethane, and Related Network Adaptations,
https://www.acer.europa.eu/Official documents/Acts of the Agency/Publication/ACER%20Report%200n%
20NRAs%20Survey.%20Hydrogen,%20Biomethane,%20and%20Related%20Network%20Adaptations.docx
.pdf, page 9 - 14.
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do not recover any deep reinforcement costs to the network as a result of the
user’s connection.?®

m  Postage stamp network prices (to be implemented from 1 October 2020) that
apply a single price?® per unit of capacity to all entry points to recover the
allowed revenue at entry.?’

Cost-reflectivity

As explained in annex B, the cost-reflectivity principle is based on the premise that
network charges should reflect the forward looking marginal costs that users
impose on the network. This is important to achieving an economically efficient
outcome: if charges are cost-reflective, users will internalise the network costs
which they cause when making a decision about how to use the network and where
to locate.

Ofgem has recently reviewed and amended the transmission network commodity
and capacity charges and implemented the existing postage stamp regime which
it considered to be cost-reflective.?® Ofgem’s reasoning was that the marginal cost
of additional capacity is close to zero because there is spare capacity on the NTS
and little or no demand growth is expected.?® Under these conditions, the marginal
cost based signals for capacity look very similar to the existing postage stamp
charges regime.

However, certain circumstances may arise as part of a hydrogen blended system
which could mean that the status quo charges are no longer cost reflective.
Hydrogen has a lower Calorific Value (CV) than methane. Therefore, a given level
of demand for energy (kWh/day) implies a larger hydrogen volume. If, as a result
of CV differences, the NTS becomes more capacity constrained then the existing
transmission charges may no longer be cost reflective (i.e. they would not fully
reflect the forward looking marginal cost that users impose to the network). This is
more likely to be significant if there are a large number of hydrogen producers
connecting to the transmission level.

Effective competition

As explained in Annex B, effective competition is closely related to cost reflectively
in that if tariffs are cost reflective then competition is able to take place on its merits
without distortions.

Beyond the impact of cost reflectivity on effective competition, another potential
area to consider is the impact of the charging regime on the competitive process

% https://gasgov-mst-files.s3.eu-west-1.amazonaws.com/s3fs-
public/qgf/Annex%20B%20NTS%20Gas%20Connection%20Methodology%20v2.pdf

% We note that the postage stamp price at entry is a reserve price (i.e. the auction floor price for a specific
entry/exit point and NTS user). If an NTS user triggers reinforcement costs, it may be required to pay a
price above the reserve price.

27 Ofgem has recently confirmed its decision to move to a postage stamp regime for gas transmission
charging, with implementation on 1 October: https://www.ofgem.gov.uk/system/files/docs/2020/05/unc678 -
decision_0.pdf
2 Ofgem (2020), Uniform Network Code (UNC) Modification (UNC678A): Gas Transmission Charging
Regime, https://www.ofgem.gov.uk/system/files/docs/2020/05/unc678 - decision 0.pdf, pages10-11

2 gpecifically, Ofgem said that it considers the postage stamp regime to be appropriate “given the gas
transmission network is a meshed network largely operating below capacity with expected declining
demand and the primary function of these charges as cost recovery”. Ofgem (2020), Uniform Network Code
(UNC) Modification (UNC678A): Gas Transmission Charging Regime,
https://www.ofgem.gov.uk/system/files/docs/2020/05/unc678 - decision 0.pdf, page 24.
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between gas shippers and between gas suppliers. Factors that will affect the
competitive process include the transparency and complexity of the charges, or
the methodologies used to calculate them and whether the charges that are not
designed to send cost signals (e.g. cost recovery charges) are applied in a non-
discriminatory manner.

Similarly to above, Ofgem has recently implemented the existing postage stamp
regime which it considered to facilitate effective competition.** However, a potential
shift away from cost-reflective tariffs in a hydrogen blended system for the reasons
described above could create distortions and therefore, reduce effective
competition.

In addition, there is a shallow connection boundary at the transmission level (rather
than a deep connection boundary). This facilitates effective competition as:

= it lowers the upfront costs of connection;

= jt leads to less uncertainty in relation to future connection costs (i.e. under a
deep connection charge, the treatment of assets which have been paid for by
individual users and which are subsequently used by other users need to be
considered which can be complex); and

® jtis more transparent, since it avoids the case by case estimation of the relevant
reinforcement costs caused by an individual user that can be subjective.

Distribution network charges

We then considered whether the existing distribution network charges applied to
injections remain cost-reflective and facilitate effective competition in a hydrogen
blended system.

Entry injections at the distribution level pay the following charges under the existing
commercial framework.

= Entry connection charges are based on a ‘deep connection boundary’. That is,
the connection charges recover both costs of the extension assets and some
of the deep reinforcement costs to the network as a result of the user’s
connection.

= A Local Distribution Zone System Entry Commodity Charge (LDZ SECC) which
reflects the operational costs associated with the entry of distributed gas
directly into the distribution network and some credit elements. The credits
reflect:

o the avoided NTS Exit capacity charge as a result of gas sources not
entering the distribution network via the NTS; and

o thereduced LDZ System use if the injection results in lower usage of certain
tiers of the distribution system than would be the case had gas entered from
the NTS.

Cost-reflectivity

30 Ofgem (2020), Uniform Network Code (UNC) Modification (UNC678A): Gas Transmission Charging
Regime, https://www.ofgem.gov.uk/system/files/docs/2020/05/unc678 - decision_0.pdf, page 26.
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The distribution charging framework was largely designed for a system where gas
entered the distribution network from the NTS, rather than being directly injected
into the distribution network. In 2013 an amendment was made to the distribution
charges to reflect more accurately the costs associated with biomethane
connections at the distribution level (i.e. the introduction of the LDZ SECC).*!
However, the cost reflectivity of the overall distribution charging regime may need
to be revisited in circumstances where there are a larger number of distribution
entry connections.

First, the credits included in the LDZ SECC relate to charges which include a cost
recovery component (i.e. charges that recover historic costs of the network, as well
as or instead of forward looking marginal costs imposed by injections). This means
that direct connections at the distribution network may receive benefits (equal to
the cost recovery component of charges) which do not reflect forward looking costs
but rather costs that have already been incurred and cannot be changed
irrespective of what new producers do. As such, there is no value in terms of
economic efficiency in sending a signal related to these costs and in fact, doing so
may distort incentives and change behaviour in a way that reduces efficiency.

While this distortion exists in the current framework (in relation to biomethane
injections), any inefficiencies will become more material the larger the number of
producers (both biomethane and hydrogen producers) connecting to the network
in the near-term.

31 Ofgem (2012), Uniform Network Code (UNC) Modification 391 (UNC391): Distributed Gas Charging
arrangements, https://gasgov-mst-files.s3.eu-west-1.amazonaws.com/s3fs-public/ggf/UNC391D.pdf
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BOX 3: LEARNINGS FROM THE ELECTRICITY FRAMEWORK FOR EMBEDDED
BENEFITS

In the electricity sector, small (sub-100MW) distribution-connected generators (
‘embedded generators’) avoided certain transmission charges that were paid by
transmission-connected generators and larger embedded generators. These are
referred to as ‘embedded benefits’.?

In 2016, Ofgem initiated a review of the electricity transmission network charging
arrangements for embedded generators, including the embedded benefits.*
Ofgem noted that the embedded benefits may over-reward embedded
generation.** This is because the level of embedded benefits may not reflect the
actual benefit in relation to reduction in forward-looking costs that sub-100MW
EG provide to the transmission system.

Specifically, Ofgem noted that the connection of an increasing amount of sub-
100MW EG to the distribution system logically cannot help to avoid historic costs
or fixed costs of developing and maintaining the transmission network. Ofgem
said that these benefits were causing distortions, for example generators may
choose to locate on the distribution system (instead of the transmission system)
S0 as to receive the embedded benefits, even if it is not necessarily the most
efficient place to locate.*®

The review of the embedded benefits in the electricity sector has parallels to the
credits included in the LDZ SECC in the gas sector. Ofgem will need to ensure
that the credits included in the LDZ SECC will not cause distortions in a hydrogen
blended systems.

Second, the current framework sends locational signals via the deep connection
charge at entry in relation to network investment. This approach for sending
locational signals in relation to network investment has some limitations:

= |ocational signals in relation to network investment can only be sent once (upon
connection) and so will not send signals reflecting changing conditions on the
network to users once they are connected,;

%2 For example, one of the embedded benefits arose because transmission charging for demand was
previously calculated according to each user’s net demand (i.e. total customer demand less any generation
output from smaller generators) at particular periods, known as triad periods. As a result, smaller generation
was treated not as generation, but as ‘negative demand’. This meant that suppliers could use smaller
embedded generation to reduce their net demand, and therefore their network charges, and for smaller
embedded generation to receive payments for doing so. See Ofgem (2016), Open Letter: Charging
arrangements for embedded generation, https://www.ofgem.gov.uk/system/files/docs/2016/07/open_letter -

charging_arrangments for_embedded generation.pdf

3 Ofgem (2016), Open Letter: Charging arrangements for embedded generation,
https://www.ofgem.gov.uk/system/files/docs/2016/07/open_letter -
charging_arrangments for_embedded_generation.pdf and Ofgem (2016), Update on charging
arrangements for Embedded Generation,
https://www.ofgem.gov.uk/system/files/docs/2016/12/update_letter -
charging_arrangements for embedded generation.pdf
3 Ofgem (2017), Minded to decision and draft Impact Assessment of industry’s proposals (CMP264 and
CMP265) to change electricity transmission charging arrangements for Embedded Generators,
https://www.ofgem.gov.uk/system/files/docs/2017/03/minded to decision_and draft impact assessment o
f_industrys proposals.pdf, page 87.

% Ofgem (2017), Minded to decision, paragraphs 2.11-2.12, page 14.
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= the treatment of assets which have been paid for by individual users and which
are subsequently used by other users who have connected later needs to be
considered, and can become complex to deal with; and

= the case by case estimation of the relevant reinforcement costs caused by an
individual user (rather than broader change in demand and supply conditions)
may be subjective creating the potential for inefficiency, uncertainty and
dispute.

These downsides might be more significant in a hydrogen bended system. If the
network becomes more capacity constrained under a hydrogen blended system,
more accurate and flexible locational signals in relation to network investment may
be needed to ensure efficient outcomes. In addition, temporal considerations may
be particularly important in a hydrogen blended system, as the level of demand will
influence the total gas flow and so the absolute amount of hydrogen which can be
accommodated for any given percentage blending constraint.

Effective competition

A potential shift away from cost-reflective tariffs in a hydrogen blended system for
the reasons described above could create distortions and therefore, reduce
effective competition. In particular, the credits included in the LDZ SECC may
introduce undue discrimination between entry connections at the distribution and
transmission level (because direct connections at the distribution level receive
benefits that do not reflect their impact on the forward looking costs of the
distribution network).

In addition, a deep connection boundary may create barriers to entry to new gas
sources because:

= there are high upfront costs of connection;

= jtleads to uncertainty in relation to future connection costs (since as mentioned
above, the treatment of assets which have been paid for by individual users
and which are subsequently used by other users need to be considered which
can be complex); and

= jtis less transparent (since as mentioned above, the case by case estimation
of the relevant reinforcement costs caused by an individual user can be
subjective).

Level playing field between entry connections

In the sections above on transmission and distribution network charges, we have
assessed whether the charges applied for entry injections at each network level in
isolation are cost-reflective and facilitate effective competition. If that is the case,
then a level playing field between network users is ensured as there are no
distortions in the behaviour of network users.

It is important to also review whether the methodologies and rules for setting the
network charges create a level playing field between entry connections at the
transmission and distribution level as well as across GDNs. This will allow us to
assess whether UNC’s objective of effective competition is satisfied across users
connecting at different networks.
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We identified two issues in relation to ensuring a level playing field for entry
connections that may need to be addressed to enable hydrogen blending:

= there is no common charging methodology for entry connections across GDNs
(e.g. in relation to the methodology for estimating the charges and ownership
of entry equipment).*®

= the connection charging boundary is not consistent between the distribution
and transmission networks (i.e. there is a deep connection charge for entry
connections at distribution and a shallow connection charge for entry
connections at transmission).

From an efficiency perspective, inconsistencies in relation to the methodology for
charging for entry connections is only a concern if it incentivises producers to
connect to a particular network or at a particular network level, even if it is not the
most efficient place to locate. As noted above, traditionally gas has connected
directly to the transmission network and it is only over the last few years that
biomethane producers have started connecting directly to the distribution
network.®” Therefore, it is unlikely that the inconsistencies in the methodology for
charging for entry connections in the existing regime would have caused material
distortions under the current circumstances.

If a larger number of connections (hydrogen and biomethane) are connecting at
the distribution and transmission levels in the near-term, these issues will need to
be further considered and in particular, whether these inconsistencies hinder
effective competition across entry connections at the different voltage levels.

3.3 Recommended solution packages to enable
blending

For each of the areas of change identified in the section above, we consider
alternative solution packages for adapting the commercial framework (‘long list of
potential solution packages’) and evaluate these against our criteria set.

A summary of the evaluation of the long list of solution packages under the baseline
circumstances is presented below.*®

3.3.1 Solution packages for system operation, dispatch and
connections

We propose three alternative solution packages to address the identified issues.

®  Solution package 1: injection constraints.

o Hydrogen producers are connected subject to entry specifications that
apply constraints on their rights to inject gas into the grid. In particular, an

% Ofgem (2017), Minded to decision and draft Impact Assessment of industry’s proposals (CMP264 and
CMP265) to change electricity transmission charging arrangements for Embedded Generators,
https://www.ofgem.gov.uk/system/files/docs/2017/03/minded to decision _and draft impact assessment o
f_industrys proposals.pdf, paragraphs 2.11-2.12, page 14.

37 As of 2020, there are less than 100 biomethane producers connected to the gas grid in the UK. See
European Biogas Association, https://www.europeanbiogas.eu/the-european-biomethane-map-2020-shows-
a-51-increase-of-biomethane-plants-in-europe-in-two-years/.

%  See Annex D for more details on our evaluation.
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injection blend constraint would apply, meaning any gas injected must not
cause the grid in their vicinity to breach the hydrogen blend limit.

Constraints could also include their impact on aspects of gas quality such
as the Wobbe Index, if the relevant network operator considers this
necessary.

Learnings around managing gas quality in Morecambe Bay and Lupton are
relevant here. Morecambe Bay South gas is outside GS(M)R gas quality
specifications, and the pipeline from Morecambe Bay to Lupton has an
exemption from GS(M)R requirements. At Lupton, the gas is blended with
higher CV gas on the NTS to bring it within GS(M)R specifications before
entering the grid. If there is insufficient high CV gas flowing through the
NTS, then the supply from Morecambe is curtailed to manageable levels.

o The system operator or relevant GDN could play a ‘backstop’ safety role in
relation to hydrogen producers connected to their network. This would
involve monitoring the hydrogen blend across their network, and curtailing
producers where necessary for safety reasons (e.g. if producers have
breached the injection blend constraint). Curtailment could be through direct
contact with the producer in question, or using remote disconnection valves
if immediate intervention is required.

o There may be value (for example to plant operators and from an
environmental perspective) in a regulatory incentive which could be
introduced as part of this solution package, encouraging the system
operator and GDNs to manage gas flows to maximise hydrogen injections
where possible (e.g. by flowing more methane past hydrogen entry points).
For example, this could be a reputational incentive requiring the system
operator and GDNs to publish how often and to what extent hydrogen
producers had to be curtailed.

Solution package 2: injection constraints with impact assessment.

This solution package builds on the first, with the addition of a pre-connection
impact assessment by the relevant network operator to determine whether a
hydrogen producer should be allowed to connect in a given location.

All applications for connections to the grid (both NTS and LTS) currently
undergo an evaluation before they are able to connect. Under this solution
package, an enhanced evaluation would take place for prospective hydrogen
producers, assessing their likely ability to inject, and more importantly the likely
impact of their connection on the ability of other hydrogen producers to inject
(e.g. if they are likely to saturate the gas in a given location, limiting the ability
for producers downstream to inject). The evaluation could also assess their
likely impact on users with specific requirements.

If the potential impact is found to be significant, then an alternative location for
the connection would need to be found. This might require change to the
existing framework (for example a policy change that explicitly allows networks
to turn down a connection, which would then be embodied in the legislation
and/or licence conditions), which currently does not allow networks to deny
connection terms to applicants.
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This impact assessment would need to involve collaboration between the
National Grid SO and the GDNs to share necessary information to assess
whole system impacts. This is discussed further in section 4.

= Solution package 3: injection constraints, impact assessment and Last-
In-First-Out.

This solution package builds further on the second, requiring the system
operator to take a more active role in cases where the blend constraint is
reached to ensure that producers connected last are constrained first (to create
more certainty for early investors that their ability to produce will not be
impacted by developments on the network after their investment decision). We
note that these cases are likely to be rare under baseline circumstances, and
particularly given the use of an impact assessment before connecting hydrogen
producers.

Assessment

The key trade-offs between these three packages relate to efficiency and system
operation costs.

®  Solution packages 2 and 3 are likely to result in a more efficient use of
network capacity than solution 1. Under package 1, hydrogen producers may
seek to avoid the risk that producers connecting after them may limit their ability
to inject hydrogen by choosing to connect in locations where this is less likely
to happen (but which may be higher cost), or requiring higher support payments
to compensate for this risk. Packages 2 and 3 help to mitigate this potential
inefficiency, although we note that neither package would remove it entirely.

= |n terms of system operation costs, solution packages 1 and 2 involve a
relatively limited ‘backstop’ role for the system operator or GDN, comprising
monitoring and occasional intervention if required. System operation costs
under solution package 3 will be higher, given the need for more active
intervention during times of constraints, to implement Last-In-First-Out.
However, such incremental system operation cost is likely to be fairly limited
given that these constraints are not expected to occur frequently under baseline
circumstances.

In addition to these trade-offs, we have also considered path dependency issues,
i.e. how future scenarios might affect the choice of solution in the near term. In
future scenarios where the blend limit is frequently reached, a different approach
to managing blend and ensuring economic dispatch of hydrogen plants could be
beneficial. For example, a market-based approach to curtailment when the
blending limit is reached, or arbitrage of hydrogen capacity by the system operator
are potential options. Implementing solution package 3 in the near term may risk
creating rights or expectations among early hydrogen producers that their ability to
inject will always be protected through the Last-In-First-Out approach, which could
limit options in the future that do not maintain those rights/expectations.

Finally, we note that policy direction provided by government may impact the
weighing up of solution packages, for example by providing guidance on how
active a role networks should play in determining where hydrogen producers
connect to the grid.
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Recommendation

We recommend that solution package 2 is implemented in the near term.
Compared to package 1, the addition of the impact assessment is likely to bring
benefits for a relatively limited incremental cost. The additional cost and complexity
of the Last-In-First-Out measures in package 3 are not likely to bring sufficient
benefits in efficiency of use of network capacity, and could create expectations or

rights that may limit options in the longer term.

BOX 4: LEARNINGS FROM THE DSO TRANSITION IN ELECTRICITY

As the transition to a low carbon energy system progresses, increasing uptake
of new technologies and tools such as Demand Side Response (DSR) have
made it possible for DNOs to take a more active approach to managing
constraints and balancing their networks, beyond the traditional approach of
simply increasing capacity in response to network constraints. This transition
from the traditional electricity DNO role to a more active distribution system
operator (DSO) role has raised questions around the roles and responsibilities of
the DSOs. The ENA has considered this question in its ‘Future Worlds’
consultation,* which set out five possible scenarios around system operation
responsibilities. These scenarios range from a world where the DSO acts as the
neutral market facilitator for all distributed generation and provides services on a
locational basis to ESO, to a world where a new entity plays this role, providing
efficient services to the DNO and/or DSO as required.

There are parallels between the question of the DSO role and the future role of
the GDN in a hydrogen blended gas system. In the near term we have not
proposed any significant changes in the GDN role, beyond what is required to
connect hydrogen producers, conduct impact assessments and act as a
backstop. However in the longer term, if more complex system operation
solutions are implemented to manage hydrogen connections and blend, it may
be necessary to further consider how system operation responsibilities are
allocated and coordinated between GDNs, the SO and other parties, building on
learnings from the debate in electricity where relevant.

3.3.2 Solution packages for transmission charges

frontier

We consider two options for adapting transmission charges (i.e. connection

charges and capacity and/or commodity charges applied at entry).

= Solution package 1: Retaining the status quo (i.e. shallow entry connection

charge and postage stamp network prices at entry*°).

3 ENA (2018), Future Worlds,
https://www.energynetworks.org/assets/files/14969 ENA_ FutureWorlds AW06_INT.pdf

40 We note that the postage stamp price at entry is a reserve price (i.e. the auction floor price for a specific
entry/exit point and NTS user). If an NTS user triggers reinforcement costs, it may be required to pay a
price above the reserve price.
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= Solution package 2: Adjusting the connection boundary to a deep entry
connection charge*.

Assessment

When applying the assessment criteria set out in section 3.1.1 to assess the
solution packages on network charges, we also take into account the UNC
objectives (see annex B). Specifically, our assessment against the ‘efficiency’
criterion reflects UNC objectives of cost-reflectivity and effective competition. A
charging regime that is cost-reflective and does not cause distortions in
competition will also create incentives for the efficient use and development of
network capacity.

The key trade-off between the two solution packages on transmission charges
relates to efficiency and ease of implementation.

®=  Solution package 2 may lead to efficiency gains, compared to solution
package 1 (i.e. the status quo), by providing locational signals in relation to
network investment via the connection charges. However, the potential
efficiency gains are likely to be small in the baseline circumstances, since
according to Ofgem the NTS is largely operating below capacity with demand
expected to decline.*? In addition, there are some downsides associated with
sending locational signals via a deep connection charge, as outlined in section
3.2.

= |n terms of feasibility and practicality, solution package 2 will require time
and resources to implement, whereas solution package 1 retains the status quo
framework. Solution package 2 may also lead to increased ongoing
administrative costs and complexity for networks, compared to solution
package 1 (i.e. because the network will need to estimate the reinforcement
cost for each new entry connection).

In addition to these trade-offs, we have also considered path dependency issues.
In future scenarios where the NTS has significant capacity constraints and a large
number of new connections, an alternative charging system might be more
appropriate. For instance, a return to entry capacity charges based on the forward-
looking long run marginal cost (LRMC) of additional capacity may be appropriate.
Implementing solution package 2 in the near term may lead to transitional issues
if a marginal cost based entry capacity charge is needed in the future, for example
to ensure that existing entry connections are not effectively charged twice for grid
reinforcement (i.e. first through the deep connection charge, and then through new
network pricing charges at entry).

Recommendation

We recommend that the status quo charging arrangements (i.e. solution package
1) is retained. Since the potential gains from efficiency from solution package 2 are

41 We note that if this solution package is implemented, it will require some changes to the methodology for
charging for additional reinforcement costs via network prices to ensure that these costs are not charged
twice to NTS users.

42 Ofgem (2020), Uniform Network Code (UNC) Modification (UNC678A): Gas Transmission Charging
Regime, https://www.ofgem.gov.uk/system/files/docs/2020/05/unc678 - decision_0.pdf, page 24.
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unlikely to be material, the effort associated with change is likely to be
disproportionate.

Solution packages for distribution charges

We consider three options for adapting distribution charges (i.e. connection
charges and network prices).

Solution package 1: Retaining the status quo (i.e. deep entry connection
charge and LDZ SECC applied at entry).

Solution package 2: Retaining a deep entry connection charge, but adjusting
the LDZ SECC to:

o remove credits relating to cost recovery components of charges;
o reflect the different CVs of methane and hydrogen injections; and

o reflect any additional costs/benefits of injections into the distribution
network.

Solution package 3: Adjusting the connection boundary to a shallow
connection boundary and replacing the LDZ SECC with an LRMC-based entry
capacity charge.*

Assessment

Similarly to above, we reflect UNC’s objectives of cost-reflectivity and effective
competition in our interpretation of the ‘efficiency’ criterion.

The key trade-off between the solution packages relates to efficiency and ease of
implementation.

43
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In terms of efficiency, both solution packages 2 and 3 should result in
efficiency gains compared to solution package 1 (i.e. the status quo). As
explained in section 3.2, the credit elements of the LDZ SECC as currently
defined are not cost-reflective and hinder effective competition. As such, these
elements can create distortions which will be more material if there is a large
number of hydrogen or biomethane producers connecting to the network.
Solution package 3 may lead to further efficiency gains compared to solution
package 2, as it adopts a shallow connection charge and therefore, avoids
some of the downsides of the deep connection charge (see section 3.2).*

In terms of feasibility and practicality, both solution packages 2 and 3 are
likely to take a long time to design and implement, with high associated
resource costs across the industry. Solution packages 1 and 2 may involve
higher administrative costs and complexity for the networks compared to
solution package 3, as the deep connection regime implies the need to estimate
the reinforcement cost for each new entry connection.

This entry capacity charge could also reflect the different CV of methane and hydrogen and reflect any
additional costs/benefits of injections into the distribution network.

We note that the potential efficiency gains under solution package 3 will depend on whether the charges are
able to send accurate signals. It may be difficult to predict future utilisation of the network, which may mean
that signals may not always incentivise efficient behaviour.
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We have also considered path dependency issues. Similarly to the transmission
charges, a future system might involve a shallow connection regime and an entry
capacity charge based on LRMC. Since solution packages 1 and 2 retain the deep
connection boundary, these options may lead to some future transitional issues.
Solution package 3 involves a shallow connection boundary and an entry capacity
charge based on LRMC and is therefore in line with a potential future solution. We
note that solution package 3 might involve some near-term transitional issues, but
these are likely to be easier to resolve as there is a small number of existing
distribution entry connections.

Recommendation

Based on the above evaluation, solution package 3 appears likely to be preferable
in the near-term. However, we note that such a change will take time and effort.
The decision will ultimately depend on the magnitude of expected efficiency gains
and this should therefore be tested further as more information becomes available
as to the likely scale of distribution connections by hydrogen and biomethane
producers in the near term.

Solution packages for level playing field between entry
connections

We considered three options for ensuring a level playing field between facilities
connected at the transmission and distribution network level.

= Solution package 1: Retaining the status quo (i.e. no common charging
methodology for entry connections across GDNs and an inconsistent
connection boundary between transmission and distribution networks).

= Solution package 2: Implementing a common charging methodology for entry
connections across gas distribution networks.

= Solution package 3: Implementing a common charging methodology for
connections across gas distribution networks (as in solution package 2) and
also applying a consistent connection boundary across the distribution and
transmission networks.

There is an interdependency between these solution packages and the solution
packages for adapting transmission and distribution connection and network
charging regimes. For instance, the connection charging boundary between the
transmission and distribution networks will need to be consistent with the approach
for cost reflective connection charges. We consider these interdependencies as
part of our assessment.

Assessment

The key trade-off between the solution packages relates to efficiency and ease of
implementation considerations.

= |nterms of efficiency, solution package 1 (i.e. the status quo) does not ensure
a level playing field for entry connections due to the lack of a common charging
methodology across GDNs and the lack of consistency in the transmission and
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distribution network connection boundary. As discussed in section 3.3.3, this
could distort producers’ incentives to connect to either the transmission or
distribution network, or between different GDNs and therefore will hinder
effective competition between entry injections. Solution package 2 deals only
with the GDN issue, while solution package 3 addresses both. The choice
between them will depend on expectations about the number and size of
production facilities likely to connect at the distribution and transmission level.

= |n terms of feasibility and practicality, both solution packages 2 and 3 will
take time and come with a high resource cost. Clearly solution package 3 will
take the most time and incur the greatest cost, as it also requires a change in
the connection boundary at entry.

Recommendations

In sections 3.3.2 and 3.3.3 we recommend the status quo solution package for
transmission charges and a change of the existing distribution charges for the
distribution networks (i.e. solution package 3 in section 3.3.3). We note that these
decisions should be tested further as more information becomes available as to
the likely scale of distribution and transmission connections by hydrogen and
biomethane producers in the near term.

These recommendations on the distribution and transmission charges will result in
a consistent connection boundary for entry connections (i.e. shallow connection
boundary) across the distribution and transmission networks. Therefore, the only
additional question to consider is whether to implement a common charging
methodology for entry connections across the GDNSs.

We recommend adopting a consistent common charging methodology for entry
connections (e.g. in relation to ownership of entry equipment) across the GDNs as
it will facilitate effective competition between network users connected at different
networks. However, we note that such a change will take time and effort. The
decision will ultimately depend on the magnitude of expected efficiency gains and
this should therefore be tested further as more information becomes available as
to the likely scale and locations of distribution connections by hydrogen and
biomethane producers in the near term.
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ROADMAP TO ENABLE HYDROGEN
BLENDING

In this section we set out a roadmap of the commercial and regulatory actions that
need to take place to implement the solutions to enable hydrogen blending that we
set out in the previous section.

Scope and approach

Scope

The aim of the roadmap is to identify areas where investigation or change to the
existing commercial framework is required in order to allow hydrogen producers to
connect and inject hydrogen into the grid. Our focus is on enabling hydrogen
blending under the baseline circumstances that we set out in section 2.2.

At a high level, actions in the roadmap will cover:

= further work to be carried out by the industry to confirm the preferred solutions
set out in section 3.3;

= areas where specific input is required from technical studies; and

= actions by government, Ofgem, networks and others to implement the preferred
solutions (including changes to legislation, licences and codes).

It is important to note at the outset that the aim of the roadmap is not to set out
detailed actions. Rather, it provides a high-level plan of the key areas of work that
industry will need to take forward and identifies the groups best placed to do this.

Phasing of roadmap actions

We focus on the actions that fall within our first two suggested stages for the
development of a framework for hydrogen blending.

= Preparation stage: actions required to enable a small number of hydrogen
producers to connect. Because we assume that the first few producers to
connect can be treated in a bespoke fashion, for example with restrictions on
where they are able to connect and with site-specific conditions, the focus at
this stage is on making the necessary changes to allow hydrogen to enter the
grid.

®  Standardisation stage: actions for developing a standardised and more
comprehensive framewaork for hydrogen blending, which can accommodate the
full range of production facilities. This stage will also need to consider
coordination with the work that is being done to standardise the treatment of
green gases, such as biomethane.

While these two phases of work could be carried out sequentially (i.e. only starting
the actions in the standardisation stage once the first hydrogen producers
connect), it is likely to be desirable to start some of the actions for standardisation
sooner than this, meaning that the two stages would overlap. This is reflected in
the roadmap illustrated in section 1.2.
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To enable the industry to start work on the roadmap, there are some immediate
next steps that BEIS and Ofgem can take. One of these steps is for BEIS to form,
and Ofgem to subsequently lead, an overarching delivery group that would oversee
and coordinate the various actions in the roadmap. This would help ensure that
work progresses in a timely manner and that responsibilities and deliverables are
centrally coordinated. This and other immediate actions for BEIS and Ofgem are
discussed further in our conclusions and next steps section (see section 5).

We expect that industry-driven code and licence modification processes will be key
tools in the implementation of a standardised framework for hydrogen blending.
This will also be the case for the subsequent incremental changes required to the
framework as circumstances evolve. This continued evolution of the framework is
not covered in the roadmap as it will be shaped by how the market for hydrogen
blending develops; for example the size and geographical distribution of production
facilities. Factors that will be important in determining this evolution will include
whether producers want to connect at NTS or distribution level; how quickly the
hydrogen blend in the grid approaches the cap; and whether hydrogen blending
appears to be a relatively brief transitional phenomenon, or present for a longer
period of time as part of the movement to a net zero system.

This process is in line with the experience of introducing biomethane into the grid.
Early biomethane producers were able to connect to the grid with bespoke
agreements and through securing exemptions from certain requirements (e.g.
biomethane producers have a class exemption from oxygen content requirements
in GS(M)R, as well as from gas transporter licence requirements). Over recent
years the industry has been working on standardising the frameworks around
biomethane (in Annex B we set out the developments of the commercial framework
for biomethane producers).

The different phases of the roadmap are illustrated in Figure 12 below.
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Figure 12 Approach to roadmap
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In the sub-sections below, we set out the actions that the gas industry and
government will need to take to enable hydrogen blending, covering the
preparation and standardisation stages in turn.

For each of the actions in the roadmap, we set out the following:

= Who: we identify the key group or groups that will be most likely to lead work
in this area. In most cases this will include:

Government (BEIS);

Ofgem;

the gas network operators; or

Xoserve.

o o o o

We note that for a number of the actions, there may be some ambiguity as to
which group will lead the work, as there could be different options for taking the
action forward (for example, there is an option involving a choice between an
Ofgem-driven Significant Code Review (SCR) and a set of industry-driven code
modifications).

It is clear that a large number of additional stakeholders (including but not
limited to hydrogen producers, shippers, suppliers, gas users, industry bodies
and academics) will need to be involved in many of the actions set out in the
roadmap. However, the aim at this point is to identify a group that can take
responsibility for taking forward a given action, and involve and coordinate
other stakeholders as needed.

= How long: we provide a rough indication of how long each action is likely to
take. We take a central view (i.e. neither optimistic nor pessimistic) on the
length of time of each action on the basis of input from our functional group and
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stakeholder engagement and/or desk research (e.g. looking at industry
precedent on amending the commercial framework). The timeline reflects the
number of years from the point that the industry decides to take this forward.
As such, we do not provide a date for the completion of the preparation and
standardisation stages.

We note that the actual duration of each action and the overall length of the
preparation and standardisation stages are highly uncertain, since they will
depend on the issues that arise, how quickly inputs can be collected from
relevant stakeholders and how quickly the necessary processes are initiated.
There are also factors other than those relating to adapting the commercial
framework that can have an impact on the timings; for example the
development of hydrogen production technologies and the completion of
studies into the technical and safety aspects of hydrogen blending. The
estimates provided should therefore be viewed as indicative and subject to
refinement as each work area is taken forward.

Interdependencies and sequencing: some actions in the roadmap will be
dependent on outputs and findings from other actions, or will benefit from being
coordinated with other areas of work. We illustrate the appropriate sequencing
of actions in the roadmap, and we flag areas that may need coordination. We
note in particular that a number of actions in the standardisation stage could be
coordinated or combined with similar work that needs to be undertaken for
biomethane. Coordinating across related hydrogen and biomethane work can
help to use time and resources more efficiently, as well as deliver consistent
frameworks across the two.

Roadmap guiding principles

Recent experiences in the gas industry have provided learnings that are directly
relevant for enabling hydrogen blending, and which we have used as guiding
principles in developing the roadmap set out in the following sections. In particular,
the challenges of integration of biomethane into the gas commercial framework
have provided insights and learnings that can now be used to improve the process
of enabling hydrogen blending. We set out the key learnings below.

Transparency and collaboration from the outset. Networks, Ofgem and
other stakeholders should work together to develop consistent frameworks and
approaches. Working independently of each other and developing approaches
in isolation can lead to distortions and the need for further change down the
line to achieve a common approach. There should also be transparency with
the wider industry, with proposals put to consultation where they will impact
other stakeholders. This will mean potential issues can be identified and
addressed in good time.

Timeliness. Where possible, work should be started at an early stage. Better
‘in principle’ solutions can often be reached if thinking has begun before specific
projects are on the table. The risk of addressing issues at very short notice to
enable a specific connection is that the resulting solutions may be highly
tailored to that project, and may not work for others. However, this does not
necessarily mean that final decisions need to be taken early (see next point).
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= |nnovation and agility. While it is important to have consistency and a clear
framework, it is also important to leave room to build innovation and learnings
into that framework. So in areas where there may be learnings from
experiences with the first few producers, decisions might best be taken once
those learnings can be captured.

= Ongoing improvement. Regardless of what framework is implemented
initially, subsequent changes are likely to be needed. Where possible,
frameworks should be implemented so that important future changes can be
made quickly and transparently.

One example that illustrates some of these principles is the need to agree the
division of ownership and responsibilities between networks and producers (e.g.
ownership of entry point equipment, and responsibilities for designing and building
that equipment). This process took a long time and required significant iteration for
biomethane, with networks initially developing their own approaches before later
agreeing a common approach.

In the case of hydrogen blending, addressing this issue collaboratively across all
networks, both transmission and distribution, from the outset will help deliver a
common approach, and putting this to consultation will ensure that the wider
industry can feed into a final decision. Addressing the issue in a timely way will
ensure that producers have clarity from an early stage, and that the solution is
robust enough to work across different situations, rather than tailored to the needs
of the first producers connecting to the grid.

Preparation: actions to enable the first hydrogen
connections

As described above, the preparation stage is the period of time leading up to the
connection of the first few hydrogen producers to the grid. At this stage, actions
will focus mainly on:

®  securing exemptions from or making necessary changes to regulations, codes
and licences to allow material quantities of hydrogen to be injected into the grid;

= developing initial (potentially bespoke) connection agreements between
networks and hydrogen producers; and

= developing and installing equipment necessary to ensure safety.

In the sub-sections below we provide more detail on the actions that will need to
be completed in the preparation stage of the roadmap in order to ensure that the
investment decisions of the first few hydrogen producers can be made as early as
possible.

The sequencing of the actions at the preparation stage reflects the following
constraints:

® |nteractions with the investment decisions of the first few hydrogen plants. We
set out the actions that need to be undertaken before the first few hydrogen
investors ca