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Balancing zone

Entry-Exit System

Entry point

EU Gas Package

Exit point

Hydrogen Distribution Network

Hydrogen Distribution Network Operator
(HDNO)
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Defined in Directive (EU) 2024/1788 as “a system to which a specific
balancing regime is applicable, that includes the transmission system
and may include the whole or part of distribution systems.”

Defined in Directive (EU) 2024/1788 as "an access model for [...]
hydrogen where system users book capacity rights independently on
entry and exit points, that includes the [...] hydrogen networks.”

Defined in Directive (EU) 2024/1788 as “a point subject to booking
procedures by network users providing access to an entry-exit system.”

The EU hydrogen and gas decarbonisation package, i.e., the EU
regulatory framework for natural gas and hydrogen market consisting
of Directive (EU) 2024/1788 of the European Parliament and of the
Council of 13 June 2024 on common rules for the internal markets for
renewable gas, natural gas and hydrogen, amending Directive (EU)
2023/1791 and repealing Directive 2009/73/EC and Regulation (EU)
2024/1789 of the European Parliament and of the Council of 13 June
2024 on the internal markets for renewable gas, natural gas and
hydrogen, amending Regulations (EU) No 1227/2011, (EU) 2017/1938,
(EU) 2019/942 and (EU) 2022/869 and Decision (EU) 2017/684 and
repealing Regulation (EC) No 715/2009.

Defined in Directive (EU) 2024/1788 as “a point subject to booking
procedures by network users enabling gas flows out of the entry-exit
system.”

Defined in Directive (EU) 2024/1788 as “a network of pipelines for the
local or regional transport of hydrogen of a high grade of purity, which
primarily serves the purpose of supplying directly connected
customers and does not include hydrogen interconnectors, and which
is not directly connected to hydrogen storage facilities or hydrogen
terminals, unless the network in question was a natural gas distribution
system on 4 August 2024 and has been partially or fully repurposed for
the transport of hydrogen, or to two or more hydrogen
interconnectors.”

Defined in Directive (EU) 2024/1788 as “a natural or legal person that
is responsible for operating, ensuring the maintenance of and, if
necessary, developing a hydrogen distribution network in a given area
and, where applicable, its interconnections with other hydrogen
networks, and for ensuring the long-term ability of the network to
meet reasonable demands for hydrogen transport.

www.gasgrid.fi
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Hydrogen interconnector

Hydrogen network

Hydrogen purity

Hydrogen quality

Hydrogen storage facility

Hydrogen storage operator

Hydrogen Transmission Network /
Hydrogen Transmission Infrastructure
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Defined in Directive (EU) 2024/1788 as “a hydrogen network which
crosses or spans a border between Member States for the purpose of
connecting the national hydrogen networks of those Member States,
or a hydrogen network between a Member State and a third country
up to the territory of the Member States or the territorial sea of that
Member State.”

Defined in Directive (EU) 2024/1788 as “a network of onshore and
offshore pipelines used for the transport of hydrogen of a high grade
of purity with a view to its delivery to customers, excluding supply.”

Defined in Directive (EU) 2024/1788 as “hydrogen purity and
contaminants in line with applicable hydrogen quality standards for the
hydrogen system.”

Defined in Directive (EU) 2024/1788 as “hydrogen purity and
contaminants in line with applicable hydrogen quality standards for the
hydrogen system.”

Defined in Directive (EU) 2024/1788 as “a facility used for the stocking
of hydrogen of a high grade of purity: (a) including the part of a
hydrogen terminal used for storage but excluding the part used for
production operations and facilities reserved exclusively for hydrogen
network operators in carrying out their functions; (b) including large, in
particular underground, hydrogen storage but excluding smaller, easily
replicable hydrogen storage installations.”

Defined in Directive (EU) 2024/1788 as “a natural or legal person that
carries out the function of storage of hydrogen and is responsible for
operating a hydrogen storage facility.”

Defined in Directive (EU) 2024/1788 as “a network of pipelines for the
transport of hydrogen of a high grade of purity, in particular a network
which includes hydrogen interconnectors or which is directly
connected to hydrogen storage, hydrogen terminals or two or more
hydrogen interconnectors or which primarily serves the purpose of
transporting hydrogen to other hydrogen networks, hydrogen storage
or hydrogen terminals, without excluding the possibility of such
networks to serve the purpose of supplying directly connected
customers.”

The term includes also related components, such as compressor
stations.

www.gasgrid.fi
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Hydrogen Transmission Network Operator
(HTNO)

Hydrogen valley

Interconnection point
Linepack
Market participant

Network code

Network user
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Defined in Directive (EU) 2024/1788 as “a natural or legal person that
is responsible for operating, ensuring the maintenance of and, if
necessary, developing a hydrogen transmission network in a given area
and, where applicable, its interconnections with other hydrogen
networks, and for ensuring the long-term ability of the network to
meet reasonable demands for hydrogen transport.”

Hydrogen Transmission Network Operator is the officially certified or
nominated operator operating the hydrogen transmission network.
The roles and responsibilities are similar to the transmission system
operator for natural gas.

A geographically defined area, where hydrogen is produced, stored,
transported and used across multiple sectors, and where supply and
demand are balanced. There is currently no regulatory definition for
the concept and typically it refers to industrial or economic areas.
Hydrogen Valley may include both hydrogen transmission and
distribution network.

Defined in Directive (EU) 2024/1788 as “a physical or virtual point
connecting adjacent entry-exit systems or connecting an entry-exit
system with an interconnector, in so far as such a point is subject to
booking procedures by network users.”

Defined in Directive (EU) 2024/1788 as “the storage of hydrogen of a
high grade of purity by compression in hydrogen networks, excluding
facilities reserved for hydrogen network operators carrying out their
functions.”

Defined in Directive (EU) 2024/1788 as “a natural or legal person that
buys, sells or produces hydrogen or that is an operator of storage
services including through the placing of orders to trade in one or
more markets for hydrogen including balancing markets.”

Delegated acts adopted by the European Commission and constituting
binding rules to supplement Regulation (EU) 2024/1789.

Defined in Directive (EU) 2024/1788 as “a customer or a potential
customer of a system operator or a system operator itself in so far as it
is necessary for that system operator to carry out its functions in
relation to transport of hydrogen.”

In Finnish methane transmission system, term ‘shipper’ is used instead
of network user.

www.gasgrid.fi
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Project of Common Interest
(PCI)

Regional hydrogen network

Repurposing

System user

Virtual Trading Point
(VTP)
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Defined in Regulation (EU) 2022/869 as “a project necessary to
implement the energy infrastructure priority corridors and areas set
out in Annex | and which is on the Union list.”

There is no regulatory definition for regional hydrogen network. The
term in this document refers to connecting local hydrogen production,
consumption and storages either through hydrogen distribution or
transmission network.

Defined in Regulation (EU) 2022/869 as “the technical upgrading or
modification of existing natural gas infrastructure in order to ensure

that it is dedicated for the use of pure hydrogen.”

Defined in Directive (EU) 2024/1788 as “a natural or legal person
supplying hydrogen to, or being supplied by, the system.”

Hydrogen producer or end user connecting to the hydrogen network.
Defined in Directive (EU) 2024/1788 as “a non-physical commercial

point within an entry-exit system where hydrogen is exchanged
between a seller and a buyer without the need to book capacity.”

www.gasgrid.fi
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Abbreviations

ACER European Union Agency for the Cooperation of Energy Regulators

ATEX ATmosphéres EXplosibles (Eng. potentially explosive atmospheres)

BHC Baltic Sea Hydrogen Collector

CapEx Capital Expenditure

CEF Connecting Europe Facility

COA Co-Operation Agreement

DC Direct current

EIA Environmental Impact Assessment

ENNOH European network of network operators of hydrogen

FCS Feed compressor station

FID Final investment decision

GoO Guarantee of Origin

HDNO Hydrogen Distribution Network Operator

HTNO Hydrogen Transmission Network Operator

LOI Letter of Intent

LRC Lined rock cavern

MAOP Maximum allowable operating pressure

NBHC Nordic-Baltic Hydrogen Corridor

NDA Non-Disclosure Agreement

NHR Nordic Hydrogen Route

NRA National Regulatory Authority

Opex Operating expenses

PCl Project of Common Interest

PoS Proof of Sustainability

PRS Pressure reduction station

PtX Power-to-X

SSO Storage System Operator

Tukes Finnish Safety and Chemicals Agency

TSO Transmission System Operator

VTP Virtual Trading Point
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Preface

Gasgrid’s objective is to accelerate the development of regional hydrogen valleys and build a national
hydrogen infrastructure to be operational in the early 2030s according to the mandate given by the
Finnish government. This information package is first in a series of information packages published by
Gasgrid to serve the market’s information needs and accelerate the development. The information
package sheds light on development of the Finnish hydrogen network, the framework for accessing the
network and operating in the network.

The document aims to leverage knowledge about market development, collect feedback from the
market participants, and support market dialogue already in the early phase of the market formulation.
The information presented on the framework of accessing and utilising the hydrogen network,
including initial connection principles and design of the hydrogen market model around the hydrogen
network, is meant to serve as a precursor for the future terms and conditions for the hydrogen market.

Many developments both at Gasgrid and in the business environment are happening in parallel —
Gasgrid is advancing the technical design of both local, national and, together with its partners, Baltic
Sea region hydrogen transmission infrastructure projects. The Environmental Impact Assessment
processes are ongoing for the national hydrogen network, the first Finnish Hydrogen Market Act is
under preparation, and the EU level legislation concerning hydrogen and its derivatives is getting
clarity. These developments signal a rapidly evolving market landscape that calls for early and
transparent information sharing.

The key purpose of this document is to share information to market participants “as much as possible,
as early as possible.” The information presented is preliminary and reflects Gasgrid’s current
knowledge. The future editions will explore selected topics in greater depth. The information presented
is expected to develop in accordance with the EU and national legal framework, including the network
codes, as well as learnings from the markets, and developments in the neighbouring markets. The
terms and conditions to access and use the hydrogen network will be subject to the review and
approval of the Finnish Energy Authority (the national regulatory authority in Finland) prior to their
entry into force and therefore, the terms and conditions of the market model may be considered final
only after the regulatory approval process.

Information packages are targeted particularly to market participants and project developers, but also
other stakeholders, such as regulators, investors, municipal actors, equipment suppliers, and research
institutes can benefit from the document and are invited to the dialogue.

The first information package provides general viewpoints on the development of hydrogen economy
and hydrogen transmission network in Finland, and in the broader scale in the Baltic Sea region and in
the European Union. The development approach of the hydrogen transmission infrastructure is
described in Section 2. Section 3 presents the status and further steps in the collaborative commitment
process. The technical design principles of the hydrogen transmission network are summarised in
Section 4, while the status and processes of routing and permitting are described in Section 5. Sections
6 and 7 shed light on principles for connections and market model for hydrogen pipeline transmission,
respectively, as well as on Gasgrid’s first thoughts on them. The framework set in the EU hydrogen and
gas decarbonisation package (‘EU Gas Package’) as well as the progress of national legislative process
are opened in Section 8. The next steps in Gasgrid’s development work, the expectations on market

www.gasgrid.fi
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dialogue as well as the next information package are discussed in Section 9. Lastly, Section 10
introduces two market surveys for market stakeholders that Gasgrid launches.

Gasgrid warmly welcomes all market participants and stakeholders to engage in close dialogue to shape
the future hydrogen markets and create the hydrogen market model. We are not alone in this —
Gasgrid actively engages with international colleagues and sincere thanks for giving inspiration to this
document belongs to colleagues at Energinet in Denmark. Gasgrid acknowledges with appreciation the
co-funding provided by the Clean Hydrogen Partnership to support the work within BalticSeaH2 project.
Together, we can build a fair, efficient, and liquid market that supports Finland’s, the Baltic Sea region’s
and EU’s transition to a clean and safe energy system.

Issued in Espoo, Finland on 5 September 2025.

Disclaimer: The content of this information package is intended solely for informational purposes and
does not constitute any rights or obligations for any parties. The information provided herein is subject
to updates and may differ from the final terms and conditions, which must be approved by the Finnish
Energy Authority prior to their entry into force.

While the development of the hydrogen market is dependent on all market participants, Gasgrid is
responsible for setting the conditions for the market participants on how to access the hydrogen
network. For the sake of clarity, Gasgrid does not participate in the formulation of market
mechanisms or rules regarding hydrogen production and supply. Such matters fall outside the scope
of Gasgrid’s role and responsibilities in hydrogen market development.

www.gasgrid.fi
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Introduction

Finland is well-positioned to be a forerunner in European hydrogen economy

Europe is undergoing a profound transformation of its energy system, driven by changes in the
operating environment, a tighter energy and security policy situation as well as the European
Commission’s REPowerEU plan, which aims to improve Europe’s energy self-sufficiency, reduce
greenhouse gas emissions and achieve climate neutrality by 2050. Hydrogen is one of the options to
decarbonise, alongside electrification and carbon removal solutions. EU has set a target of producing 10
million tons of renewable hydrogen domestically and importing an additional 10 million tons by 2030.1
By 2050, renewable hydrogen is expected to cover around 10% of the EU’s total energy needs,
significantly contributing to the decarbonisation of energy-intensive industries and long-distance
transport. Hydrogen and renewable energy also play an important role reducing the dependency on
fossil fuels. An energy system with versatile solutions and diverse energy transmission options,
improves resilience and energy security, both increasingly important today.

Finland targets to produce 10% of EU’s renewable and low-carbon hydrogen. Finland also aims to have
a significant role in producing high-value products based on renewable energy and hydrogen to enable
economic growth, strengthen industrial competitiveness, and support the green transition across
Europe. Finland is well positioned in achieving this target. At the heart of Finland’s hydrogen potential
lies its capacity for renewable electricity generation, in particular based on rapidly expanding wind
power. The installed wind power capacity was 8,358 MW? in the end of 2024 and expected to reach
around 9,400 MW by the end of 20253. Industrial scale solar power capacity was 251 MW in June 2025,
while projects with capacity of 23,300 MW are in the pipeline.* Finland’s electricity prices are among
the most competitive in Europe (third cheapest in 2024 with average price of 45.6 €/MWh?3), thanks to
a well-functioning market, electricity network and abundant renewable supply. This cost advantage
enhances the feasibility of producing green hydrogen and its derivatives, such as synthetic methane
and e-fuels, which are essential for decarbonising hard-to-abate sectors like heavy industry and
aviation. Finland is uniquely positioned to become a European leader in the hydrogen economy, not
only due to its abundant renewable energy resources and competitive electricity market, but also
through its availability of biogenic carbon dioxide (CO,) and district heating infrastructure which are
critical enablers for hydrogen derivatives and energy efficiency.

Infrastructure development is central to enabling industrial investments and creating value chains for
high-value hydrogen derivatives. The Finnish hydrogen network is being designed to connect hydrogen
production — often located near wind power production — with consumption centers locally and
nationally. The hydrogen network aims to support the development of local ecosystems in industrial
parks and hydrogen valleys, taking also in the account the local CO, streams.

The Finnish hydrogen network is designed to have interconnectors to ensure producers and consumers
can connect with each other and have access to storages. An interconnected hydrogen market also
enables liquidity and opportunities both for import and export depending on market conditions. The

1 European Commission. Hydrogen. Available at: https://energy.ec.europa.eu/topics/eus-energy-system/hydrogen en

2 Finnish Energy. Tuulivoima. Available at: https://energia.fi/energiatietoa/energiantuotanto/sahkontuotanto/tuulivoima

3 Renewables Finland. (3.7.2025). Wind power statistics 06/2025. Available at: https://suomenuusiutuvat.fi/en/wind-power-statistics-06-2025
4 Renewables Finland. Aurinkovoima. Available at: https://suomenuusiutuvat.fi/aurinkovoima/yleista-aurinkovoimasta

°> Finnish Energy. Sdhkon hintatilastot 2024. Available at: https://energia fi/tilastot/sahkotilastot/sahkon-hintatilasto

www.gasgrid.fi
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infrastructure enables the development of a wider market, supports security of supply and energy self-
sufficiency, and mitigates risks for individual market participants. Countries across the Baltic Sea region
are actively developing their national hydrogen infrastructures and Finland is taking part in this broader
initiative, connecting renewable production hubs with key demand centers across the Baltic Sea region.

Gasgrid’s development approach

Gasgrid’s vision for 2035 is Gases enable a carbon-neutral society — we provide a foundation for it. We
offer our customers safe, secure, reliable and cost-efficient transmission of gases. We promote the
carbon-neutral energy and raw materials system of the future by actively developing our transmission
platform, services and the gas market in a customer-oriented manner.

Gasgrid has been mandated by the Finnish government to develop hydrogen valleys, the national
hydrogen infrastructure connecting hydrogen valleys and industrial parks as well as continuing the
collaboration in development of the broader Baltic Sea region hydrogen market. Decisions made in the
Finnish Government’s mid-term review in 2025 reinforces Gasgrid’s strategy and supports the
company’s objective to promote the creation of a new hydrogen and hydrogen derivatives industry in
scale in Finland.

To achieve an attractive national investment environment, Gasgrid accelerates the development of the
Finnish hydrogen derivatives value chains through regional hydrogen valley development and cross-
border infrastructure projects, which require international capital and demand. The primary goal is to
accelerate investments in high-value hydrogen derivatives production by creating attractive and
predictable hydrogen markets and investment conditions in Finland. A well-functioning and efficient
energy system is key in enabling investments to electricity and its refining. Therefore, Gasgrid and
Fingrid, the electricity transmission system operator (TSO), are developing the energy system and
markets according to the Finnish Government’s mandate and will continue their cooperation to
strengthen Finland’s energy system further. The companies will prepare a joint report for the Finnish
government during 2025 on the energy infrastructure required for industrial hydrogen investments
(including hydrogen and electricity networks) and additional investments for the years 2027-2035.

Gasgrid facilitates and enables the development of the hydrogen economy on multiple levels: regional,
national and international. Gasgrid’'s development approach includes developing the transmission
system on a multi-gas infrastructure basis, leveraging from the existing methane transmission
infrastructure and the multi-functionality of gases in a system. Both hydrogen and methane are
considered “molecule markets,” where pipeline infrastructures serve not only as a transmission
medium but also as a form of storage. Although separate infrastructures, operating both hydrogen and
methane networks within one company provides synergies and efficiency to the market. EU regulation
supports applying similar principles — such as entry-exit systems and balancing mechanisms — to both
networks. Gasgrid sees that the co-development of methane and hydrogen transmission opportunities
is integral for an attractive investment environment and for creating a sustainable and flexible energy
system.

9 (55)
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Overview of the physical hydrogen transmission network development
This Section explains the status of the physical hydrogen network development and the approach to
the simultaneous development at different levels, which must be well-coordinated (Figure 1).

Levels of the hydrogen network development

Regional hydrogen network National hydrogen network Baltic Sea region hydrogen network

Figure 1. The hydrogen transmission network is developed simultaneously at different levels. Regional
hydrogen network and the Finnish national hydrogen transmission network are part of the wider Baltic
Sea region wide network and European hydrogen backbone.

Regional development

Regional development is supporting the national hydrogen economy ramp-up through ensuring the
regional readiness to incorporate and leverage the upcoming transmission infrastructure on local level
in the municipalities. Therefore, regional development is carried out in close operation with various
stakeholders including both public and private sector. The primary purpose of the regional
development is to consolidate the national level market data into regional supply-demand scenarios to
give guidance both to technical planning as well as business development. The regional scenarios will
give indication e.g., of the connection types and transmission volumes, locations and schedules.

Depending on the needs, Gasgrid supports and participates in the local distribution network
development work with the relevant partners and ensures their timely access to the transmission
network. As the local hydrogen development projects progress there is a growing need for proactive
infrastructure planning, especially to align with local zoning requirements. The co-operative planning
supports local project development and paves the way for future investment opportunities. In many
municipalities, the planning has already begun with the help of consultants and working groups,
resulting in preliminary plans for local hydrogen distribution networks. Gasgrid supports this work by
participating in steering groups and sharing information e.g., on planning principles and technical
implementation.

The design, operation, and regulatory framework for regional hydrogen networks are still in early

development. Gasgrid actively supports initiatives aimed at establishing and operating such networks.
Gasgrid remains open to dialogue with market participants to explore future opportunities.

www.gasgrid.fi
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Regional development leverages support for municipalities’ needs when planning and implementing
their strategies regarding hydrogen economy. Gasgrid encourages regional actors to take initiative and
engage proactively in development efforts, offering support that aligns with each region’s state of
development. Accurate information and its timely communication between relevant stakeholders play
an essential role in ensuring acceptability and mutual trust on all levels.

2.2 Finnish hydrogen transmission network
The planned hydrogen transmission network spans approximately 1,600 km from Tornio through
Western Finland to the Porvoo region. Without optional routes, the network length is about 1,100 km.
Figure 2 presents Gasgrid’s preliminary routing plan, which also includes optional routes and branches
designed to connect hydrogen producers and end users to the network.

Figure 2. Gasgrid’s preliminary routing plan. The plan includes a few optional routes for EIA process, and
branches designed to connect hydrogen producers and end users to the network.

The development of the Finnish hydrogen transmission network is proceeding in phases (Figure 3) and

is currently in the feasibility phase, where the technical and economic viability of the transmission
network is being assessed.

www.gasgrid.fi
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Feasibility Basic Design Execution

= Economic and technical feasibility

* Financing options and public funding
requirements

Identification of initial and potential
future producers and consumers
Preliminary transmission volumes

and customer tariffs

Cost estimation and construction timeline
Permits, concessions, and land

use requirement

EIA process

= Technical design

= Obtaining main permits

= Detailed engineering

« Construction process plans « Permitting
* Procurement process plans * Land acguisition
* CAPEX & OPEX evaluations * Procurement

* Construction
Customer engagement

Focusing on reaching FID (Final

Investment Decision) at the end

of the phase

Figure 3. High-level description of the development phases of the Finnish hydrogen transmission

network.

The pipeline sections will be built in phases based on hydrogen market development scenarios. Gasgrid

is actively conducting extensive studies and assessments to support the publication of a more detailed
construction plan. The current target is that the national hydrogen transmission network will be in
operation in 2032. The construction timeline, based on current assumptions, is shown in Figure 4.

PROJECT SCHEDULE

National hydrogen infrastructure to be built in phases

Analysis of route

alternatives and
implementation of
consultations 2022-2024

2023
Market
consultation

2024-2025

®

More detailed design of
hydrogen pipeline and hydrogen
market development model

2025-2026

Validation and
continuation of
market consultations

First
investment
decision

Capacity bookings and
market model development

Functioning hydrogen
infrastructure
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Figure 4. Overall timeline of the development of the Finnish hydrogen market and hydrogen
transmission infrastructure. The schedule is a current estimate and can be specified.
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Baltic Sea region hydrogen infrastructure projects

Gasgrid, together with its partners, is developing three hydrogen pipeline infrastructure projects in the
Baltic Sea region (Figure 5). In April 2024, all three projects, namely Nordic Hydrogen Route, Nordic-
Baltic Hydrogen Corridor and Baltic Sea Hydrogen Collector, received the European Union’s Projects of
Common Interest (PCl) status. The status was the first step towards the EU’s Connecting Europe Facility
(CEF) financing and accelerated permit processes. In late 2024, all three projects filed CEF financing
applications and updated their PCl status applications. In January 2025, the projects were granted CEF
support totalling EUR 51.4 million. Receiving financing will allow conducting the studies and planning
that are required for making the final investment decisions.

— Nordic Hydrogen Route FINLAND
Bothnian Bay (NHR)

— Nordic-Baltic
Hydrogen Corridor

-... Baltic Sea Hydrogen
Collector (BHC)

SWEDEN

Co-funded by ey
the European Union

ESTONIA

LATVIA|

LITHUANIA

Figure 5. lllustrative routes of the three Baltic Sea region hydrogen pipeline infrastructure projects. The
routing plans will be updated at the feasibility phases of the projects.

Nordic Hydrogen Route — Bothnian Bay (NHR)

The Nordic Hydrogen Route is an initiative between Gasgrid and Nordion Energi to accelerate the
creation of a hydrogen economy by building a cross-border hydrogen infrastructure in the Bothnian Bay
region and an open hydrogen market by early 2030’s. The core route will be along the coastline from
Vaasa to Ornskéldsvik, with a branch to Kiruna, making the total length approximately 1,400 km. The
length of the NHR pipeline in Finnish side is approximately 530 km and it will be part of the Finnish
hydrogen transmission network.

The NHR project is currently in the feasibility phase, with common commercial discussions and studies,
such as market studies, and cross-border engineering and permitting activities in Tornio River together
with consortium partner Nordion. Public consultations for the Finnish section of the NHR route are
scheduled for early 2026. The feasibility phase is aimed to be completed during 2026.

Nordic-Baltic Hydrogen Corridor (NBHC)

The goal of the Nordic-Baltic Hydrogen Corridor project is to develop hydrogen infrastructure that

connects hydrogen markets of Finland, Estonia, Latvia, Lithuania, Poland and Germany by the early
2030’s. The project parties are gas transmission system operators (TSOs): Gasgrid (Finland), Elering
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(Estonia), Conexus Baltic Grid (Latvia), Amber Grid (Lithuania), GAZ-SYSTEM (Poland) and ONTRAS
(Germany). Gasgrid’s share is particularly related to the development of the hydrogen transmission
network covering the whole of Southern Finland and the market in the Baltic Sea region. The total
length of the NBHC pipeline is approximately 2,500 km.

The NBHC has entered the feasibility phase, with joint techno-economic studies amongst the six project
promoters. The studies consist of both national and cross-border study scopes which will allow the
project to form a comprehensive feasibility view which sufficiently considers national development
conditions. During the feasibility phase, stakeholders across the public and private sectors will be
invited to contribute to the process, ensuring that the project aligns with local needs, environmental
standards, and long-term strategic goals. The feasibility phase is aimed to be completed in early 2027.

Baltic Sea Hydrogen Collector (BHC)

The Baltic Sea Hydrogen Collector is Gasgrid Finland’s, Nordion Energi’s and Copenhagen Infrastructure
Partners’ (CIP) hydrogen infrastructure development project to build offshore hydrogen pipeline
infrastructure between Finland, Sweden and Germany by early 2030’s. Gasgrid focuses on enabling the
utilisation of wind power in Finland’s maritime areas and the development of the market in the Baltic
Sea region. BHC consists of two main sections, one between Sweden and Finland and one between
Finland and Germany. The project currently focuses on the section between Finland and Germany, total
length of this pipeline being around 950 km.
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Pathway towards connecting to the hydrogen transmission network
Gasgrid invites the future hydrogen market participants to join a collaborative commitment process. It
is a stepwise approach, which aims to support the market participants to develop their business and
technical plans together with Gasgrid’s hydrogen network development. The technical, commercial and
contractual commitment level in both sides increases as development progresses from early phases to
execution and operation. When matching the user connections’ needs to overall hydrogen
infrastructure development in a timely manner, future users can be assured that the connections and
hydrogen network are available when needed, with contracts, and commercial and technical

connection rules in place. Figure 6 indicates Gasgrid’s current view on the collaborative commitment

process.

Lt | Indications Sl

)
Co-operative planning Committed collaboration
Value for * Commencing capacity booking * Detailed connection principles
customer procedure * Tariffs, market design and
* Preliminary connection operative model prepared for
principles FID

Creation of joint timelines
between the customer and

lointly agreed connection
design and execution model

Gasgrid + Connection timeline

* Indications on tariffs, market * Engineering details for
design and operative model the connection incl.

* Engineering phases deepening procurement plans

the routing planning with more
concrete level of details

Customer input Preliminary = Binding Fixed timelines provided

capacity capacity * Qperative model and services
booking booking agreed
* Timeline * Detailed + Ownership structure agreed
provided timeline + Transfer fees and cost sharing
* Detailed provided agreed
design + Design
assumptions data locked
provided
Phase & Feasibility Basic Design Basic Design (before FID)
Duration 9-12 months 12-18 months ~1-3 months
Contractual Binding COA Binding project contract
status Capacity bookings Preliminary connection agreement
Gasgrid’s » Match-making producers and end-users on regional level
continuous = Bilateral market participant discussions, provision of technical and commercial details under NDA
market = Continuous network routing development through market survey and dialogue
development = Joint development of terms and conditions for hydrogen market

COA — Co-Operation Agreement, FID — Final investment Decision, LOi — Letter of Intent, NDA — Non-Disclosure Agreement

Figure 6. Gasgrid’s current view on the collaborative commitment process that is to be further detailed.

Gasgrid’s collaborative commitment process elements at early development phase are Gasgrid’s
market survey, Letter of Intent (Lol) and connection evaluation, and market participant discussions.
During the development phases towards FID, the collaborative commitment process aims to develop
more towards a process that accelerates and enables the market ramp-up in co-operation with market
participants.
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1. Market survey

Gasgrid is continuously collecting indications about the demand for hydrogen transmission capacity
from market participants and project developers through a market survey®, which has been ongoing
since 2023. The survey remains open, with individual responses treated as private and only aggregated
data published. Key data points include:

e Volumes of hydrogen production and/or consumption
e Target year for operational launch

e  Facility location

The results of the market survey cannot be translated directly into capacity bookings or contracts
because the market survey has no legal nor financial commitments. The results of the market survey
do, however, provide a view of the location, scale, and maturity of demand for the national hydrogen
network.

2. Letter of Intent (Lol) and connection evaluation

As another part of Gasgrid’s user engagement work, Gasgrid is collecting Letters of Intent (Lols). The
purpose of Lol is to establish a framework for collaboration and information sharing between Gasgrid
and market participants in the development of hydrogen infrastructure and markets in Finland and the
Baltic Sea region. When signing a non-binding Lol, Gasgrid conducts, without monetary commitment
from the market participant, a concept level connection evaluation study based on the initial data from
the market participant. The study provides a technical concept of what connection infrastructure is
needed for hydrogen producer or end user to be connected to the hydrogen network. Additionally, it
provides initial information on e.g., routing and land use, schedule and other possible observations. The
aim of the study is to create a joint view on connection potential and to enable the market participants’
and Gasgrid’s developments to proceed.

3. Market participant discussions

Industrial actors as well as regions have been involved in the planning of the national hydrogen
network. Gasgrid has been systematically engaging in discussions with potential customers and project
developers throughout the hydrogen network development process, with customer-centricity at the
core of the development. Gasgrid encourages stakeholders to contact Gasgrid regarding the planning of
sites and facilities and in general regarding hydrogen development activities. By providing project
development information, Gasgrid is able to take the needs of the projects into account in its network
and route planning.

When moving further to reservations, Gasgrid’s and future users' commitment to the pipeline and
connection development increases with levels of contractual commitments. Capacity booking
procedure and project contracts are part of the pathway and the contracts become more binding as
the projects proceed. For example, before entering feasibility phase (see Figure 6 Collaborative
commitment process), co-operation agreement will be signed where project details are described, and

6 Link to Gasgrid’s hydrogen market survey: Hydrogen Network development in Finland (Market Consultation)
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joint targets and outcomes are agreed. As hydrogen transmission network development progresses and
becomes more detailed, Gasgrid is able to provide more information to potential users. This enables
the creation of joint timelines and both parties to move to the next project phases. At the same time as
Gasgrid’s planning proceeds, the future users are expected to develop their own plant projects and
their connectability to the pipeline infrastructure within the agreed schedule.

By following the agreed pathway, Gasgrid and future system users are able to develop technical and
commercial details of the connection and agree necessary agreements prior to final investment
decisions. Collaboration is a key to successful execution of the development paving the way to smooth
operational ways of working.
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Technical design principles of the Finnish hydrogen transmission network
This Section describes the current view on the key technical design principles for the development of
the Finnish hydrogen transmission network. While the Finnish hydrogen transmission network is
primarily planned as a new-built infrastructure also the potential and feasibility of converting existing
methane pipelines to hydrogen transmission pipelines is evaluated. Blending hydrogen into the
methane infrastructure is not considered as a viable solution to transport hydrogen in Finland.’

Repurposing potential

Repurpose refers to the process of converting existing methane pipelines and infrastructure to
transport hydrogen instead. This involves several key steps and considerations to ensure that the
infrastructure can safely and efficiently handle hydrogen, which has different properties and
requirements compared to methane. Repurposing offers several specific benefits in terms of cost
savings, time efficiency, environmental impact, utilization of existing infrastructure, and technical
feasibility.

Gasgrid has evaluated the feasibility of repurposing existing methane infrastructure for hydrogen
transport in Finland. Total pipeline length of 200 km in the methane system was identified as
technically potential for the assessment. This limited amount of pipeline section is primarily due to the
concentration of the existing methane infrastructure in the southern part of Finland. Additionally, only
sections with double pipeline were considered for repurposing as the current methane infrastructure
will continue to be necessary in the future, alongside the new hydrogen pipeline infrastructure.

The utilization of the recognized repurpose potential is dependent on the locations of producers and
end users and requires a further thorough technical study to clarify the condition of the existing
pipeline and technical limitations. Typically, repurposed pipelines should be operated at lower pressure
levels and with lower pressure fluctuations compared to new pipelines. Gasgrid does not consider
repurposing as a large-scale solution for building the Finnish hydrogen transmission network, but the
potential will be considered case by case. Repurposing pipelines for new uses, such as hydrogen
transport, requires careful consideration of various factors to ensure safety, efficiency, and regulatory
compliance:

e Material compatibility: The pipeline material must be compatible with hydrogen to prevent
issues like embrittlement and cracking. This involves testing the materials in a hydrogen
environment to ensure they meet the required standards.

e  Pipeline condition: The current state of the pipeline must be thoroughly assessed, including the
identification of any defects or anomalies that could compromise safety and integrity.

e Operational history: The history of pressure fluctuations and other operational conditions
must be considered, as these can impact the pipeline's suitability for hydrogen transport.

e  Safety considerations: Risk Assessments must be performed to evaluate potential hazards and
understand the consequences of hydrogen pipeline failure.

7 Article 21 of Regulation (EU) 2024/1789 sets a Union-wide cap of 2% for hydrogen blending into the methane network at interconnection points
between Member States. This means that when hydrogen is injected into the methane network, the hydrogen content must not exceed 2% by
volume at these cross-border points.
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e Regulatory compliance: Adherence to local, national, and international regulations governing
the safe handling and transportation of hydrogen is essential.

Technical design principles

Hydrogen transmission in pipelines is not something completely new in Finland. Long-term experience
with design, construction and operation of methane transmission infrastructure creates a solid
background to design the hydrogen transmission infrastructure safely due to significant technical
similarities. Hydrogen has different properties compared to methane but with proper safety
management, hydrogen is safe to transport and use.

Key elements of Gasgrid’s hydrogen transmission pipeline (considers only onshore pipeline):

e  Maximum allowable operating pressure (MAOP) level is 80 barg
e  Pipelines are underground, protected, and marked
e Placement considers necessary safety distances

e Inspections and condition monitoring

Pressure and pressure fluctuation

The design pressure level for pipeline sections is currently 80 barg for onshore pipelines and 80-150 bar
for offshore pipelines. To ensure the safe operation of the pipeline throughout its planned lifecycle,
pressure fluctuations and their cycles have a significant impact. As hydrogen can diffuse into steel,
initiate cracking and cause steel to become brittle, pressure fluctuations and the number of cycles
greatly affect operational lifetime of the pipeline. The more stable the pressure level remains in the
transmission pipeline the less harmful properties of hydrogen affect the pipeline material.

Studies are still ongoing regarding the level of pressure fluctuations and their frequency. The outcome
of these studies will provide insights into the allowable and acceptable impacts on the lifecycle of pipe
material.

Transmission and linepack capacity

The transmission capacity and the linepack capacity, i.e., storage of hydrogen in the pipelines, largely
depends on the pipeline dimension and the minimum and maximum pressure levels used. The pipeline
design utilises volumetric and effective values of hydrogen production and demand as the preliminary
data. A certain minimum pressure and pressure difference will be needed to transport hydrogen from
producers to end users. Linepack will be defined by multiple design factors, including pipeline pressure
level and dimension, and transmission infrastructure configuration (e.g., delivery points, pipeline
compressor stations). Operational limitations, especially allowable pressure fluctuations, and CapEx
that grows with increasing pipeline diameter limit the practical linepack capacity. The linepack capacity
in the Finnish hydrogen transmission network will be defined in the infrastructure design process.
While linepack shall not be considered as a large-scale hydrogen storage option, it has been recognised
as a central flexibility element that could benefit the market participants. Gasgrid is assessing both
technical and commercial utilisation models for the linepack capacity to valorise the flexibility for the
market participants.
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The transmission network pressure is generated by the injection (feeder) compressor stations at
hydrogen supply connection points. The transmission capacity will be increased with pipeline
compressors, which will be placed in optimal locations to compensate for pressure loss caused by flow
resistance. Gasgrid is assessing different options for investment schedule of compressor stations that
will affect the linepack capacity in the first years of the operation of the transmission network. In simple
terms, there are two alternatives:

1. Phase investments: The operating pressure will be the lowest reasonable to ensure hydrogen
delivery to the end users and to the export routes in the first years of the operation.
Investments in compression stations will be made when the volumes increase, and this will
also enable linepack capacity.

2. Maximise linepack capacity: Early investments to compressor stations will be made to
increase the pressure in the pipeline and enable maximal linepack capacity already in the
ramp-up phase. This provides flexibility to the first network users.

Based on market feedback and thorough assessments, Gasgrid aims to define the investment schedule
of compressors as a part of system design process during 2026 in alignment with the transmission
infrastructure feasibility phase.

Connection points

An individual hydrogen production or consumption facility connects to the hydrogen transmission
network through a designated interface point called a connection. Physical connections may include
single point connections through which a single system user is connected to the network, or interfaces
between different networks.

The single connection points for system users (i.e., users that have a direct physical connection to the
network) can be either pure production or consumption points or combination of both. The
combination is typically the case for system users that produce Power-to-X (PtX) products and may
have both production and consumption depending on the operating situation.

Another option for the hydrogen producer or end-user to connects to the hydrogen transmission
network is through a regional network. The main principle in the transmission network design is to
consider that the hydrogen produced in the regional network is mainly used within the region and the
regional network is balanced with injection from / feed to the transmission system. It is expected that
the operating pressure level in the regional network is typically lower than the transmission network
pressure level, and injection compressor station is required.

Typically, the connection points will have gas metering, pressure reduction and compressor stations to
enable different hydrogen transmission situations. Additionally, connection points will be equipped
with necessary closing valves, filtering and pigging facilities. As a general principle, Gasgrid is planning
the connection points for system users to be at the valve stations along the pipeline route. Each
connection will be assessed separately for the best operational, safe, environmentally acceptable and
economically efficient location.
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Hydrogen transmission network — a system user’s facility

Figure 7 shows on concept level how individual producer’s or end user’s facility can be connected to
the hydrogen transmission network.
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Figure 7. Concept level illustration of single point connections.

Hydrogen transmission network — a regional network

Figure 8 shows on concept level how regional networks can be connected to the hydrogen transmission
network and user metering stations at facility sites.
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Figure 8. Concept level illustration of a regional network connection.
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Material selection
Hydrogen embrittlement

Hydrogen embrittlement is one of the main concerns when designing hydrogen pipelines and selecting
the pipeline material. Due to the small size of hydrogen molecules, they can diffuse to steel, leading to
deterioration in the material’s mechanical properties and initiation of cracks. This can compromise the
integrity and safety of pipelines, potentially causing leaks or failures. Hydrogen embrittlement can be
particularly problematic in pipelines because they are often subjected to high pressures and fluctuating
conditions. The risk is influenced by various factors, including the type of steel used, operating
pressure, and temperature. However, while hydrogen embrittlement poses a challenge, with proper
material selection, protective measures, and preventive maintenance and monitoring, the safe and
reliable transportation of hydrogen through pipelines can be achieved.

Basis of pipeline material selection

Selecting the correct pipeline material is a crucial aspect of hydrogen transmission. The selected
pipeline material must be suitable for hydrogen transmission in the designed operating conditions and
must resist the effects of hydrogen on the material. The transfer pipeline must be safely operable
throughout its planned lifecycle.

In material selection, the operating conditions of the system should be considered, including maximum
pressure level, pressure fluctuations and their magnitude, hydrogen quality, and operating temperature
ranges.

The carbon steel grades suitable for use as hydrogen transmission pipeline material are the same as
used in methane transmission. International standards (such as ASME B31.12 and API5L) and research
results indicate that lower-strength carbon steel grades should be preferred due to their better
resistance to hydrogen embrittlement and other fracture mechanisms. However, the final material
selections should consider the operating conditions of the planned infrastructure and its intended
lifecycle.

Internal / external protection

The hydrogen transmission pipeline is protected against corrosion and external stress with paint and
polyethylene coating. External stresses are applied to the underground pipeline from natural
environmental conditions and possible events caused by third parties (the most common event is
excavation work where the pipeline surface is struck). The location of the transmission pipelines will be
visibly marked at the ground level and covered with a thick layer of soil. Authorization is required for all
construction and working in the vicinity of the pipeline.

Another purpose of the external coating is to prevent the formation of corrosion mechanisms in
situations where the bare carbon steel pipeline material would come into direct contact with the soil.
The hydrogen transmission pipeline is also equipped with a cathodic protection system, which aims to
slow down the corrosion caused by possible external coating damage. The internal coating of the
hydrogen transmission pipeline is epoxy paint, which primary purpose is to reduce flow resistance.
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4.3 Hydrogen safety

4.3.1 Safety legislation framework in Finland
Finland has no separate legislation for hydrogen, but hydrogen is considered a hazardous chemical like
other flammable gases. Hydrogen safety currently relies on existing chemical safety legislation.

There is currently no specific safety legislation for hydrogen transmission systems (compared to
methane). In practice, however, the methane legislation is relied upon for the time being, and technical
solutions from the methane sector are followed as a starting point.

Hierarchy of the most important chemical safety legislation regarding hydrogen infrastructure is shown
in Figure 9.

!

SEVESO Il -directive (2012/18/EU)
|
Act on the safety of handling dangerous chemicals and explosives (390/2005)

The Government Decree on The Government Decre:

the control of handling and storage the safety requi

of dangerous chemicals industrial pro g p
(685/2015) of hazardous chemicals
(856/2012)

Figure 9. Hierarchy of the most important chemical safety legislation related to hydrogen infrastructure.

In addition, there are several other regulations that must be considered, e.g., ATEX (ATmosphéres
EXplosibles), pressure equipment regulations, rescue preparedness regulations, environmental
regulations, and building regulations.

The Finnish government has recognized the need to develop hydrogen safety legislation, and it is
expected that supplementary legislation related to hydrogen will be established in the future.

4.3.2 Safety guidelines and standards for hydrogen infrastructure
The Finnish Safety and Chemicals Agency (Tukes) acts as the supervisory authority for chemical safety.
Tukes has published a hydrogen guide, ‘Safety of hydrogen handling and storage’®.

The guide presents hydrogen production, transmission, and distribution methods and safe solutions for
them. The purpose of the guide is to provide basic information about hydrogen and its hazards and
specific properties to be considered in the production and use of hydrogen. The aim is also to clarify the

8 Tukes. (23.1.2024). Safety of hydrogen handling and storage. Available at: https://tukes.fi/en/safety-of-hydrogen-handling-and-storage
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regulations concerning the location of hydrogen plants and distribution stations and to present safety
aspects to be considered in the design process.

Hydrogen standards already exist, but some of them also need to be updated. Tukes recommends using
the standards to support planning and implementation. A tentative list of hydrogen standards and
related guidelines that operators can utilise is part of the current guideline. An official approved list of
standards or frameworks is not yet available.

Gasgrid is actively engaging in discussions with Tukes and other stakeholders regarding safety issues
related to hydrogen pipelines and infrastructure. Through this approach, Gasgrid is contributing to the
creation of a safe hydrogen infrastructure.

Hydrogen safety and risks

Long-standing project and design practices in the oil and gas industry support in defining safety
management practices for hydrogen. Technical standards and comprehensive risk management
procedures form the foundation for safety management.

Hydrogen risk management principles:

e |dentify risks, potential accident scenarios, and understand their impacts
e Manage risks through measures, planning, and anticipation
e  Ensure compliance and integrity
e Detect, prevent, and control leaks
e Hazards and preparedness — training and guidance
Hydrogen safety at Gasgrid is based on identifying the risks, potential damage and accident scenarios —

and on understanding their implications. The properties of hydrogen (Table 1) differ from those of
methane and hydrogen requires special attention in the event of any leaks.
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Table 1. Properties of hydrogen.®
Property Hydrogen (H3) Methane (CH,) Notes
Density 0.09 kg/m3 0.73 kg/m?3 Hydrogen is significantly lighter
Relative densi Hydrogen rises faster in the
. 1y 14 times lighter 1.7 times lighter VeI
to air atmosphere
» . . . Both remain gaseous under
Boiling point -253 °C -162 °C - -
standard pipeline conditions
Hydrogen's energy content is
Energy content 10.8 MJ/m3 36 MJ/m3 Y g By )
approximately three times lower
Min. ignition energy L :
in ai 0.017 mJ 0.3 mlJ Hydrogen ignites more easily
in air
Laminar combustion Hydrogen exhibits a higher
2.7 m/s 0.4 m/s .
rate reactivity
Ignition range, Hydrogen has a significantl
5 88 475 5-15% Yaros & /
concentration in air broader range for combustion
L Extremely Extremely Both gases share the same
Hazard classification o
flammable gas flammable gas classification

Hydrogen quality requirements

According to Article 55 of Regulation (EU) 2024/1789 HTNOs shall cooperate to avoid restrictions to
cross-border flows of hydrogen due to hydrogen quality differences in order to meet the quality
requirements of different end use applications in line with the applicable hydrogen quality standards.
ENNOH will develop a network code for interoperability of hydrogen, which will address hydrogen quality
issues. Hydrogen quality is likely to be set in the next update of the CEN TS 17977 (2023). It is expected
that the European Commission will give a mandate to CEN-CENELEC to develop a harmonised standard
on hydrogen purity, which may in turn become an imposed standard at cross-border interconnections.
On the European level, discussions are taking place about the possibility to increase the level of purity
from 98% to 99.5% in the standard. However, the development of the standardisation process is at early
stages.

Gasgrid aims to coordinate the hydrogen quality requirement at interconnection points with the HTNOs
of the neighbouring countries to avoid cross-border flow restrictions and guarantee efficient
interoperability. A transparent hydrogen quality specification will create a level playing field for the
market participants, guarantee the pipeline integrity, and ensure that the hydrogen meets the quality
requirements of the end users’ equipment. Gasgrid sees that it is important to formulate a view on the
national techno-economic optimal purity level and quality in the network. This well depend on the
portfolio of hydrogen production technologies, end use processes as well as other facilities, including
storages and terminals, and related volumes. The outcome will define the hydrogen purification
requirements and where the purification equipment are needed along the value chains.

In order to collect market’s views on the future technical specification for hydrogen quality, Gasgrid
launches a market survey on the topic (see Section 10) and welcomes feedback from the future market

9 Tukes. (23.1.2024). Safety of hydrogen handling and storage. Available at: https://tukes.fi/en/safety-of-hydrogen-handling-and-storage
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participants. The preliminary proposal to be used as a reference for the discussion is based on a technical
specification proposed in the Netherlands and shown in Table 2.

Table 2. Preliminary proposal for hydrogen quality specification for market participants’ feedback.

Component Unit Value
Hydrogen (Ha) mol-% >99.5
Total sum of hydrocarbons (including CHa4) mol-% <0.5
Oxygen (0,) ppm <10
Total sum of inerts (N3, He, Ar) mol-% <0.5
Carbon dioxide (CO;) mol ppm <20
Carbon monoxide (CO) mol ppm <20
Total sulphur including H,S mol ppm <3
Formic acid (CH3OO0H) ppm <10
Formaldehyde (CH,0) ppm <10
Ammonia (NHz) ppm <10
Halogenated compounds ppm <0.05
Water dewpoint (H,0) °C <-8
Hydrocarbon dewpoint °C <2
Wobbe index MJ/m3 (n) 45.99-48.35

Large-scale hydrogen storage

Large-scale hydrogen storage is a critical component for the development of a hydrogen economy,
enabling the balancing of supply and demand, and ensuring a reliable energy supply. Hydrogen is
mainly stored as pressurized gas, and the typical storage pressure is between 200 and 700 bar. There
are different options for large-scale hydrogen storage such as compressed hydrogen gas storage in
high-pressure tanks and underground hydrogen storage where large quantities of hydrogen can be
stored in underground geological formations. Two main underground storage types are salt rock
caverns and lined rock caverns (LRC).

Salt caverns are created by dissolving salt deposits with water to form large, hollow spaces
underground. These caverns offer high integrity and low permeability, making them ideal for storing
hydrogen at high pressures with minimal leakage. They are relatively cost-effective to construct and
maintain but, however, their use is limited to regions with suitable salt formations. Finland’s geological
formations do not include significant deposits of salt rock and thus, steel-lined rock caverns are the
possible geological storage forms. LRCs are engineered underground spaces lined typically with steel to
store hydrogen safely. These caverns provide high safety and integrity due to the robust steel lining,
making them suitable for high-pressure storage. An on-going LRC pilot is the HYBRIT initiative in
Sweden, which involves storing fossil-free hydrogen in a steel-lined rock cavern for the needs of fossil-
free steelmaking process.
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Gasgrid follows the research and development work related to the hydrogen storage technologies. °
For the time being, Gasgrid is not planning to design, build or operate a large-scale hydrogen storage
facility. However, Gasgrid considers it important to support storage initiatives to accelerate the overall
hydrogen economy development as well as to take potential projects into account in transmission
network design. According to the EU Gas Package, large-scale underground hydrogen storage facilities
shall be connected to the transmission network and regulated third-party access shall be applied.

10 0On-going projects include Hydrogen UnderGround (HUG) (https://www.hug-h2storage.fi/) research project led by Technical Research Centre of

Finland (VTT).
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Routing and permitting processes

Routing principles

The starting point for designing the national hydrogen transmission network has been to enable
sustainably founded hydrogen business operations, meaning the identification of hydrogen production
and consumption points and connecting them in a socially and environmentally sustainable way
through a national transmission network. Safety, land use, and environmental considerations guide the
placement of the transmission pipeline.

At this stage, the design, construction, and operational safety of the hydrogen pipelines are largely
based on the legislation applicable to methane pipelines, as there is currently no specific legislation
applicable for hydrogen pipelines. The need to supplement and amend safety legislation to account for
hydrogen has been identified by authorities. According to Gasgrid’s current understanding,
requirements related to hydrogen will be addressed as part of national regulatory development.

In planning the pipeline route, publicly available data, such as information on settlements and the
environment, as well as input from stakeholders, such as various land use needs and plans, have been
utilised. Gasgrid sees the landowners and citizens as important stakeholders with relevant knowledge
when it comes to routing. There is plenty of opportunities for them to share their ideas with Gasgrid.

Constructability has been considered in the routing by directing the route to stable building grounds,
avoiding swamps and steep slopes. Farmland is preferred in route planning, as the pipeline does not
impose restrictions on agriculture during its operation. This also helps to reduce forest loss caused by
the construction of the transmission pipeline.

Current routing plan
The route (Figure 10) will be further developed during and after the Environmental Impact Assessment
(EIA) process and landowner hearings.

Permitting

Gasgrid has started the permitting of the national hydrogen transmission network by initiating EIA
process. For this purpose, the national hydrogen transmission network has been divided into five
sections: Sea Lapland, Northern Ostrobothnia, Western Finland, Southwestern Finland, and Southern
Finland (Figure 10). Gasgrid’s scope of permitting includes transmission pipelines, excluding individual
connections.
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EIA procedures:

O s Lopiona

@ Vortnern Ostrobothnia

@ veestern Finland

@ southwester Finland

@ southern Finland

Figure 10. The hydrogen infrastructure route has been divided into five EIA regions and assessment will
proceed in all of them simultaneously.

The EIA processes for all sections began in the spring of 2025. The current estimate is that the EIA
programs will be published between fall 2025 and early spring 2026, and the EIA reports will be
released between fall 2026 and spring 2027. The route plan subject to permitting is preliminary and
includes some alternative routes. The final route to be constructed will be specified at a later stage of
the planning.

Land use
Land for onshore pipeline route is planned to be secured via an expropriation permit. The permit and
procedures will be carried out in accordance with the Act on the Redemption of Immoveable Property

and Special Rights (603/1977). The exact pipeline route will be finalized before applying for the permit.

Route planning during the project is conducted in close collaboration with relevant stakeholders. The
route alignment during the EIA phase is negotiated jointly with municipalities and regional councils. An
interactive approach is preferred throughout this process to facilitate effective communication and
cooperation. Before applying for the expropriation permit, a research permit must be obtained from
the National Land Survey of Finland.

The route will be further refined through consultations with landowners in dedicated landowner
meetings. Based on these discussions, the route alignment will be detailed further, and this plan will
serve as the basis for applying for an expropriation permit from the Ministry of Employment and the

29 (55)
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Economy of Finland. The estimated handling time for the expropriation permit application is
approximately 12—18 months.

Land for compressor stations will be secured through acquisition or leasing. Discussions with
landowners will commence prior to the Environmental Impact Assessment (EIA) process for the
compressor stations, and land access will be arranged once the station locations are finalized. Areas
designated solely for construction purposes such as storage sites and construction offices will be
leased, and these will be identified in later project stages. Additionally, compressor stations may
require a new zoning plan, and the permit process typically takes between 1 and 1.5 years.
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Connection principles

This Section describes Gasgrid’s initial plans for connecting future hydrogen system users, i.e., facilities
with physical connection, to the Finnish hydrogen transmission network. The future Hydrogen Market
Act, that is currently under preparation, will give a framework for the connection requirements, while
further terms and conditions for connecting system users to the network will be developed in close
collaboration with the market participants, and with national regulatory authority, namely Finnish
Energy Authority.

Expected connection principles

Commercial and technical connection principles will eventually outline the terms and conditions under
which the system users can connect to the hydrogen transmission network. The commercial principles
cover topics such as ownership of connecting pipelines and compressor units, rights and responsibilities
of each market participant regarding the connection, connection fees, and the connection and
framework agreements.

The connection principles for hydrogen transmission network follow closely those of the methane
network when possible. In accordance with the EU Gas Package, HTNOs shall connect technically
compliant facilities—such as hydrogen producers, users and storage sites—to the hydrogen
transmission network under fair, objective, and non-discriminatory terms, ensuring system reliability
and openness. HTNOs are also obligated to maintain and develop the network to support supply
security, future demand, and market efficiency.

The challenges for system users to plan, build and operate pipelines and compressor stations
connecting to the hydrogen infrastructure are known to Gasgrid which is why Gasgrid is actively
developing feasible solutions and concepts to enable hydrogen market development and ramp-up.
Gasgrid sees that it is important to support the early movers since they carry a greater business risk in
the market development phase, therefore Gasgrid is currently evaluating options and conditions under
which it could extend its network development to the connections. The commercial and technical
connection principles are subject to change according to feedback and guidance of market participants
and national regulatory authority (NRA).

Commercial connection principles

Gasgrid assesses system user connections through its development obligation, evaluating the value of
individual connections in relation to the overall market development. It is assumed that the
development obligation currently applied in the methane network will also apply to the hydrogen
network operator. If an individual connection enables the creation of the network, Gasgrid may
contribute to connection planning and investment costs under the development obligation. However,
the development obligation is not equivalent to that the hydrogen network will cover connection costs.
Such possibilities will be assessed on a case-by-case basis within the framework of the development
obligation. Gasgrid is currently evaluating commercial connection principles.

www.gasgrid.fi



/.\ Hydrogen Information Package for Market Participants 32 (55)
GASGRID ()

Version 1
September 2025

6.1.2 Technical connection principles
Gasgrid evaluates the technical connection principles in close collaboration with the system users
connecting to the network. The connection will be constructed in accordance with HTNO's delivery

limits and engineering principles. All hydrogen produced must be delivered in accordance with the
HTNO’s technical specifications, including, among others:

Hydrogen purity

Content

Pressure

e Temperature
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Market model for hydrogen pipeline transmission

This Section describes Gasgrid’s initial view about the future hydrogen market model that sets the
conditions for the market participants to operate in a well-functioning market. The future national
Hydrogen Market Act, that is currently under preparation, will give frames for the overall market model
in accordance with the EU Gas Package. The market model will be further developed in close
collaboration with the market participants through different consultation processes, and with national
regulatory authority, namely Finnish Energy Authority. Views described in this document create
background for the future terms and conditions for hydrogen market. Countries, such as Denmark,
Germany and Belgium, are already defining their market models and best practices can be
benchmarked.

General principles for the market model

The hydrogen market model covers, for instance, market access, market roles, a balancing model,
transmission services, and tariff design. The frames for the market model of the transmission services
are defined in the EU Gas Package, comprising Directive ((EU) 2024/1788) and Regulation ((EU)
2024/1789). The Directive is currently under transposition to the Finnish law. The market model will
also be affected by the EU network codes, which will be developed by European Network of Network
Operators of Hydrogen (ENNOH) with the evaluation of the European Union Agency for the
Cooperation of Energy Regulators (ACER) and approval of the European Commission. Gasgrid closely
follows and participates in the EU level development towards the market model and network codes and
actively participates in the preparation of the national Hydrogen Market Act.

The importance of the market model is acknowledged as a prerequisite for the market participants to
be able to plan their investments and business cases and to make long-term contracts for hydrogen
transmission services. For this reason, Gasgrid aims to share preliminary ideas of the market model
related topics as early as possible to reduce market uncertainty as well as to enhance market dialogue.
The existing and well-functioning methane market model can be used as a good starting point for the
hydrogen market, for instance the principles of the entry-exit model applied in the methane market
model are included also in the hydrogen market regulation. However, also the fundamental differences
in the market conditions must be counted for. The challenge is that the market rules are being
developed for infrastructure and market that do not yet exist, and the relevant regulation, for instance
the network codes, is still partly under development.

The overall market model principles presented in this Section will evolve over time and serve as a
precursor to the future terms and conditions for hydrogen market. Before that, different market
engagement and consultation processes will take place.

Approach to hydrogen market model development

The market model will be developed early enough in close collaboration with stakeholders in order to
support market creation and remove market uncertainties. The key design principle for the market
model is to determine rules which enable creation of competitive market, efficient market operations
without unnecessary restrictions and which are non-discriminatory. The market rules shall enable
flexible application of different business models for the market participants.

The hydrogen market develops over time, starting with a few customers and low liquidity, which will
increase over time. The market model shall be developed in a way to support both the market ramp-up
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phase and a more mature market with high volumes and liquidity. During the ramp-up phase, temporal
rules compatible with market with lower liquidity may be necessary. The share of domestic use and
export of hydrogen may change over time, and the market model shall support both strategies — as well
as momentary import of hydrogen. Harmonization and compatibility of the market model between
neighbouring countries and on EU level are advanced as early as possible to facilitate hydrogen trade
and transmission over country borders. In the years to come, hydrogen storages may be connected to
the national network. The target is to develop a market model that can accommodate these different
operational conditions. However, market rules are a dynamic document where amendments will be
implemented based on market development and when operational experience is gained both by
Gasgrid and the market participants. The neighbouring countries further develop their market models,
and EU level legislation, e.g., network codes, will be developed.

Hydrogen transmission in pipelines is a highly regulated business, and a good benchmark can be taken
from methane transmission. A key difference to the methane market is the close connection to
electricity markets via electrolyzers and the fact that production is geographically more decentralised
and likely volatile. The dynamic interactions between electricity and hydrogen markets do not concern
only trade of actual hydrogen commodity, but also hydrogen transmission. The hydrogen market model
shall be designed in a way to ensure compatibility between electricity and hydrogen markets and to
support overall energy system flexibility valorisation, while guaranteeing efficient hydrogen
transmission.

Entry-exit model

The future interconnected Finnish hydrogen network will be organised as a so-called entry-exit model,
which describes how market participants can access the hydrogen network (Figure 11). The entry-exit
model is already well-established in the methane market.!! In the entry-exit system, hydrogen flows
into the hydrogen network via entry points and out of the network via exit points. Entry points may
include points where domestic producers are connected directly to the transmission network or to the
distribution network, as well as interconnection points between Member States, hydrogen storages
and terminals. Exit points may include points where end users are connected directly to the
transmission network or to the distribution network, interconnection points, as well as hydrogen
storages and terminals. The model may also include virtual entry and exit points, in which certain
physical hydrogen injection or withdrawal points are aggregated as a one commercial entry or exit
point which would facilitate the operations of the market participants.

Network users book transmission capacity for any entry and exit points in the market area so that
hydrogen can be transmitted physically in the transmission system. Capacity can be booked for any
entry and exit point independent of each other. In the entry-exit system, physical and commercial
hydrogen flows will be separated from each other, which will provide efficiency and flexibility in
operations in the hydrogen market.

1 Gasgrid. Market model. Available at: https://gasgrid.fi/en/gas-market/market-model
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The entry-exit model could, for example, consist of the following points:

e Domestic production — Entry: Injection of hydrogen to the Finnish market area from domestic
production facilities. This point is anticipated not to be strictly limited to one physical location
in Finland, as hydrogen producers should be able to supply hydrogen to the market area
irrespective of their connection to the distribution or transmission network in Finland.

e Domestic consumption — Exit: Withdrawal of hydrogen in the exit zone for domestic
consumption. As with the point above this point is anticipated not to be strictly limited to one
physical location in Finland.

e Interconnection point FI-SE — Entry and Exit: Export of hydrogen from Finland to Sweden (Exit)
and import of hydrogen from Sweden to Finland (Entry) through Nordic Hydrogen Route (NHR)

e Interconnection point FI-EE — Entry and Exit: Export of hydrogen from Finland to Estonia (Exit)
and import of hydrogen from Estonia to Finland (Entry) through Nordic-Baltic Hydrogen
Corridor (NBHC)

e Interconnection point FI-SE — Entry and Exit: Export of hydrogen from Finland to Sweden (Exit)
and import of hydrogen from Sweden to Finland (Entry) through Baltic Sea Hydrogen Collector
(BHC)

e Interconnection point FI-DE — Entry and Exit: Export of hydrogen from Finland to Germany
(Exit) and import of hydrogen from Germany to Finland (Entry) through Baltic Sea Hydrogen
Collector (BHC)

e Hydrogen storage — Entry and Exit: Injection of hydrogen from the transmission network to the
storage (Exit) and withdrawal of hydrogen from storage to the transmission network (Entry).*2

e Hydrogen terminal — Entry and Exit: Injection of hydrogen from terminal to the transmission
network (Entry) or withdrawal of hydrogen from the transmission network to the terminal
(Exit). 13

e  Virtual Trading Point (VTP): Register of transactions both for bilateral over-the-counter trade
and for trades executed on a possible future hydrogen exchange.

12 At the moment, there is no published large-scale hydrogen storage projects on-going in Finland.
13 At the moment, there is no published hydrogen terminal projects on-going in Finland.
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Figure 11. lllustration of the entry-exit model for the Finnish entry-exit system.

The national entry-exit model will be applied at the latest from 1.1.2033 as regulated in the EU Gas
Package. The entry-exit system will encompass Finland's entire interconnected hydrogen network,
including both transmission and distribution. If there are geographically isolated networks, such as
unconnected hydrogen valleys, they may form separate entry-exit systems. The upcoming Hydrogen
Market Act will outline allowed exemptions for using the entry-exit system in limited geographic areas.

When the entry-exit system is fully implemented (at the latest on 1.1.2033), a virtual trading point
(VTP), similar to methane system, will be set up and maintained by the HTNO in accordance with the
requirements of the EU Gas Package. All hydrogen transfers taking place in the market area will be
registered with VTP. In practice, VTP is an information system where market participants report on
their hydrogen ownership transfers. This covers both bilateral trades and trades on the market
exchanges. All hydrogen injected into and withdrawn from the market area will commercially flow via
the VTP. VTP does not contain information about commodity prices, but the volumes per time
resolution.

Gasgrid is assessing the capabilities to introduce virtual entry and exit points to the extent possible. The
virtual entry and exit points would enable commercial access to the hydrogen market from multiple
physical injection or withdrawal points. These physical points may be connected to the transmission or
distribution networks. Regardless of the physical location, all physical entry or exit points belonging to
the virtual entry or exit point are aggregated and treated as a single virtual point. Virtual entry or exit
points would facilitate the operations of market participants, as network users do not need to book
capacity for each individual point separately. Instead, the capacity booking would be made for a virtual
point that covers physical points belonging to the virtual entry or exit point. There must be a
contractual relationship with one or multiple network users at each virtual entry or exit point. The
network user is responsible for booking entry or exit capacity at the entry or exit point. In the existing
methane market, the use of virtual entry and exit points has proven to be an effective solution. For
example, all gas users connected to the Finnish gas system form the Finnish exit zone. Market
participants acting as network users book exit capacity for the Finnish exit zone based on the estimated
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aggregated volume of their end user portfolio, rather than reserving exit capacity separately for each
individual end user of gas.

The frame for introducing the virtual entry and exit points is set by the physical characteristics of the
hydrogen network and the hydrogen producers and end users connected to it. The virtual entry and
exit points would enable benefits for the market by simplifying market operations. The network users
interact with one virtual point rather than managing multiple physical interfaces, thus reducing
administrative complexity and improving the operational efficiency of market participants in their day-
to-day activities. The virtualisation supports the integration of decentralised production and aligns with
EU legislation on third-party access and market liberalisation as the commercial principles (capacity
allocation, nomination) would be the same regardless of the location and size of the physical entry or
exit point.

Roles in the market model

Definitions of the roles in the market model are needed to understand how market participants can get
access to the Finnish hydrogen system, what are their rights and responsibilities, and which contractual
terms apply, for instance in measuring and invoicing. Defining the roles increases transparency and is a
prerequisite for contractual cooperation between the market participants and Gasgrid. In the end, the
market rules defining the cooperation between the market participants and Gasgrid will be confirmed
by the Energy Authority. The key regulatory principle for HTNOs is to ensure non-discriminatory third-
party access to the network.

The Finnish hydrogen network may consist of both transmission network, as well as connected
distribution networks.'* The roles described in Table 3 are relevant for the use of the hydrogen network
(Figure 12). The roles will be refined once the market evolves. The market participant can act in
multiple roles at the same time. For instance, a hydrogen producer who is directly connected to the
hydrogen transmission network and engaged in transporting hydrogen via the network will be both a
System User and a Network User. A market participant can also be a trader in the commodity market
without being involved in hydrogen transmission itself. The option for registering itself as a trader
provides more alternatives for the market participant to create the business model most suitable for
the participant.

Gasgrid as the HTNO enters into a framework agreement with each hydrogen market participant, in
which the responsibilities and obligations related to the respective market role are agreed upon.®®
Gasgrid does not participate in the hydrogen molecule market (i.e., production and supply), except for
balancing purposes, but provides transmission capacity to the market participants to transport
hydrogen within the hydrogen network. Besides transmission services, Gasgrid (upon the designation of
Energy Authority) is responsible for the technical functionality and reliability of the interconnected
hydrogen system. As part of this so-called system responsibility, Gasgrid also handles tasks related to
the balance responsibility and balance settlement of the hydrogen system, as well as the maintenance

14 Besides the interconnected hydrogen network, also separate distribution networks could potentially emerge. These networks mig ht serve smaller,
remote regional areas that are not linked to the main transmission network. Consequently, these isolated distribution networks would operate
independently and would not be integrated into the hydrogen market model, as they would function outside the wider interconnected hydrogen

system.

5 |In case a System User is physically connected to a distribution network, it isin a contractual relationship with the hydroge n distribution network

operator.
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of the virtual trading point and centralised data exchange. Services associated with system
responsibility are cost-neutral for network users, while transmission service tariffs are regulated and
provide the HTNO with allowed revenue.

Table 3. Roles in the market model anticipated in the Finnish hydrogen system. More detailed
descriptions based on regulation are given in the glossary.

Role in the market model Description of the role

Hydrogen Transmission Certified body that operates, develops and maintains the
Network Operator (HTNO) hydrogen transmission network.

Hydrogen Distribution Network  Body that operates, develops and maintains the hydrogen
Operator (HDNO) distribution network.

A customer or a potential customer of a hydrogen network
operator.

Network User

A natural or legal person injecting hydrogen to, or withdrawing
hydrogen from the hydrogen system, meaning hydrogen
producer or end user connecting directly to the Finnish hydrogen
System User
network. The separate roles of hydrogen producer and end user
will be further defined in the market model to take into account

their different characteristics and needs.

A market participant that carries out wholesale trading of

Trader hydrogen but does not enter into capacity agreements with
HTNO.
System User System User System User Regional
- Direct Hydrogen - Direct Hydrogen —Hydrogen Producer hydrogen
Producer End User and End User network

() TRANSMISSION Network TRANSMISSION )

User

Figure 12. Roles in the market model.
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Capacity products and allocation

Network users will be granted the right to transport hydrogen in the hydrogen transmission network by
booking transmission capacity products for the entry and exit points. It is crucial to define the capacity
products, and how they will be offered and allocated for the network users both under normal and
abnormal conditions. Capacity products and their booking and allocation methods are subject to
further legislation (future network codes) by the European Commission and the approval of the Energy
Authority.

Capacity products

Booking a capacity product gives the network user the right to inject and withdraw a certain amount of
hydrogen per hour'® at a certain point in the entry-exit system over a defined duration of time. For
network users, capacity products are relevant to all domestic entry and exit points and interconnection
points (entry and exit).

To transmit hydrogen, the network user shall book capacity and potentially indicate its utilisation as
separate steps:

1. The network user books capacity at selected points according to available capacity products
to the relevant points. The timeframe of the bookings can vary from years (binding
commitment process) to shorter times of even hours.

2. Closer to the delivery time of hydrogen, the network user may be required to inform how
much of the booked entry and exit capacity the network user wants to utilise per hour during
a given day at each entry and exit point. The information is delivered to Gasgrid as
nominations (day-ahead) and re-nominations (within-a-day). Nominations are required at
least at entry and exit points where more than one network user can inject or withdraw
hydrogen at the same time.

Capacity products will provide a large degree of flexibility to the network users within the frames of
booked capacity. While nominations are done for every hour of the next day, re-nominations allow the
user to change the nominations within the day of using the capacity.

The actual capacity products will be defined later in the network code for capacity allocation. Both firm
and uninterruptible capacity products will be offered for network users. Firm capacity is defined as
standard hydrogen transmission capacity contractually guaranteed as uninterruptible by the HTNO. The
firm capacity is aimed to be maximised. On the contrary, interruptible capacity means a special type of
hydrogen transmission capacity product that may be interrupted by the HTNO in accordance with the
conditions stipulated in the transport contract. It is typically priced with a rebate compared to firm
capacity. The target is to maximise the utilisation rate of the network with different capacity products
and mechanisms to use the capacity.

16 At this stage, the time resolution is expected to be one hour.
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It is expected that capacity will be provided with long-term and short-term products:

e Long-term products: The maximum duration for capacity contracts shall be 15 years?’,
comprising separate 1-year products. This provides flexibility for the network user to build a
desired portfolio for years ahead, especially during the market ramp-up phase.

e Short-term products: These will be further defined, but for example quarter, monthly, and
daily products are expected.

e Within-day products: It is expected that within-day products will have an important role in
connecting electricity and hydrogen markets. Gasgrid expects that at least hourly products will
be provided in the within-day market.

As a general pricing principle, the longer the capacity product duration is, the lower the unit cost is.

Capacity allocation

Capacity allocation mechanisms will be defined when the dynamics of the hydrogen market in terms of
hydrogen producers and users and the technical parameters of the network are clearer. The capacity
allocation mechanisms will also be determined in the network code for capacity allocation. As a general
principle, capacity allocation mechanisms shall ensure the most efficient allocation of capacity and use
of networks. The possibilities include for example auctions (especially when demand exceeds the offer),
pro-rata, implicit capacity allocation, and a first-come-first-served mechanism (especially when there is
no over-demand).

Balancing

Balancing model is one of the core elements of the hydrogen market model as it defines the rules on
how to keep the hydrogen network within its operational limits. The key design objective for the
balancing model is to find optimum between effective and secure transmission of hydrogen, while
providing system flexibility requested by the market participants. Gasgrid is at an early stage of
assessing the framework for the future balancing model. It is noted that close collaboration with the
market participants will be beneficial, especially to guarantee that the market model supports market
participants’ business models in the interphase of electricity and hydrogen markets. The final market
rules concerning balancing will be approved by the Finnish Energy Authority. A network code on
balancing on EU level will later provide necessary harmonisation of the rules across the EU.

Balancing model will set the responsibilities of the HTNO and the market participants. As for the
methane market, the EU Gas Package defines that balancing the hydrogen input and output is primarily
the responsibility of the network users, while the HTNO takes balancing actions in the case of
imbalance if necessary. The objective of the balance management model is to intervene in the market
with balance control measures as little as possible, but in the initial stages, maintaining network
balance may require greater intervention. The market rules shall define the mechanisms for balancing
actions both for network users and the HTNO. Hydrogen network operators shall be responsible for
balancing in the entry-exit system as from 1 January 2033, or as from an earlier date where so provided
by the regulatory authority. Possible separate entry-exit systems in the market ramp up phase will have

1720 years for infrastructure completed before 1 January 2028.
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also separate balancing areas. However, harmonisation of the rules from the beginning would be
beneficial.

Market participants expect the hydrogen network to provide flexibility services to maintain the possible
differences between entries and exits in hydrogen volumes. System flexibility refers to flexibility in the
network (i.e., linepack flexibility) and to possible hydrogen storages which are used by the HTNO to
provide flexibility. Linepack flexibility will depend on the final design of the physical system and multiple
design factors, such as pipeline diameter and pressure level, which affect the CapEx of the
infrastructure. Linepack can be considered as a short-term storage with storage capacity limited in
time. Gasgrid is currently assessing capabilities and limitations of the physical hydrogen transmission
infrastructure to define the frames of the balancing model and potential commercial tools to be
applied. The physical preconditions will also change over time when moving from market ramp-up
phase towards mature market and will depend on the investment strategy (see Section 4.2.2).

One fundamental question in balancing model is how the system flexibility will be used and allocated.
The two extreme alternatives are the following whereas one alternative may be something between:

1. Flexibility is allocated to the network users. Possible allocation mechanisms include selling
flexibility products or sharing the flexibility for example in relation to booked capacity. This
option gives flexibility to the network users, but HTNO has limited flexibility which may result
to high imbalance charges.

2. Flexibility is not allocated to the network users but used by the HTNO for balancing. In this
alternative, network users have less flexibility and HTNO more, which may result to more
cost-efficient balancing from market participants’ perspective.

In general, it is expected that the hydrogen network is more dynamic in terms of volumes than the
methane network, and consequently less resilient. Thus, it is anticipated that stricter balancing rules
are needed compared to the methane network. High-resolution on-line data on the network users’
balance position and system balance status will become vital and pro-active measures are needed from
the network users to keep their portfolio in balance. Gasgrid aims to facilitate balancing mechanisms to
the network users to enable their efficient balancing. The mechanisms shall be market-based to
incentivise the network users for balancing their injections and withdrawals. As a general principle the
one who causes system imbalance shall also cover the costs of the HTNO for recovering the balance.

The strong interlink between electricity and hydrogen markets is acknowledged. Demand for
synchronisation with the electricity market is assessed in order to provide as much flexibility as possible
to the network users of the hydrogen network without endangering the security of supply.
Synchronisation considers e.g., timing of nominations and renominations as well as the balancing
period. Balancing period in the current methane market (‘gas day’) is from 7:00 EET (6:00 CET) to 7:00
EET (6:00 CET) the following day. The target is to create flexibility with nomination and re-nomination
lead times, i.e., how early before the actual use of the entry and exit points the nomination or re-
nomination shall happen. In the case of Finnish gas market model, the network user must submit
nominations to Gasgrid before 15:00 EET (14:00 CET) on the day before the day the actual transmission
will take place, and changes during the day (re-nominations) must be forwarded latest two hours
before the first relevant hour. Gasgrid will work to define lead times that maximise the flexibility for the
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market participants. Nomination methods are subject to further legislation (future network codes) by
the European Commission and the approval of the Energy Authority.

Tariffs

Finland’s hydrogen tariff framework will be based on the EU Gas Package, the upcoming Finnish
Hydrogen Market Act and the EU’s tariff network code, as well as principles to be approved by the
Finnish Energy Authority. These regulations aim to ensure that tariffs are:

e Transparent
e  Cost-reflective
e Non-discriminatory

e Provide an allowed return on investment

Tariffs must be approved ex ante by applicable Member States and methodologies submitted to ACER
(Agency for the Cooperation of Energy Regulators). Cross-border collaboration is encouraged to
facilitate market adaptation and ensure most efficient system design.

The tariff-setting principles for hydrogen pipelines in Finland are anticipated to align with the regulatory
framework developed for methane networks. Under this approach, a revenue cap will be established
based on the regulated asset base of the HTNO and a prescribed return on capital. These measures are
designed to ensure that tariffs remain cost-reflective, transparent, and offer a reasonable return on
investment for infrastructure developers.

To support the development of hydrogen economy, the tariff model is expected to incorporate
mechanisms that promote early adoption. Specifically, the cost burden of building and operating the
hydrogen network will not be placed solely on its initial network users. Instead, the model will allow for
capital costs to be distributed over time, so that future users also contribute to the recovery of
infrastructure investments (a so called inter-temporal cost allocation mechanism). This approach
ensures that early users face fair and manageable tariffs, while the system remains financially
sustainable as the network expands.

Regulated tariffs shall be determined and applied to all entry and exit points of the hydrogen network.
In line with the entry-exit model, regulated tariffs shall be applied from 1.1.2033 at the latest. As the
hydrogen market continues to mature and its trajectory remains volatile, it may be appropriate to
consider bilaterally negotiated tariffs or those tailored specifically for hydrogen valleys before the
regulated model becomes effective (see also section 8.2-8.3). Flexibility in tariff determination will be
essential, given the unpredictability surrounding market scale, geographic distribution, and
developmental timelines. Consequently, distinct tariff models may be adopted across various hydrogen
valleys, with potential progression toward a standardized tariff structure as the market expands and
achieves full integration. The principal objective in establishing tariffs is to facilitate the growth of the
hydrogen market and deliver value to network users, while ensuring compliance with regulatory tariff-
setting guidelines.
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Regulatory framework for hydrogen transmission

EU Gas Package provides the regulatory framework for hydrogen market and transmission. This Section
describes the hierarchy of EU level and national legislation as well as the process of transposing the EU
Gas Package into the national legislation. Also, the legal basis on selected topics based on the EU Gas
Package is described in this Section.

General introduction to the regulatory framework

EU legislation

The EU Gas Package, adopted in May 2024, establishes the regulatory framework for the operation of
the hydrogen market and transmission. This legislative package builds upon the previous EU natural gas
market regulation, incorporating the same legal principles previously applied within the EU energy
markets. In addition to updating regulations concerning the EU natural gas market, it also introduces a
new regulatory framework specifically designed for a dedicated hydrogen infrastructure and market.

The EU Gas Package consists of a directive'® (‘Gas Directive’) and a regulation®® (‘Gas Regulation’), of
which the Gas Regulation is directly applicable legislation in Member States from 5 February 2025. The
Gas Directive must be transposed into national legislation by 5 August 2026, allowing for certain
decisions to be made at the Member State level.

Besides the EU Gas Package, the regulatory framework for hydrogen transmission will be based on the
so-called network codes. These codes are technical and operational rules that will be established to
govern the functioning of the EU-wide hydrogen transmission system. Some of the most important
network codes in terms of the hydrogen market model will be the network codes for capacity
allocation, balancing and tariffs. The network codes will be prepared by ENNOH (the new EU-level body
being established in 2025 to coordinate hydrogen transmission network operators), revised by ACER
(the Agency for the Cooperation of Energy Regulators which monitors the energy markets on the EU-
level), and finally adopted by the European Commission.

The network codes are not yet adopted, but once published, they will become binding law in all
Member States. Thus, some of the national rules adopted in the early phase of the hydrogen market
may become subject to change due to the requirements in the network codes. Detailed information
about the timing of the network codes is not yet available.

Finnish national legislation

Finland is currently preparing the transposition of the EU Gas Package into the national legislation. In
the beginning of 2025, the Ministry of Economic Affairs and Employment of Finland established a
working group to prepare the transposition and a draft for a new Hydrogen Market Act. The framework
of the new Hydrogen Market Act will closely resemble that of the existing Finnish Natural Gas Market

18 Directive (EU) 2024/1788 of the European Parliament and of the Council of 13 June 2024 on common rules for the internal markets for renewable
gas, natural gas and hydrogen, amending Directive (EU) 2023/1791 and repealing Directive 2009/73/EC.

19 Regulation (EU) 2024/1789 of the European Parliament and of the Council of 13 June 2024 on the internal markets for renewable gas, natural gas
and hydrogen, amending Regulations (EU) No 1227/2011, (EU) 2017/1938, (EU) 2019/942 and (EU) 2022/869 and Decision (EU) 2017/684 and
repealing Regulation (EC) No 715/2009.
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Act. Unlike the EU Gas Package, Finland intends to establish separate legislative acts for hydrogen and
natural gas, rather than consolidating them into a single act.

The working group consists of representatives from relevant ministries and authorities, as well as
experts from the energy sector, who bring practical knowledge, experience, and market insights into
the legislative drafting. Besides the permanent members, the working group regularly welcomes
representatives of the hydrogen industry, such as project developers, hydrogen producers, off-takers
and network developers to give presentations and bring understanding of the current state of market
development to the working group. Gasgrid is participating in the working group as a permanent expert
member.

The term of the working group will continue until 28 November 2025, after which the draft for the new
Hydrogen Market Act will become subject to public consultation as part of the normal legislative
procedure. The Hydrogen Market Act should enter into force by 5 August 2026 in line with the timeline
set in the EU Gas Package. Once adopted, the compliance with the Hydrogen Market Act will be
monitored by the Finnish regulatory authority, i.e., the Energy Authority (Energiavirasto).

The legislative drafting process is summarised in Figure 13.

Regulatory drafting Act published in the
(Official duties) Statute Book
2a T
I — 3 — 4 5 — 6 7 -
2b
y Enactment Enforcement

Preliminary Consultation Continued Review by the  Parliam
preparation drafting Government revi
Regulatory
drafting
(Preparatory body)

and monitoring

Figure 13. Legislative drafting process.?°

8.1.3 Hierarchy of Rules
As described above, the main principles governing the hydrogen market and transmission are set out in
the EU Gas Package and national legislation. Additional rules may be established through secondary
legislation by decrees, such as those related to metering and safety requirements. While not yet in
preparation, such decrees will eventually become binding legislation for hydrogen network operators
and market participants in Finland.

More detailed terms and conditions for hydrogen transmission will be determined as part of the market
model for hydrogen transmission as described in Section 7. The market model will be developed in

20 Finlex. Legislative Drafting Process Guide. Available at: https://lainvalmistelu.finlex.fi/en
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close cooperation with the market participants and the Energy Authority, which is the national
regulatory authority monitoring the hydrogen network operator(s) and the market participants in
Finland. The hydrogen market model shall always be compatible with the EU Gas Package, the Finnish
Hydrogen Market Act, and any other legislation binding the market participants from time to time.

Gasgrid’s terms and conditions of the market model will require approval of the Finnish Energy
Authority. Prior to granting approval, the Energy Authority will conduct a public hearing and take into
consideration any feedback from market participants and other stakeholders received during this
period. The aim of the approval process is to ensure that all terms and conditions comply with
regulatory requirements and are uniformly applied to all network users.

The contractual relationship between Gasgrid and the network users will be determined by a
framework agreement that will be entered into by the parties before the network user can start
booking capacity from Gasgrid. These are standard agreement forms that are used equally with all
network users and to which the approved terms and conditions apply.

Besides the approved terms and conditions and the standard agreements, Gasgrid may issue guidances
and other practical instructions. These documents do not require approval from the Energy Authority,
as they aim to offer practical advice rather than establish new rights and obligations.

8.2 Right to use the network
One of the main principles governing hydrogen transmission is the hydrogen network users’ equal and
non-discriminatory right to access and use the hydrogen network. The so called “regulated third-party
access” (‘regulated TPA’) is required by the EU Gas Package and is based on published tariffs and
service terms applied objectively and without discrimination between any hydrogen network users.?! In
practice, the regulated TPA means that the tariff methodology and the terms and conditions for
hydrogen transmission (such as capacity allocation terms) are approved by the Energy Authority before
their entry into force (as described in Section 8.1.3) after which they are applied equally to all network
users that request access to the hydrogen transmission network.

Member States can adopt regulated TPA immediately or delay it until 2033.22 In case the regulated TPA
is not applied until 2033, the Member States shall apply a so called “negotiated third party access”
(‘negotiated TPA’). The main difference between the regulated and negotiated TPA is that the
negotiated TPA leaves room for individual negotiations between the network operator and the network
users, as the terms and conditions to access the hydrogen network may vary on a case-by-case basis.
Even then, however, access to hydrogen network shall be granted in accordance with objective,
transparent and non-discriminatory criteria. Network users’ right to negotiate access to hydrogen
networks is monitored by the Energy Authority.

8.3 Capacity booking
The interconnected hydrogen network will be organized as an entry-exit system, which is a model
where network users book capacity rights independently on entry and exit points. In this system, entry

21 Gas Directive, Article 35(1).
22 Gas Directive, Article 35(4).
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points refer to a point where hydrogen enters the hydrogen network, whereas an exit point is a point
where hydrogen flows out of the network.?® Similarly to TPA, the entry-exit system shall be applied
from 2033 at the latest. Before that, Member States may organize capacity bookings differently and
provide flexibility in the early market development phase. From 2033 onwards, however, hydrogen
shall be transported by means of the entry-exit system instead of contractual paths.

In Finland, the entry-exit system is expected to be adopted from the beginning of 2033 (unless an
earlier adoption can be considered to better serve the market needs) and it will include both the
hydrogen transmission network and the hydrogen distribution network that is connected to the
transmission network (if such distribution network will emerge).

Access to the entry-exit system is generally based on firm and uninterruptible capacity. The maximum
duration for capacity contracts shall be 20 years for infrastructure completed before 1 January 2028
and 15 years for infrastructure completed on or after that date. In certain circumstances, however, the
regulatory authority may impose shorter maximum durations if necessary to ensure hydrogen market
functioning, to safeguard competition and to ensure future cross-border integration.?*

HTNOs shall implement and publish non-discriminatory and transparent capacity-allocation
mechanisms and congestion-management procedures?®. Such terms and conditions are subject to the
approval of the Energy Authority, and they shall be published. In terms of the congestion-management
procedures, it is specifically defined that the HTNO shall offer unused capacity on the primary market at
least on a day-ahead and interruptible basis, in addition to which the network users may re-sell or

sublet their unused contracted capacity on the secondary market.?®

Further regulation determining rules for capacity-allocation and congestion-management is expected
to be provided by the European Commission in the form of a directly applicable network code.

8.4 Balancing
The underlying principle of the EU Gas Package is that balancing the hydrogen input and output is
primarily the responsibility of the network users and the need for balancing actions by the HTNOs
should be minimized. In situations where balancing actions by HTNOs are needed, however, they shall
be performed based on standardised products and conducted on a trading platform or by means of
balancing services in accordance with a network code to be adopted later by the European
Commission. 2728

2 Gas Regulation, Article 3.

24 Gas Regulation, Article 7.

%5 Congestion management refers to the management of the capacity portfolio of the HTNO with a view to optimal and maximum use of the technical
capacity and the timely detection of future congestion and saturation points (Gas Regulation, Article 2(6)). Congestion may be contractual or physical.
Physical congestion occursin a situation where the level of demand for actual deliveries exceeds the technical capacity of the network at a particular
moment, whereas contractual congestion means a situation where the level of firm capacity demand exceeds the technical capacity (Gas Regulation,
Article 2(22 and 24)).

%6 Gas Regulation, Article 10; Gas Directive, Article78.

27 Gas Regulation, Article 3.

28 The Gas Regulation provides the European Commission the power to adopt a network code regarding balancing rules, including ne twork-related
rules on nomination procedure, rules for imbalance charges and rules for operational balancing between hydrogen network operators’ networks,
imbalance charges, settlement processes associated with the daily imbalance charge and operational balancing between hydrogen network
operators’ networks (Gas Regulation, Article 72).
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In parallel with the balance responsibility imposed on the network users, hydrogen network operators
are responsible for balancing their networks as from 1 January 2033 (or as from an earlier date where
so provided by the regulatory authority). Rules adopted by hydrogen network operators for balancing
the hydrogen network shall be objective, transparent and non-discriminatory, including rules for the
charging of users of their networks for hydrogen imbalance.?® Such terms and conditions shall be
approved by the Energy Authority and published before their entry into force.3°

Tariffs

The right to use the hydrogen network, i.e., the regulated TPA (as described in Section 8.2), is based on
published tariffs that are applied objectively and without discrimination against any hydrogen network
users. The tariffs, or the methodologies underlying their calculation, shall be approved by the
regulatory authority and published prior to their entry into force.3! In the regulated TPA, tariffs are
charged at the entry and exit points of the hydrogen system.?? In case the negotiated TPA (as described
in Section 8.2) is applied before 2033, the HTNO may negotiate the tariffs separately with network
users. Even in such cases, however, the tariffs must fulfill objective, transparent and non-discriminatory
criteria.

When setting the tariffs, several criteria shall be met; they shall be transparent, consider the need for
system integrity and its improvement and reflect the actual costs incurred, insofar as such costs
correspond to those of an efficient and structurally comparable network operator. Tariffs shall also be
transparent, whilst including an appropriate return on investments. Another way to determine tariffs is
through market-based arrangements, such as auctions. Even then such arrangements and the revenue
arising therefrom shall be approved by the regulatory authority. 33

Network operators that provide regulated transmission services for both hydrogen and methane in
separate networks shall separate the assets related to each transmission networks. Revenues from
regulated services may only be used to cover capital and operational costs for assets within the
regulatory asset base tied to those services. This means, for example, that capital and operational costs
for hydrogen network shall not be covered by the tariffs charged from the users of the methane
network and vice versa. Furthermore, if assets are transferred between the two regulated services,3*
the value of the assets shall be established, and the transfer shall be audited and approved by the
regulatory authority to ensure that no cross-subsidization occurs between the regulated services.3?

To ensure that future network users contribute to initial hydrogen network development costs,
member states may allow hydrogen network operators to spread the recovery through network access
tariffs of hydrogen network costs over time. Such distribution of costs over time is referred to as inter-
temporal cost allocation. The methodology for applicable inter-temporal cost allocation is subject to
approval by the regulatory authority.3® Recommendations on the methodologies for setting the inter-

2% Gas Directive, Article 50.

30 Gas Directive, Article 78(7).

31 Gas Directive, Articles 35 and 78.

32 Gas Regulation, Article 3.

33 Gas Regulation, Article 17.

34 For instance, assets may be transferred in cases where methane pipelines are repurposed for hydrogen transport, resulting in the reallocation of
these assets from the methane network to the hydrogen network.

3> Gas Regulation, Article 5(1).

36 Gas Regulation, Article 5(3).
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temporal cost allocation are issued by ACER at least every two years. The first set of recommendations
was published in July 2025.37

Further regulation determining the rules for tariffs is expected to be provided by the Commission in the
form of a directly applicable network code. The tariff network code may include rules regarding
harmonised tariff structures for hydrogen network access, rules on the application of a reference price
methodology, the associated consultation and publication requirements including for the allowed or
target revenue, as well as the calculation of reserve prices for standard capacity products and allowed
revenue.

Hydrogen quality

The aim of the EU Gas Package is to ensure that the hydrogen transported, stored and handled in the
hydrogen system is of a high grade of purity. It is also important that hydrogen quality standards
provide further criteria to determine the commonly acceptable hydrogen purity levels and that the
hydrogen meets the end user’s quality requirements. Thus, where appropriate for system management
and end users, the regulatory authorities shall entrust hydrogen network operators with the
responsibility for ensuring efficient hydrogen quality management and stable hydrogen quality in their
networks. This shall be done in line with applicable hydrogen quality standards. Additionally, hydrogen
network operators shall be responsible for providing to the operator of other interconnected networks
or systems sufficient information on hydrogen quality to ensure the interoperability and efficient
operation of the interconnected systems.?®

Managing hydrogen quality is essential also in preventing restrictions on cross-border flows of
hydrogen. Therefore, HTNOs are responsible for cooperating with the interconnected HTNOs to avoid
restrictions of hydrogen flows due to differences in hydrogen quality.3°

Further regulation determining the rules for hydrogen quality in cross-border hydrogen flow, including
common specifications at interconnection points and standardisation, is expected to be provided by
the Commission in the form of a directly applicable network code.*°

37 Gas Regulation, Article 5(6). The first recommendation by ACER can be found here:

https:

www.acer.europa.eu/sites/default/files/documents/Recommendations/ACER -Recommendation-02-2025-Inter-temporal-cost-allocation.pdf

(accessed on 18 August 2025).
38 Gas Directive, Article 50.

39 Gas Regulation, Article 55.
40 Gas Regulation, Article 72.
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9 Next steps
Information package collects information about the development of the Finnish hydrogen network and
the framework for market participants to access and utilise the network, including initial connection
principles and market model. As we are creating something new on an unprecedented scale, Gasgrid
sees a high value for active market dialogue and a participatory process. Gasgrid aims for timely and
active knowledge sharing to facilitate the process — which is also the purpose of this document.

This document is the first one in a series of information packages. The purpose of information packages
is to facilitate active market dialogue and consultation processes on presented topics towards market
participants. By actively participating in the market dialogue and shaping the future hydrogen market
model, the market participants will also familiarise themselves with the operating principles of the new
market. Further information packages will be released based on other processes, including
collaborative commitment process for the pipeline capacity, enacting Finnish Hydrogen Market Act,
development of EU level network codes, and development of terms and conditions for hydrogen
market that are to be approved by the Energy Authority. Additional papers are published in parallel to
the information packages if needed.

At the moment, Gasgrid is advancing the technical design of both national and, together with its
partners, Baltic Sea region hydrogen transmission infrastructure projects. In parallel, the Environmental
Impact Assessment processes are ongoing for all sections of the national hydrogen network. The first
Finnish Hydrogen Market Act, that is currently under preparation with the lead of the Ministry of
Economic Affairs and Employment of Finland, provides important framework for hydrogen transmission
when entering into force at latest by August 2026.

In parallel, Gasgrid is conducting multiple actions towards final investment decision readiness by
considering multiple conditions, including financing and de-risking opportunities for the hydrogen
transmission network, maturity of regions and hydrogen valleys to commit and start construction,
production and consumption figures, and market participants’ readiness for capacity bookings. The
timeline and next steps for user commitments and market rule development depend on the conditions
mentioned above. The overall development pathway is described in Figure 14.
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Figure 14. The overall development pathway of Gasgrid’s activities towards achieving functioning
hydrogen markets and hydrogen transmission infrastructure in early 2030s.
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Next information packages

The information presented in this document is preliminary and represents Gasgrid’s best available
knowledge on the topics. While the first information package is summarising in nature, the following
ones will delve more deeply into selected topics and present new topics according to the market
participants’ demand. Next version of the information package is expected to be published during 2026
and is tentatively anticipated to cover at least the following topics:

e Information on Hydrogen Market Act

e  More information on collaborative commitment process

e  More information on connection principles

e More information and considerations on expected overall market model

e  Tariff design concept

e Hydrogen transportation cost estimations

e  Status of Guarantee of Origin (GoO) and Proof of Sustainability (PoS) certificate schemes
e  Hydrogen quality requirements in the network

e Data management and interfaces

To get support for investments, to advance hydrogen market creation, and to contribute to the
regulatory framework, market stakeholders shall pay attention to these opportunities:

1. The public hearing of the Finnish Hydrogen Market Act and opportunity to give feedback
during winter/spring 2026.

2.  European Commission has launched the Hydrogen Mechanism as a part of EU Energy & Raw
Materials Platform on 2 July 2025. The Hydrogen Mechanism is designed to empower
companies by connecting and aggregating hydrogen demand and supply, supporting
infrastructure development, and linking with financial solutions. The mechanism will operate
in rounds. This first round “call for supply interest” is expected to be opened in September
2025.4

41 More information about the Hydrogen Mechanism: New EU Energy and Raw Materials Platform to support the competitiveness and
decarbonisation of European industry
Registration to the Platform: EU Energy and Raw Materials Platform - Hydrogen Mechanism
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10 Gasgrid’s open market surveys for stakeholders
With the launch of the first information package, Gasgrid opens two market surveys for market
stakeholders:

1. Overall feedback collection on information package content, relevance of its topics, and
wishes for the next version of the information package. The results will be used to shape the
next information package as well as help Gasgrid to fulfill the market’s needs. The survey
remains open until 15.12.2025 and can be accessed through this link:
https://forms.office.com/e/1pGAF8M2iC

2. Market survey on hydrogen quality requirements in the Finnish hydrogen transmission
network, requesting views from potential future market participants on hydrogen purity and
impurities in the transmission network (see further details in Section 4.4). The survey is used
to support creating initial national view on the hydrogen quality requirements in the Finnish
network. The survey is open until 30.11.2025 and can be accessed through this link:
https://forms.office.com/e/mPHbdDQcbK

Gasgrid highly appreciates feedback on these two market surveys as well as on any other topics
presented in the document.

Interested in the most recent news on hydrogen from Gasgrid or want to discuss with us?
Read more: Finland into the most attractive hydrogen economy country in the world — Gasgrid

Website: https://gasgrid.fi/

Subscribe to our newsletter: https://gasgrid.fi/y hteystiedot/#uutiskirje-tiedotteet

Hydrogen email: vety @gasgrid.fi
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S Clean Hydrogen
2. Partnership

The project is supported by the
Clean Hydrogen Partnership and
its members.
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The document is co-funded
by Gasgrid and the
European Union through
BalticSeaH?2 Valley project.
Learn more about the
project:
www.balticseah2valley.eu.
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