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INTRODUCTION

The draft Annex D1 — Implementation Guidelines for Cost-Benefit Analysis of
Hydrogen Projects, also referred to as Implementation Guidelines, is part of
the draft guidance documents package for the TYNDP 2026 cycle, together
with Annexes D2 and D3. For wording simplicity, throughout the document,
the materials will be referred to without explicitly mentioning the term draft.

The objective of the ENTSOG TYNDP 2026 Imple-
mentation Guidelines is to provide detailed guidance
on the different elements of relevance for the project-
specific cost-benefit analysis, or PS-CBA, as part of
the 2026 TYNDP cycle.

As explained in the Cost-Benefit Analysis
Methodology, Chapter 1.3, this document out-
lines the updates and refinements proposed for
the current assessment cycle and explains the
rationale behind each change. As the Cost-Benefit
Analysis (CBA) methodology serves as a long-term
guidance framework — intended to remain valid
across multiple TYNDP and PCI/PMI cycles — it
deliberately refrains from prescribing detailed
implementation procedures that may evolve from
one cycle to the next. To ensure clarity, consistency,
and applicability, each cycle is therefore supported
by dedicated Implementation Guidelines, which
undergo extensive consultation with stakehold-
ers to integrate relevant feedback. In cases where

suggestions cannot be fully incorporated, clear
justification is provided. The modifications pre-
sented in the sections below reflect this structured
process, offering transparency on how stakeholder
input, methodological adjustments, and cycle-
specific considerations have shaped the current set
of Implementation Guidelines.

Namely, the elements of the multi-criteria cost-
benefit analysis applied by ENTSOG to perform
project-specific CBAs in the TYNDP 2026 process
and referred to in this document are:

4 Project grouping principles

4 Project status

4 Benefitindicators for PS-CBA
A

Summary of the Monetisation elements used
for benefit indicators

A

Summary of the Economic performance
indicators

SUMMARY OF TYNDP 2026/PS-CBA PROCESS

As anticipated in the 2024 TYNDP cycle, the 2026
TYNDP timeline continues to prioritise deliverables
related to hydrogen. The reason is that such
projects are submitted in time to the PCI/PMI
selection process, currently expected to commence
in the third quarter of 2026. Natural gas-related
projects will still be taken into account in the TYNDP
system-level assessment, but will not be covered by
individual cost-benefit analyses, as in the previous
edition and according to the 2022 update of the
TEN-E regulation.

Apart from PS-CBA results, main hydrogen-re-
lated deliverables are foreseen to become available
during 2026. Any additional simulations shall be

NS

Art. 4 - Criteria for the assessment of projects by the Group

w

published after extended stakeholder consultations
are conducted and opinions from regulatory bodies
are received.

The PS-CBA or Project Assessment phase is
expected to start as soon as the system-level
assessment is completed. This latter analysis will
result in the identification of infrastructure gaps
compared to European energy and climate goals?.
In line with Art. 42 of the “"TEN-E"3 Regulation,
for each project which promoters intend to sub-
mit for PCI/PMI status attribution, a PS-CBA will
be conducted in order to determine the degree
to which the project contribute(s) to the criteria
of sustainability, market integration, security of

2030 targets for energy and climate and 2050 climate neutrality objective — see §1 of Art. 1 — Subject matter, objectives and scope

Reg. (EU) 2022/869, on guidelines for trans-European energy infrastructure
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https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32022R0869
https://www.entsog.eu/sites/default/files/2025-10/entsog_CBA_methodology_report_250225.pdf
https://www.entsog.eu/sites/default/files/2025-10/entsog_CBA_methodology_report_250225.pdf

supply, and competition and to assess whether
these benefits outweigh the associated costs. Such
requirement is also referred to in the Annex |14 of
the TEN-E Regulation.

Scenarios start from the existing infrastructure
and draw out possible future energy system evo-
lutions for the following decades; these provide
a quantitative basis for the assessment, to which

projects from the TYNDP are added to perform the
system-wide assessment. In the image below, the
three main phases of the TYNDP cycle are framed

For wider context, the system-wide assessment
itself starts as soon as the 2026 Scenarios report

is available. . _ _
in connection to the generic steps of the PCI/PMI
selection process.
TYNDP PCI SELECTION PROCESS
ENTSOG EC + REGIONAL GROUPS
Call for
grants
EC
Assess : .

Studies

Frame the infra- Assess Selection . PrIOJetct;

future structure projects process PCl list selecte

for grants
needs Investment Works
request
< - NRAs
Promoters submit their Promoters
projects to TYNDP submit their
projects to EC selects
PClI call PCI projects Mature Projects
EVERY 2 YEARS

Figure 1: TYNDP and PCI/PMI process overview

>

. Regulatory opinions & approvals Scenarios
Scenarios

Public consultation #1:
Guidance documents

(methodology, assumptions)
Scope of Annexes D2 and D3 - TYNDP 2026
H. IGl and System Assessment methologies

. Regulatory opinions H, IGI
System-wide assessments hydrogen & methane

Scope of Annex D1 - TYNDP 2026

Public consultation #2: Implementation Guidelines

Hydrogen Infrastructure Gap
Identification (IGl) report
Infrastructure report
System Assessment report*

Regulatory opinion
final TYNDP 2026

-— .

Any additional
analyses
2026 2027

- > JAN > FEB ) MARD APR ) MAY > JUN > JUL > AUG > SEP > OCT ) NOV ) DEC JJAN > FEB > MARD APR > MAY > JUN DJUL ). OCT 4

Project-level
assessment H,

Final TYNDP
* The System Assessment report may be consulted

together with or seperately from the other reports.

publication

Figure 2: Main outstanding TYNDP 2026 phases (updated February 2026)

In line with the requirements of the TEN-E Regula-
tion, public consultations are held to validate the
methodological approach and results from the
above-mentioned assessments, in line with Art. 11,

126, and 137 of the TEN-E Regulation. The schematic
below illustrates the main steps of the outstanding
TYNDP 2026 phases.

Section 2, point (1)(d) of Annex Il - Regional lists of projects
§2 of Art. 11 - Energy system wide cost-benefit analysis

§1 of Art. 12 - Scenarios for the ten-year network development plans

~N o o

§1 of Art. 13 - Infrastructure Gaps Identification
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INTERACTION BETWEEN TYNDP 2026 AND
8™ PCI/PMI SELECTION PROCESS

The 8" PCI/PMI selection process, under the
responsibility of the TEN-E Regional Groups led by
the European Commission, is a separate process
from the TYNDP 2026 project collection processs.
As part of the 8" PCI/PMI project collection pro-
cess, promoters will be asked to actively confirm
their intention to apply to PCI/PMI status.

Following the TYNDP 2026 project collection and
system-wide assessment ENTSOG will only run the
project-specific assessment on hydrogen projects
which:

The process can be graphically summarised as follows:

ENTSOG will
run PS-CBA

TYNDP 2024 Project
Collection process

YES
Does the project promoter PS-CBA results
intend to apply to the 7t Communication to
PCI/PMI Selection process? Project promoters
v
(0]

e NO PS-CBA

1. areeligible for the upcoming PCI/PMI selection
process and

2. for which promoters will have expressed their
intention to participate to the PCI/PMI selec-
tion during the TYNDP 2026 project collection
phase.

ENTSOG will provide PS-CBA results to promoters
ahead of the publication of corresponding project
fiches. Promoters will at this stage have the option
to maintain or withdraw the project from the PCI/
PMI selection process.

Confirmation of

PCI/PMl intention

during PCI/PMI call YES Published
(Final TYNDP

Does the project promoter

confirm the intention to

apply to the 7 PCI/PMI ’l/o

Selection process?

e NO Publication

Figure 3: Interactions between TYNDP 2026 and 3 PCI/PMI selection process under revised TEN-E

TYNDP 2026 SCENARIO REPORT

The ENTSOs have to use scenarios established
in line with Art. 12 of the TEN-E Regulation as the
basis for the TYNDPs and the calculation of the
PS-CBAs used in PCI/PMI selection process. The
draft scenario documents for the TYNDP 2026 are
now publicly available.

The following scenario inputs are used for the
TYNDP 2026 PS-CBA:

4 Selection of scenario: National Trends+ (NT+)
4 Timeframes: 2030, 2035, 2040, 2050

4 Climatic Year: normal and stressful based on
future weather years

4 Sensitivities: prioritise “unlimited” simulations
and then variants

— Scenario variants for potential application
inIGland SA, but not PS-CBA

e Scenario variants are still under develop-
ment; methodology is being finalised
following the consultation.

* High/Low economic cases prepared for
2035 and 2040.

» Variations applied on the demand side,
including:

4 Technology mix changes
(+15 % adjustment)

4 Activity level changes
(+7.5 % adjustment)

» Variations applied on the supply side,
including:

4 Adjustments to CO, prices

4 Adjustments to commodity prices

8 TYNDP 2026 Guidelines for Project Inclusion
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PS-CBA Results

2024 Publication)


https://www.entsog.eu/sites/default/files/2025-09/Guidelines%20for%20Project%20Inclusion_TYNDP2026.pdf
https://2026.entsos-tyndp-scenarios.eu/

2 MODEL DESCRIPTION

This section of the TYNDP 2026 Implementation Guidelines provides a brief
overview of the market and network modelling tools used for the TYNDP 2026
PS-CBA. All details can be found in the Cost-Benefit Analyses Methodology, in
Chapter 2.2.9

2.1 GENERAL DESCRIPTION OF THE MODELLING
APPROACH FOR TYNDP 2026

Hydrogen infrastructure modelling requires integrated market and network analysis across hydrogen,
natural gas, and electricity systems due to their increasing interdependencies.

ELECTRICITY SYSTEM <«—>» HYDROGEN SYSTEM <—3>» NATURAL GAS SYSTEM

Dual Dual
hydrogen/electricity hydrogen/natural gas
Model (DHEM) Model (DGM)

Figure 4: Description of the interactions between Electricity, Hydrogen and Natural gas systems in TYNDP 2026
PS-CBA process.

Figure 4 illustrates these interactions and the two With minor adaptations described in Chapter 2.2
step modelling approach applied in the PS-CBA: of the CBA Methodology, both models (DHEM
4 Dual Hydrogen Electricity Model (DHEM): and DGM) rely on essentially the same hydrogen
Captures the interactions between hydrogen network topology. The level of infrastructure detail
and electricity through combined network and balances modelling accuracy with the availability
market modelling. DHEM supports the assess- and complexity of underlying network data and
ment of benefit indicators including GHG includes both existing and planned assets.
emissions (B1), non-GHG emissions (B2),
renewable electricity integration (B3.1), renew-
able and low carbon hydrogen integration
(B3.2), market rents (B4), and reduced expo-
sure to curtailed hydrogen demand (B5).

9 Methodolgy for Cost-Benefit Analysis of Hydrogen Infrastructure Projects
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https://www.entsog.eu/sites/default/files/2025-10/entsog_CBA_methodology_report_250225.pdf

2.2

HYDROGEN INFRASTRUCTURE LEVEL(S)

There are two default hydrogen infrastructure levels
(see Figure b):

4 A PCI/PMI hydrogen infrastructure level
containing existing hydrogen infrastructure,
FID hydrogen projects, and hydrogen projects
on the PCI/PMI list in forcel® at the time of the
definition of infrastructure levels, modified by
requests of the European Commission con-
cerning import corridors.

4 An Advanced hydrogen infrastructure level
containing the existing hydrogen infrastruc-
ture, FID hydrogen projects, PCI/PMI hydrogen
infrastructure level as well as advanced hydro-
gen projects, modified by requests of the
European Commission concerning import
corridors.

PCI/PMI

Projects

FID Projects

Existing
Infrastructure
PCIl/PMI

Hydrogen
Infrastructure level

\

Basis for CBAs

Figure 5: Hydrogen infrastructure levels as basis for
TYNDP 2026 PS-CBA process

Based on the public consultation of this document
and the inputs received, ENTSOG will focus solely
on the PCI/PMI level to assess the CBA.

Whereas:

4 Existing hydrogen infrastructure refers to
hydrogen infrastructure that is operational at
the time of the TYNDP 2026 data collection as
well as projects that acquired the final invest-
ment decision (FID) ahead of the relevant
TYNDP project data collection and that are
expected to be commissioned no later than
2026. The FID status was defined in Art. 2(3) of
Regulation (EC) 256/2014 as follows: “final
investment decision’ means the decision taken
at the level of an undertaking to definitively
earmark funds for the investment phase of a
project (...)".

4 FID hydrogen project refers to projects having
taken the final investment decision ahead of
the TYNDP 2026 project data collection.

4 Advanced hydrogen project refers to projects
with an expected commissioning date no later
than 31 December of 2032 and that fulfil at
least one of the following criteria:

— The project is included in the latest pub-
lished national network development
plan(s) of the respective country(ies) or in
the national law(s).

— The project was successfully consulted
through a market test (including non-bind-
ing processes), which delivered positive
results.

4 PCI/PMI hydrogen project refers to hydrogen
projects that are on the 8" PCI/PMI Union list
as detailed in section B of the Annex VIl to the
TEN-E Regulation.

The list of TYNDP 2026 projects conforming the
proposed hydrogen infrastructure levels (i.e., PCl/
PMI hydrogen infrastructure level and Advanced
hydrogen infrastructure level) can be found in
Annex | and also online as Annex A publication.

The hydrogen cross-border, import, and storage
capacities at country/zone level can be found in
Annex Il and online in the Annex C2, once publicly
available for the TYNDP 2026 cycle.

10 As defined by in section B. (HI West, HI East and BEMIP Hydrogen) of the Annex VIl to Regulation (EU) No 2022/869
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https://energy.ec.europa.eu/system/files/2023-11/Annex%20PCI%20PMI%20list.pdf
https://energy.ec.europa.eu/document/download/3db5e3d1-9989-4d10-93e3-67f5b9ad9103_en?filename=Annex%20PCI%20PMI%20list.pdf
https://energy.ec.europa.eu/document/download/3db5e3d1-9989-4d10-93e3-67f5b9ad9103_en?filename=Annex%20PCI%20PMI%20list.pdf
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.entsog.eu%2Fsites%2Fdefault%2Ffiles%2F2026-03%2FINV0457-26%2520TYNDP%25202026%2520Annex%2520A%2520List%2520of%2520Projects%2520rev2.xlsx&wdOrigin=BROWSELINK

2.3

24

ELECTRICITY REFERENCE GRID

The following section describes the framework of
the electricity reference grid to be used in the con-
text of ENTSOG's TYNDP 2026 PS-CBA.

The electricity reference grid is composed by the
existing infrastructure as well as projects that
are expected to be commissioned in the different
assessed years.

PROOF OF MATURITY AND INCLUSION CRITERIA

To be included in the reference grid, a project must
demonstrate “proof of maturity” according to
ENTSO-E's 4th Cost Benefit Analysis (CBA)
Guideline. A project qualifies if it meets one of the
following criteria: it is currently in the construction
phase (criteria 1); it has successfully completed its
environmental impact assessments (criteria 2); or
itis in the “permitting” or “planned, but not yet in
permitting” stage, and its timely realisation is highly
likely (criteria 3).

In addition to the above given maturity criteria, a
cut-off for the commissioning years has been set.
The cut-off has been set to 31 December of each
target-year, excluding all projects with later-planned
commissioning dates. For the 2040 grid the cut-off
date was set to December 31, 2035, meaning any
project commissioned after this date was excluded.

APPLICATION ACROSS TIME HORIZONS

Because uncertainties increase further into the
future, the methodology defines different refer-
ence grids for different time horizons by varying the
strictness of the maturity criteria. For the mid-term
horizon (i.e., 2030), only highly mature projects
meeting criteria 1 and 2 are included.

TARGET-YEARS

Based on the ACER Opinion No 13/2025 “ACER
Opinion on ENTSOG's draft Ten-Year Network Devel-
opment Plan (TYNDP) 2024" and the ENTSOG
workshop on “TYNDP 2026 — Model Assumptions
and Innovations for System-and Project-level
assessments” ENTSOG proposed a change in the
decision on selecting target-years for IGI, SA, and
PS-CBA, considering several candidate milestones
with distinct advantages. The target-years for the
TYNDP 2026 PS-CBA are foreseen to be the years
2035 and 2040.

For the long-term horizon (i.e., 2035 and 2040), the
grid includes projects meeting criteria 1, 2, and 3.
Appendix B of ENTSOE's implementation Guide-
lines lists all projects considered in the reference
grid.

By using this approach, ENTSOG envisaged the
following advantages for their PS-CBA results:

4 Adding 2035 offers proximity to the TYNDP
2026 publication date and establishes a
10-year reference horizon.

4 Keeping 2040 reflects its status as the
preferred target-year by the European Com-
mission in the 2024 cycle.

For project groups that are fully commissioned or
that exhibit costs/increments beyond the target-
years of 2035 and 2040, ENTSOG will incorporate
the associated benefits and costs into the PS-CBA
analysis.

Ten-Year Network Development Plan 2026 — Annex D1 | 9


https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/news/2024/entso-e_4th_CBA_Guideline_240409.pdf
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/news/2024/entso-e_4th_CBA_Guideline_240409.pdf

2.5

2.6

2.7

ANALYSIS WITH HYPOTHETICAL INFRASTRUCTURE
APPROACH (“UNLIMITED” SIMULATIONS)

Based on the ACER opinion for TYNDP 2024
publication of the IGI report (infrastructure gap
identification report):

“ACER Opinion — point 3.

[...] Given the high level of uncertainty surrounding
hydrogen market development and its impact on
infrastructure development, ACER emphasizes the
importance of incorporating scenario variants

WEATHER SCENARIOS

TYNDP 2026 enhances its weather modelling by
combining historical datasets with future climate
projections from the CMIP6 framework. This
ensures that long term energy system assessments
account for climate driven impacts on renewable
generation and temperature sensitive demand.

For each target-year, two weather scenarios are
used to capture uncertainty in future climate
conditions:

4 Base case: the least stressful scenario identi-
fied inthe TYNDP 2026 Scenario Methodology.

A4 Stressful case: the most stressful scenario
identified in the same methodology.

Weather years are selected from the PECD (Pan-
European Climate Database) 4.2 dataset, using
projections from the SSP2 4.5 pathway and three
climate models (CMRb, ECE3, MEHR), providing 30
candidate years per target-year for variables affect-
ing wind, solar, hydro, and load.

LTC BAND

Based on the results of various tests, and the con-
siderable side effects that their use could poten-
tially have on the PS-CBA results, the LTC bands
will not be used on the project assessment of the
TYNDP 2026.

10 | Ten-Year Network Development Plan 2026 — Annex D1

and sensitivity analyses to better reflect a range of
possible future infrastructure needs assessments.”

The TYNDP 2026 will contain additional sensitivity
analysis for the National Trends+ scenario in the
IGI report, the SA and the PS-CBA. “Unlimited”
sensitivities will be prioritised for this approach,
followed by the high economic variants and low
economic variants of the NT+ scenarios.

A multi-stage statistical process narrows this pool
to three representative weather years:

1. Calculation of regional averages and standard
deviations for key variables

2. Normalisation and PCA for dimensionality
reduction

3. Kmeans clustering to identify distinct climate
patterns

4. Selection of cluster medoids as representative
years

These three years form the climatic basis for
TYNDP 2026, ensuring scenarios that are robust,
climate adaptive, and reflective of a realistic range
of future weather conditions.

Target-Year Weather Scenarios

Base Stressful
2035 WS059 WS037
2040 WS065 WS077



2.8

2.9

THIRD COUNTRY TREATMENT

In accordance with Annex V(1) of the TEN-E
Regulation, the geographical scope applied in
the TYNDP market modelling encompasses all
ENTSOG Member States, alongside a wider set of
interconnected non-EU countries. This extended
perimeter reflects the physical and commercial
linkages between the EU gas system and neigh-
bouring regions, including selected countries in
North Africa, Eastern Europe, the Caucasus, and the
Middle East. Given the interconnections between
the ENTSOG system and these non-member

countries, the modelling results may capture costs
and benefits that materialise outside the EU. While
such effects are relevant for understanding cross
border interactions and system dynamics, benefits
accruing beyond the EU should not be considered
part of the pan European value of projects. As a
result, adjustments to the quantified outcomes
may be required to ensure that the TYNDP results
appropriately reflect benefits attributable within the
EU scope, in line with the regulatory framework.

MARKET ASSUMPTIONS IN THE DHEM

Assumed ETS price

(unit: €/tCO2,,) 197.5 2975
Nuclear 0.6 0.6
Natural gas 9.8 10.4
Blended 9.4 118
gas
Light oil 19.5 20.7

Fuel prices Heavy oil 16.0 17.0

(unit: €/GJ) Hard coal 4.0 39
Lignite G112 1.9 1.9
Lignite G213 2.4 2.4
Lignite G3*4 3.2 3.1
Lignite G415 4.1 4.1
Liquid 247.8 231.8
imports

Hydrogen North Africa 121.2 117.7

import prices

(unit: €/MWhH, cy))
Ukraine 219.2 194.0

TYNDP 2026 draft Scenario
Methodology Report

Costs for covered GHG emissions
under the ETS.

EU-price per fuel

NT+ scenario (Source:
TYNDP 2026 draft Scenario

Methodology Report)
Lignite price per region
Assumed liquid imports
in form of ammonia
Estimated base price NT+ scenario (Source:
per import source TYNDP 2026 draft Scenario
Methodology Report)

11 For the target-year 2035, all Scenario values are interpolated.

12 Lignite group 1: Bulgaria, North Macedonia, and Czech Republic.

13 Lignite group 2: Slovakia, Germany, Serbia, Poland, Montenegro, UK, Ireland, and Bosnia and Herzegovina.

14 Lignite group 3: Slovenia, Romania, and Hungary.

15 Lignite group 4: Greece and Turkey.

Ten-Year Network Development Plan 2026 — Annex D1 | 11



Hatket assumption mm“

Hydrogen
production
from
natural gas
with CCS

Hydrogen
production
from
nuclear

Hydrogen
production prices
(unit: €/MWhH, ey)

Hydrogen
production
from
renewables

Algeria
Ukraine

Hydrogen
Supply Potentials
(unit: TWh/y (GCV))

Tunesia
Ammonia
Morocco

Total

SMR and ATR capacities at
country level

Electrolysers

Water Prices

Thermal power plants

Demand-side response

Hydro storages

Battery storages

RES plants

Electricity generation profiles
of RES

VoLL (unit: €/MWh,)

69.8 86.4
26.7 26.4
0.4 0.4
29.1 57.9
25.1 38.3
69.9 78.1
137.6 243.9
0.0 314
261.8 449.7

Technical parameters,
economic parameters,
capacities and their
localisation.

Per type (e.g., onshore
wind, offshore wind,
photovoltaic solar,
concentrated solar power,
other RES) and per
country.

3.000

12 | Ten-Year Network Development Plan 2026 — Annex D1

Hydrogen produced by SMR or
ATR with CCS to capture and store
90 % of the CO,.

Hydrogen produced by water
electrolysis using electricity from
nuclear energy. If the electricity
price is higher in the relevant
bidding zone, also the hydrogen
production cost will be higher.

The maximum extra-EU hydrogen
supply potentials to Europe in the
NT+ scenario.

The production capacities of SMR
and ATR plants in each country
and differentiation into those that
are coupled with CCS and those
that are not.

Assets that use electricity to split
water into hydrogen and oxygen.

Used to assign a VO&M value to
Electrolysis based on country
specific water prices.

Power plants that generate
electricity by converting heat
energy, typically from fossil fuels.

Adjustments in electricity
consumption by end-users in
response to supply conditions or
price signals.

Facilities that store energy in the
form of water in reservoirs, used
for hydroelectric power
generation.

Systems that store electrical
energy in batteries for later use.

Renewable Energy Source plants
that generate electricity from
renewable resources like wind,
solar, or hydro.

Patterns of electricity generation
over time from renewable energy
sources.

Value of Lost Load, representing
the cost of unserved electricity to
consumers.

NT+ scenario (Source:
TYNDP 2026 draft Scenario
Methodology Report)

TYNDP 2026 Draft Scenario
Methodology Report



Harket assumption mm“

250 €/MWh,,
CODH (unit: €/MWh,,)

888.09 unit: €/MWhel

Technical parameters:
working gas volume as
submitted, standardised
injection and withdrawal
curves, 1 % of hydrogen
consumption for hydrogen
injection (simplified
assumption, as the
hydrogen storages’
compressors are expected
to run on electricity),
localisation as submitted.

Hydrogen storages

Elastic (i.e., this demand is
price-sensitive) and
inelastic (i.e., this demand
is only interrupted if
insufficient supply is
available at costs below the
VoLL) electricity demand.

Electricity demand

Elastic (i.e., this demand is
price-sensitive) and
inelastic (i.e., this demand
is only interrupted if
insufficient supply is
available at costs below the
Cost of Disrupted
Hydrogen) hydrogen
demand.

Hydrogen demand

Introduction of a hurdle
cost for cross-border flows
and a WTP differentiation
to formalise the intended
limitations of the
cooperation mode.

Cooperation mode

Estimated cost of hydrogen
disruption for calculation of the
market rents (B4) based on the
estimated willingness to pay of
hydrogen users.

The proposed estimated cost of

disruption value should be higher
than the most expensive hydrogen

import source.

Estimated cost of hydrogen

disruption for monetisation of B5.

Facilities to store hydrogen
underground.

The total amount of electricity
required by all users at bidding-
zone level.

The total amount of hydrogen
required by all users at country
level.

In addition, total hydrogen
demand at country level is

assigned to the different hydrogen
zones within the country (i.e., by

default Zone 1 and Zone 2).

For countries with two hydrogen
zones the shares of demand are

ENTSOG

Based on submissions of
project promoters during
TYNDP 2026 project
submission phase.

TYNDP 2026 draft Scenario
Methodology Report
(Climate stress case data
requested from ENTSO-E).

TYNDP 2026 draft Scenario
Methodology Report for
hydrogen demand per
country.

ENTSOG based on project
promoters for shares of

listed in Annex IV. hydrogen demand assigned

For countries with hydrogen per zone within a country.

topology composed by 3 or more
zones, shares of hydrogen demand
were considered as provided by
project promoters.

A small hurdle cost is implemented for cross-border flows to limit
the cooperation between countries. This way, a country with a
hydrogen supply surplus will only supply an amount of hydrogen
with its neighboring countries that does not result in curtailment
of its own hydrogen demand. First, it would help to satisfy the
hydrogen demand of its direct neighbors. By being a small hurdle
cost, this hurdle cost will not distort the benefits indicators.

If a country with a hydrogen supply surplus has several direct
neighbors and it cannot help to mitigate all hydrogen demand
curtailment in all of them, they will be helped equally in terms of
the resulting hydrogen curtailment rates. This can be achieved by
defining the WTPH, value being slightly increasing with the
curtailment rate in a country, with the value stated above in the
center. This differentiation must be smaller than the hurdle cost to
not distort the limitation of the cooperation.

This extra rule is needed as otherwise the allocation of hydrogen

supply to neighboring countries could be a random output of the
model. (Source: ENTSOG)

Table 1: Summary of the market assumptions considered by DHEM for TYNDP 2026 PS-CBA process.
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3.1

PROJECT ASSESSMENT

PROJECT GROUPING

A project can be assessed individually or in a group,
in the case where a set of functionally-related
projects need to be implemented together for their
benefits to materialise.

Introduction and definitions

Project advancement status

The project advancement status describes the
current phase of a project’'s implementation. The
options for this status are:

i) under consideration;
ii) planned;

iii) permitting;

iv) under construction.

The project advancement status is derived from the
information provided by the project promoter dur-
ing the TYNDP 2026 project submission process.

Enabling projects and enabled projects

An enabling project (or enabler) is a project which
is indispensable for the realisation of an enabled
project, in order for the latter to start operation and
to show any benefit. The enabler itself might not
bring any direct capacity increment.

If an enabling project’'s advancement status is
“under consideration”, the enabled project’s
advancement status is also considered as “under
consideration”

EXAMPLE: ENABLING PROJECT -
ENABLED PROJECT

Description: Project A connects a supply
source with Point 1. Project B connects Point
1 with demand. Without Project A, Project B
would have no connected supply source. Also,
it relies on Project A's pressure provision to
create its own transport capacity. Thus,
Project A is indispensable for the realisation
of Project B. Project A is enabler of Project B.
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Enhancing projects and enhanced projects

An enhancing project (or enhancer) is a comple-
mentary project that would allow another project
(i.e., the enhanced project) to get improved. This
could mean that synergies are created compared
to the enhanced project operating on its own basis,
increasing the benefits arising from the realisation
of the enhanced project. An enhancer, unlike an
enabler, is not strictly required for the realisation of
the enhanced project.

EXAMPLE: ENHANCING PROJECT -
ENHANCED PROJECT

Case: Project A connects a supply source with
Point 1. Project B connects Point 1 with
demand. While Project B creates sufficient
capacity to satisfy the demand, the supply
source connected by Project A is not suffi-
cient. Project C connects another supply
source with Point 1, increasing the benefits
that can be provided with Project B. Project C
is not strictly required for the realisation of
Project B but increases its benefits. Project C
is enhancer of Project B.

Grouping principles

To avoid over clustering of investments when
grouping them together, it is important to ana-
lyse projects’ interlinkages (i.e., enabler/enabled
relationships, enhancer/enhanced relationship)
and take into consideration other factors such as
their maturity status and/or project advancement.
Therefore, the following grouping principles are
applied:

4 Projects should be grouped together when
there is a functional relationship between them:

— As a minimum, the transmission projects on
both sides of a boarder that jointly form an
interconnector must be grouped together.

— As aminimum, a hydrogen reception termi-
nal and its connecting pipeline to the hydro-
gen grid must be grouped together.

— As a minimum, a hydrogen storage and its
connecting pipeline to the hydrogen grid
must be grouped together.
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Projects can only be grouped together if they
are at maximum one project advancement
status apart from each other.

Projects can only be grouped together if their
commissioning dates are not more than five
years apart from each other.

Projects that are enabled projects can only be
grouped together with their enabling project.

Projects that are enabling projects under con-
sideration can only be grouped with enabled
projects of the same project advancement
status.

Anenabled project can only be grouped with an
enabling project if the enabling project’s com-
missioning year is equal to or before the com-
mission year of the enabled project.

Competing projects need to be assessed
separately and as many groups as projects in
competition should be established, with only
the competing project amended while the rest
of the group stays unchanged. There are
several possible sources of information about
the competing nature of certain projects:

— Competition identified by the involved pro-
ject promoters.

— Competition between projects connecting
an outside-EU supply source with a specific
Member State. It is derived by comparing
the NT+ scenario’s supply potential for this
outside-EU supply source with the import
capacities into this Member State provided

Picture courtesy of TAG

by projects. There is competition if a
reduced set of projects would provide suffi-
cient capacity to import the supply source’s
full supply potential (e.g, if a supply source
has a supply potential of 50 and there are
two projects submitted to connect this
supply source to the same country with a
capacity of 60 and 70 respectively).

4 Enhancing project(s) need to be grouped with

and without the enhanced project. The benefit
indicators and economic performance indica-
tors that can be calculated for the groups with
and without the enhancing project(s) allow the
determination if the benefits related to the
enhancement are justifying the additional in-
vestments related to the enhancing project(s).

In case of a project consisting of multiple
phases!6, each phase should be assessed
separately in order to evaluate the incremental
impact of all phases (e. g, in case of a project
composed of two different phases, one group
considers only phase 1 while a second group
considers phase 1 and phase 2).

Projects that are connecting outside-EU supply
sources with demand along a hydrogen
corridor should be grouped together. Pipelines
connecting extra-EU hydrogen supplies (i.e.,
extra-EU hydrogen supply corridor) should be
grouped with the directly or indirectly
connected EU-countries or European demand
centre(s).

16 Multi-phase investments projects are composed of two or more sequential phases, where the first phase is required for the realisation of the following

phases (e.g, extension and capacity increase of reception terminal, capacity increase of import route, extension and capacity increase of a hydrogen storage,

etc.).
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3.2

3.21

3.2.2

PROJECT-SPECIFIC COST-BENEFIT ANALYSIS (PS-CBA)

QUANTIFICATION AND MONETISATION PRINCIPLES

The TYNDP 2026 PS-CBA combines monetary
CBA elements with non-monetary and qualitative
aspects through a Multi-Criteria Analysis (MCA).
Its broader scope reflects the need to account for
non-monetary impacts in energy markets, while
quantitative indicators ensure clear and compara-
ble information regardless of monetisation.

Monetisation requires careful avoidance of double-
counting. Each benefit indicator independently

measures a project’s contribution to one criterion,
with any overlapping components removed as
specified. Monetisation should only be used when
sufficiently reliable; otherwise, non-monetised
quantitative benefits should be retained to avoid
non-robust benefit-cost comparisons. More infor-
mation on the quantification and monetisation
principles can be found in the Methodology for
Cost-Benefit Analyses of Hydrogen Infrastructure

Projects.

INTRODUCTION AND OVERVIEW OF BENEFIT INDICATORS

The TEN-E Regulation has identified four main
criteria for the assessment of hydrogen projects:
sustainability, security of supply and flexibility, com-
petition, and market integration. In line with those
criteria, hydrogen infrastructure projects’ potential
benefits will be measured in the PS-CBA process
through the variation of the following benefit indica-
tors:

4 Bl: Societal benefit due to GHG emissions
variations

4 B2: Societal benefit due to non-GHG
emissions variations

Benefit indicators:

B1: GHG emissions variation

CO; eq. emissions (unit: t CO, eq/y or M€/y)

4 B3.1: Integration of renewable electricity
generation

4 B3.2: Integration of renewable and
low-carbon hydrogen

4 BA4: Increase of market rents
4 B5: Reduction in exposure to curtailed
hydrogen demand

This is summarised in Figure 6.

Residual impact:

CAPEX
unit: M€

Environmental impact
Qualitative (unit: M€/y)

B2: Non-GHG emissions variation

Non-GHG emissions (unit: t non-GHG emission/y or M€/y)

OPEX

B3: Integration of renewable electricity generation

Renewable energy curtailment (unit: GWh/y)

B3.2: Integration of renewable and low-carbon H,

Hydrogen supply (unit: GWh/y)

Sustainability

B4: Increase of market rents

Unit: Increased rents (unit: M €/y)

Market integration

B5: Reduction in exposure to CD under stress-case weather year
Curtailed H, demand (unit: GWh/y or M€/y)

Security of supply

Figure 6: Proposed benefit indicators under TYNDP 2026 PS-CBA process
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3.2.3

All benefit indicators are calculated through the

incremental approach (as described in CBA Meth-

odology, Chapter 3.2.3) in order to evaluate the
EU-related contribution of a (group of) project(s).

For all categories of hydrogen projects falling under
Annex [I(3) of the TEN-E Regulation, all benefit
indicators will be calculated.

The benefit indicators GHG emissions variations
(B1), non-GHG emissions variations (B2), inte-
gration of renewable electricity generation (B3.1),
integration of renewable and low-carbon hydrogen
(B3.2) and increase of market rents (B4) are based

B1: GHG EMISSIONS VARIATION

on the same DHEM base-case simulation, while
different simulation output parameters are used for
their calculations.

The reduction in exposure to curtailed hydrogen
demand indicator (B5) uses a dedicated DHEM
simulation based on a more stressful climate year
than the reference case used for other indicators.
This is followed by a DGM simulation that also
accounts for natural gas system constraints, testing
whether sufficient natural gas is available to support
the required hydrogen production.

This benefit indicator (B1) measures the variations in GHG emissions as a result of

4 Considers the change of GHG emissions as a result of changing the generation mix of the

electricity sector and the supply sources used to meet hydrogen demand;

Calculates the GHG emissions by multiplying the usage of electricity generation type (e.g.,
coal-fired power plant), hydrogen production type (e.g., unabated SMR), and hydrogen
import options (e.g., low-carbon hydrogen from Norway) with respective CO, equivalent

Includes savings in GHG emissions through the reduction of demand curtailment in the
hydrogen and electricity sectors by the replacement or reduction of alternative fuels

Is first expressed in quantitative terms in tons of CO, equivalent emissions savings per year

Can be expressed in monetary terms (€/y) by multiplying the CO, equivalent emissions
savings (tC0,.,/Y) by the societal cost of carbon (€/tC0,.,) of the corresponding simulated
year, additionally considering double-counting with the increase of market rents indicator

This benefit indicator (B1) is interlinked with the integration of renewable electricity generation
indicator (B3.1), the integration of renewable and low-carbon hydrogen indicator (B3.2), and

AL implementing a (group of) project(s).
This benefit indicator (B1)
4
emission factors capturing direct emissions;
INDICATOR CALCULATION 4
(natural gas/light oil or coal)
4
(tCOZ-eq/y);
4
(B4).
MODEL USED Dual Hydrogen/Electricity Model (DHEM)
INTERLINKAGE WITH OTHER
INDICATORS

the increase of market rents indicator (B4). Since the interlinked benefit indicators are either
not monetised or the potentially mutual benefits are removed, double-counting is avoided.

Using the simulation outputs of the objective function of the DHEM the following formula is applied.
The simulation outputs thereby cover all elements of the formula except the GHG emission factors.
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Using the simulation outputs of the objective
function of the DHEM under consideration of the
alternative fuel approach for both, hydrogen and

AGHG emissions enabled by (group of )project(s)

electricity sector, the following formula is applied.
The simulation outputs thereby cover all elements
of the formula except the GHG emission factors.

= E (power generation; yith (group of) project(s) X CO2_eqe€mission factor;)

i

m
+Z(hydrogen Production; itk (group of) project(s)

X C0,_eqemission factor;)

+Z(hydrogen import from supply potential; vitn (group of)project(s)

l
xC0,_cqemission factor;)

+Z (Curtalled energyiwith (group of)project(s) X CO2—eqeMission factorl)>

( (power generation; yithout (group of)project(s) X CO2—eqemission factor;)

i

Z(hydrogen productzonl without (group of) project(s)

X COZ_eq emission factor;)

+Z( hydrogen import from supply potential; yitnout (group of) project(s)

!
X C0y_cqemission factor;)

S]
+Z ' (Curtailed energyiwith (group of) project(s) X CO2—eqemission factori))
L

On the basis of:

4

4

n: number of different types of electricity gen-
eration.

m: number of different types of hydrogen pro-
duction.

r: number of different supply sources that are
considered with the supply potential approach.

All CO, equivalent emission factors proposed
for the TYNDP 2026 PS-CBA process capture
direct GHG emissions as detailed in Annex II.

Power generation;: amount of electricity pro-
duced by power generation of type i’ (e. g, coal-
fired power plant, etc.). Variations with and
without the (group of) project(s) result from
changing the generation mix and total genera-
tion of the electricity sector.

CO;., emission factor;: GHG emission factor
expressed in CO, equivalence of power genera-
tion of type ‘i’ per unit of energy generated in
form of electricity.
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Hydrogen production;: amount of hydrogen
produced by hydrogen production from natural
gas of type J' (e. g, unabated hydrogen produc-
tion from natural gas with SMR, low-carbon
hydrogen production from natural gas with
SMR and CCS, etc.). Variations with and with-
out the (group of) project(s) result from chang-
ing the usage of supply sources and the total
production and imports of hydrogen if the
country is not considered with the supply
potential approach. Electrolytic hydrogen
production is already addressed by the power
generation term of the formula as the electro-
lyser usage itself is not causing additional GHG
emissions.f is not causing additional GHG
emissions.

CO,.q emission factor;: GHG emission factor
expressed in CO, equivalence of hydrogen pro-
duction of type ‘j' per unit of energy produced
in form of hydrogen.

Hydrogen import from supply potential;:
amount of hydrogen imported from hydrogen



source that is considered with the supply
potential approach of type I’ It is used to cap-
ture the changes of imports from supply
sources that are considered with the supply
potential approach.

4 CO,.q emission factor,: GHG emission factor
expressed in CO, equivalence of hydrogen
source considered with the supply potential
approach of type 'I' per unit of energy used.

4 s: number of sectors in the DHEM (i.e. hydro-
gen and electricity).

4 Curtailed energy: amount of unsatisfied
energy demand from electricity and hydrogen
sectors.

4 CO,.q emission factor;: assumed GHG emis-
sion factor expressed in CO, equivalence per
unit of unsatisfied energy demand from hydro-
gen and electricity systems.

The resulting amount of variation of GHG emissions
in tons of CO,.eq shall be valued in monetary terms.
The unitis €/y.

There are different approaches to monetise GHG
emissions:

4 To simulate an expected market behaviour, it is
prudent to include those costs of GHG emis-
sions that must be paid by market participants,
as those will influence their decision making.
These costs are related to the Emission Trading
Scheme (ETS). They are internalised into the
increase of market rents indicator (B4) through
the producer rent, as the marginal costs of each
production asset is defined as the sum of the
fuel cost, variable operation and maintenance
costs, as well as the ETS price (as forecasted in
the scenarios). Therefore, the increase of
market rents indicator (B4) already considers a
certain monetisation of GHG emissions.

Monetisation factor (B1)2°

Proposed societal cost of carbon (published 2024 by EIB) (unit: €/1CO,.,)

Proposed societal cost of carbon (factored by Eurostat inflation index 20252!) (unit: €/tCO,.,,)

4 However, also a societal cost of carbon can be
established based on two concepts that typi-
cally consider higher cost of carbon than the
ETSY7:

— The social cost (or social cost of carbon)
that represents the total net damage of an
extra metric ton of CO, emissions due to
the associated climate change, and

— The shadow price (or shadow cost of
carbon) that is determined by the climate
goal under consideration. It can be inter-
preted as the willingness to pay for impos-
ing the goal as a political constraint.

4 This benefit indicator (B1) aims to monetise
the GHG emissions variations resulting from
the implementation of a (group of) project(s)
with societal cost of carbon. These costs do not
influence the market behaviour as it is not paid
by a market participant as a direct conse-
quence of its actions. Therefore, the assess-
ment of this benefit indicator (B1) is based on
the same market behaviour as the increase of
market rents indicator (B4). Since latter bene-
fit indicator (B4) already captures the ETS-
related costs, they are removed from this bene-
fit indicator (B1) to avoid a double-counting of
benefits.

The societal cost of carbon used for this benefit
indicator (B1) should be based on reputable sci-
entific investigations and international studies. In
line with the EC technical guidance on the climate
proofing of infrastructure in 2021-202718 and
EC Economic Appraisal Vademecum 2021-2027
General Principles and Sector Applications!?, the
reference values for the monetisation of the Bl indi-
cator are societal cost of carbon that are based on
the shadow cost of carbon as detailed in Table 2.

2035 2040
387.5 525.0
394.9 535.0

Table 2: Proposed societal cost of carbon for TYNDP 2026 PS-CBA process for simulated years (Source: EIB Group
Climate Bank Roadmap 2021-2025 and EIB Climate Bank Roadmap Progress Report 2022).

17 IPCC Special report on the impacts of global warming of 1.5°C (2018) - Chapter 2.

18 Commission Notice Technical guidance on the climate proofing of infrastructure in the period 2021-2027

19 Economic Appraisal Vademecum 2021-2027 General Principles and Sector Applications

20 Monetisation factor of B1 indicator for non-simulated years will be based on linear interpolation

21 The numbers for SCC published by the EIB in 2024 were factored by 1.9 % EU-wide annual inflation, based on
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In order to ensure consistency throughout the time horizon, the already incurred costs (investment) shall
be considered as constant prices for the year of occurrence.

This benefit indicator (B1) is monetised as follows:

Bl onetisea = (Societal Cost of Carbon
x GHG emissions variations enabled by (group of )project(s))
— total GHG emission costs monetised in B4

On the basis of:

4 Societal Cost of Carbon: Cost of Carbon for the 4 Total GHG emission costs monetised in B4:

specific year. variation of GHG emission costs enabled by the
(group of) project(s) as considered in the
increase of market rents indicator (B4) on the
basis of the forecasted ETS price.

4 GHG emissions variations enabled by (group
of) project(s): as defined in the formula above.

EXAMPLE FOR A HYPOTHETICAL HYDROGEN STORAGE PROJECT

4 Case: The hydrogen storage project allows increased usage of renewable hydrogen
which replaces unabated hydrogen production from natural gas.

4 Assumed ETS price in the assessed year: 113.4 €/tCO,
4 Assumed societal cost of carbon in the assessed year: 324 €/tCO,
4 Results:

e Reduction of CO, equivalent emissions covered by the ETS and this benefit indicator (B1):
0.5 MtCO,/y

» Additional reduction of CO, equivalent derived from energy curtailment reduction (B1):
0.2 MtCO,/y

e Reduction of CO, equivalent emissions covered by the ETS and the increase of market
rents indicator (B4): 0.5 MtCO,/y

e Reduction of total CO, equivalent emissions covered by this benefit indicator (B1):
0.7 MtCO,/y

e CO, equivalent emissions variations monetised in the increase of market rents indicator
(B4): 0.05%113.4 M€/y =56.7 M€/y

4 CO, equivalent emissions variations monetised in this benefit indicator (B1):
0.7x324 M€/y - 56.7 M€/y = 170.1 M€/y

This benefit indicator (B1) is interlinked with: 4 The increase of market rents indicator (B4)
which also includes a monetisation of the part
of the GHG emissions as described above.
Therefore, the GHG emissions costs that are
monetised in the increase of market rents
indicator (B4) are removed from this benefit
indicator (B1) to avoid double-counting.

4  The integration of renewable electricity gener-
ation indicator (B3.1) as using more renewable
electricity generation reduces GHG emissions
in electricity generation, replacing more emit-
ting alternatives that would otherwise be used;

4 The integration of renewable and low-carbon
hydrogen indicator (B3.2) since a higher usage Since the interlinked benefit indicators are either
of renewable and low-carbon hydrogen can not monetised or the potentially mutual benefits
allow to replace alternatives that have higher are removed, double-counting is avoided.

CO, equivalent emission factors, which reduc-

The change of hydrogen demand curtailment under
es GHG emissions;

normal conditions is displayed as extra information
under the increase of market rents indicator (B4).
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3.24 B2: NON-GHG EMISSIONS VARIATION

This benefit indicator (B2) measures the reduction in non-GHG emissions as a result of

Considers the change of non-GHG emissions as a result of changing the generation mix of the
electricity sector and the supply source used to meet hydrogen demand;

Calculates the non-GHG emissions for each assessed pollutant by multiplying the usage of
electricity generation type (e.g., coal-fired power plant), hydrogen production type (e.g.,
unabated SMR), with respective emission factors reflecting direct emissions;

Includes savings in non-GHG emissions through the reduction of demand curtailment in the
hydrogen and electricity sectors by the replacement or replacement of alternative fuels
(natural gas/light oil or coal).Is first expressed in quantitative terms in variations of tons of
pollutant emitted per year (e.g., tNO,/y, tSO,/y, tPM/y, etc.);

Can be further expressed in monetary terms (€/y) by multiplying the non-GHG emission
variations (t [Pollutant]/y) by the damage cost of air pollutants (€/t [Pollutant]) of the

This benefit indicator (B2) is interlinked with the integration of renewable electricity generation

ELIION implementing a (group of) project(s).
This benefit indicator (B2)

4

4
INDICATOR CALCULATION 4

4

simulated year.

MODEL USED Dual Hydrogen/Electricity Model (DHEM)
INTERLINKAGE WITH OTHER
INDICATORS

In the EU, the Directive (EU) 2016/2284 sets
national emissions reduction commitments for
five different air pollutants: nitrogen oxides (NO,),
sulphur dioxides (SO,), coarse and fine particulate
matter (i.e., PM 10 and PM 2.5), non-methane vola-
tile organic compounds (i.e., NMVOC), and ammo-
nia (NH,). Also, the European Commission has
set in the European Green Deal the zero-pollution
ambition for a toxic-free environment?2, in addition
to 2030 targets for the reduction of air pollution, set
in the zero-pollution Action Plan23.

These pollutants contribute to poor air quality, with
significant negative impact on human health and
the environment. Energy use in transport, industry
and in power sectors, as well as in heat generation,
are major sources of emissions especially for NO,
and S0,

indicator (B3.1) and the integration of renewable and low-carbon hydrogen indicator (B3.2).
Since the interlinked benefit indicators are not monetised, double-counting is avoided.

In this context, hydrogen infrastructure could
significantly contribute to the fulfilment of the
above-mentioned targets, as hydrogen causes
almost no air pollution when used.

The emissions factors greatly differ depending on
the use of the fuel, and in particular depending on
combustion technigues and abatement techniques.
Ideally, each fuel user in the model would have a
different emission factor for each air pollutant con-
sidered in the assessment. To simplify the calcula-
tion of the indicator, it is recommended to consider
one emission factor per pollutant and technology
type.

Using the simulation outputs of the objective
function of the DHEM under consideration of the
alternative fuel approach, the following formula is
applied. The simulation outputs thereby cover all
elements of the formula except the GHG emission
factors.

22 EC Communication: “Pathway to a Healthy Planet for All”

23 EU Action Plan: “Towards Zero Pollution for Air, Water and Soil”
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ANon — GHG emissions enabled by (group of) project(s),,

n
= <Z (power generationi,with (group of) project(s) xNon
i

— GHG emission factor;, )

m
+ Z ) (hydrogen prOduCtionj,with (group of) project(s)
]

x Non — GHG emission factor;, )

r
+ Zz (hydrogen import from supply potential yith (group of) project(s) X Non

— GHG emission f actorl,y)

S
-+ Z _ (Curtailed energy; with (group of) project(s) X Nomn
l

— GHG emission factorl-,y)>

n
- (Z . (power generationi,without (group of) project(s) xNon
i

— GHG emission f actori,y)

m
+ Z ) (hydrogen prOduCtionj,without (group of) project(s)
J

xNon — GHG emission factorj’y)

T
+ Zl (hydrogen import from supply potential; ithout (group of) project(s)

xNon — GHG emission factorl_y)

s
+ Z ) (Curtailed enerygyiwithout (group of) project(s)xNon
i

— GHG emission factorl-,y))

On the basis of:

4

4

n: number of different types of electricity gen-
eration.

m: number of different types of hydrogen pro-
duction.

r: number of different supply sources that are
considered with the supply potential approach.

All non-GHG emissions factors capture direct
non-GHG emissions variation from nitrogen
oxides (NO,), sulphur dioxide (S,0) and partic-
ulate matter (fine particles and coarse parti-
cles) from stationary fuel combustion (as de-
scribed in Annex I11).

Power generation;: Amount of electricity pro-
duced by power generation of type ‘i. Varia-
tions with and without the (group of) project(s)
are resulting from changing the generation mix
and total generation of the electricity sector.
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4

Non-GHG emission factor; ,: non-GHG emis-
sion factor for pollutant 'y’ of power generation
of type ‘i’ per unit of energy generated in form
of electricity.

Hydrogen production;: Amount of hydrogen
produced from natural gas by hydrogen
production of type ‘j' (e. g, unabated hydrogen
production from natural gas with SMR,
low-carbon hydrogen production from natural
gas with SMR and CCS, etc.). Variations with
and without the (group of) project(s) are
resulting from changing the usage of supply
sources and the total production and imports
of hydrogen if the country is not considered
with the supply potential approach. Electrolytic
hydrogen production is already addressed by
the power generation term of the formula as
the electrolyser usage itself is not causing
additional non-GHG emissions.



4 Non-GHG emission factor; ,: non-GHG emis-
sion factor for pollutant 'y’ of hydrogen produc-
tion of type ‘i’ per unit of energy produced in the
form of hydrogen. Variations with and without
the (group of) project(s) are resulting from
changing the supply sources used to meet the
hydrogen demand (e.g, unabated hydrogen
production from natural gas, low-carbon, or
electrolytic hydrogen) and the total production
and imports of hydrogen.

4 Hydrogen import from supply potentiall:
Amount of hydrogen imported from hydrogen
source that is considered with the supply
potential approach of type I.

4 Non-GHG emission factor, ,: GHG emission
factor for pollutant 'y’ of hydrogen source that
is considered with the supply potential
approach of type ‘I per unit of energy used.

4 s: number of sectors in the DHEM (i.e. hydro-
gen and electricity).

4 Curtailed energy;: Amount of unsatisfied
energy demand from electricity and hydrogen
sectors.

4 Non-GHG emission factor;: Non-GHG emis-
sion factor for pollutant 'y’ expressed in tonne
of pollutant per year per unit of unsatisfied
energy demand from hydrogen and electricity
systems.

The formula is applied to each assessed non-
GHG pollutant individually. The set of the result-
ing quantitative non-GHG emission reductions is
the non-monetised non-GHG emissions variation
indicator (B2).

The monetisation of the variations of emissions from the considered air pollutants is described as follows:

B2 onetised = Z(Non — GHG emissions variation by (group of) project(s), x Damage cost,)

y

On the basis of:

4 Non-GHG emission variation by (group of)
project(s),: Result for non-GHG emissions
variation for pollutant 'y’ (t [Pollutant]/y).

Pollutant

PM 10
PM 2.5
NH

3

NMVOC

4 Damage cost,: Cost of the emission of pollut-
ant'y’ (€/t [Pollutant]).

Average EU damage cost (unit: € (2025)/t pollutant)

19.09 53.40
20.15 47.67
64.00 175.46
107.52 294.78
23.61 64.98
2.29 257

Table 3: Average EU damage cost per tonne of pollutant (Source: European Environment Agency?24).

Damage costs per ton of each pollutant were quan-
tified as EU average by the European Environment
Agency (EEA). A sensitivity analysis has been per-
formed using two commonly applied methods for
valuing mortality, i.e., the value of statistical life
(VSL) and the value of a life year (VOLY)?25.

The former is based on the number of deaths asso-
ciated with air pollution, while the latter is based
upon the loss of life expectancy (expressed as years
of life lost, or YOLLs). The ranges of external costs
(low = high) included in the Table 3 correspond to
the values estimated by EEA27 using these two
methods.

24 European Environment Agency: Estimating the external costs of industrial air pollution: Trends 2012-2021, Technical note on the methodology and

additional results from the EEA briefing 24/2023, Table 3.1.
25 See here
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For the monetisation of this benefit indicator (B2)
in the TYNDP 2026 PS-CBA process, ENTSOG pro-
poses to consider the average (EU) damage costs
based on the value of a life year (VOLY) or value of
statistical life (VSL) (see Table 3).

Based on the public consultation, ENTSOG will con-
tinue to monetise non-GHG emissions, although
the monetisation of impacts is subject to a degree
of uncertainty. To avoid overestimation, scientific
evidence recommends the use of VOLY for B2, with
VSL applied only as part of sensitivity analyses.

EXAMPLE FOR A HYPOTHETICAL HYDROGEN IMPORT TERMINAL

PROJECT

4 Case: the hydrogen import terminal project allows increased usage of renewable hydrogen
which replaces unabated hydrogen production from natural gas. Pollutant y and pollutant x

are assessed.

4 Assumed damage cost of pollutant y in the assessed year: 100 €/t pollutant y

4 Assumed damage cost of pollutant x in the assessed year: 200 €/t pollutant x

4 Non-monetised results of this benefit indicator (B2):

— Reduction of emissions of pollutant y: 0.1 Mt pollutant y/y

— Reduction of emissions of pollutant x: 0.05 Mt pollutant x/y

4 Non-GHG emissions variations monetised in this benefit indicator (B2):

100 x 0.1 M€/y + 200 x 0.05 M€/y = 20 ME/y

This benefit indicator (B2) is interlinked with:

4 The integration of renewable electricity gener-
ation indicator (B3.1) as using more renewable
electricity generation reduces non-GHG emis-
sions in electricity generation, replacing more
emitting alternatives that would otherwise be
used;

4 The integration of renewable and low-carbon
hydrogen indicator (B3.2) since a higher usage
of renewable and low-carbon hydrogen can
allow to replace alternatives that have higher
emission factors, which reduces non-GHG
emissions;
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Since the interlinked benefit indicators are not
monetised, double-counting is avoided.

The change of hydrogen demand curtailment under
normal conditions is displayed as extra information
under the increase of market rents indicator (B4).

This benefit indicator (B2) alone should not justify
the societal viability of a project. Therefore, eco-
nomic performance indicators (see section 4) will
be prepared with and without consideration of this
benefit indicator (B2).



3.25

B3.1: INTEGRATION OF RENEWABLE ELECTRICITY GENERATION

This benefit indicator (B3.1) measures the reduction of renewable electricity generation

Calculates the sum of all non-curtailed renewable electricity production within the EU;

Is not monetised, since it is already monetised as part of other benefit indicators.

This benefit indicator (B3.1) is interlinked with the GHG emissions variation indicator (B1),

the non-GHG emissions variations indicator (B2), the integration of renewable electricity

ELIION curtailment as a result of implementing a (group of) project(s).
This benefit indicator (B3.1)
4 Considers the amount of electricity that is provided by RES;
INDICATOR CALCULATION A
4 s expressed quantitatively in terms of energy (MWh/y);
4
MODEL USED Dual Hydrogen/Electricity Model (DHEM)
INTERLINKAGE WITH OTHER
INDICATORS

indicator (B3.2), the increase of market rents indicator (B4), and the reduction in exposure to

curtailed hydrogen demand indicator (B5). Since this benefit indicator (B3.1) is not monetised,

double-counting is avoided.

Using the simulation outputs of the objective function of the DHEM, the following formula is applied.

B3.1

n

=Z(uncurtailed renewable electricity generation; yich (group of) project(s))

i

—Z(uncurtailed renewable electricity generation; yithout (group of) project(s))

L

On the basis of:

4

n: number of types of renewable generation.

4 Uncurtailed renewable electricity genera-

tion;: amount of uncurtailed electricity
produced by RES of type “i" (MWh/y).

EXAMPLE FOR A HYPOTHETICAL HYDROGEN STORAGE PROJECT

4

4

4

Case: The hydrogen storage project allows increased usage of renewable electricity production
by providing a storage option for renewable energy in the form of hydrogen.

Non-monetised results of this benefit indicator (B3.1):

« Variation of renewable electricity generation: +1 TWh/y

This benefit indicator (B3.1) is interlinked with

The GHG emissions variation indicator (B1) as
using more renewable electricity generation re-
duces GHG emissions in electricity generation,
replacing more emitting alternatives that would
otherwise be used;

The non-GHG emissions variations indicator
(B2) as using more renewable electricity
generation reduces non-GHG emissions in
electricity generation, replacing more emitting
alternatives that would otherwise be used;

4  The integration of renewable and low-carbon

hydrogen indicator (B3.2) through reduced
curtailment of renewable electricity generation
which can then replace more expensive
electricity generation and may allow for the
production of more electrolytic hydrogen that
can replace more expensive hydrogen sources
that are not renewable or low-carbon;
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4

The increase of market rents indicator (B4)
through reduced curtailment of renewable
electricity generation which can then replace
more expensive electricity generation and may
allow for the production of more electrolytic
hydrogen that can replace more expensive
hydrogen sources which changes the market
rents in the sectors;

The reduction in exposure to curtailed hydro-
gen demand indicator (B5) in case the
integration of renewable electricity is also

improved for the more stressful weather year
used for the calculation of the reduction in
exposure to curtailed hydrogen demand
indicator (B5) and the additional renewable
electricity can be used to produce electrolytic
hydrogen that reduces hydrogen demand
curtailment.

Therefore, this benefit indicator (B3.1) is not
monetised to avoid double-counting.

3.2.6 B3.2: INTEGRATION OF RENEWABLE AND LOW-CARBON HYDROGEN

This benefit indicator (B3.2) measures the increase of the production of electrolytic and low-

carbon hydrogen as well as the increase in the import of renewable and low-carbon hydrogen

4 Considers the production of electrolytic and low-carbon hydrogen as well as the increase in

4 s not monetised, since it is already monetised as part of other benefit indicators.

This benefit indicator (B3.2) is interlinked with the GHG emissions variation indicator (B1), the

non-GHG emissions variation indicator (B2), the integration of renewable electricity generation

DEFINITION

as a result of implementing a (group of) project(s).

This benefit indicator (B3.2)
INDICATOR CALCULATION the import of renewable and low-carbon hydrogen;

4 s expressed quantitatively in terms of energy (MWh/y);

MODEL USED Dual Hydrogen/Electricity Model (DHEM)
INTERLINKAGE WITH OTHER
INDICATORS

double-counting is avoided.

indicator (B3.1), the increase of market rents indicator (B4), and the reduction in exposure to
curtailed hydrogen demand indicator (B5). Since this benefit indicator (B3.2) is not monetised,

Using the simulation outputs of the objective function of the DHEM under consideration of the alternative
fuel approach, the following formula is applied:

Electrolytic hydrogen production,tn (group of) project(s)

+Low carbon hydrogen production,tn (group of) project(s)

+ Renewable hydrogen importsith (group of) project(s)

+ Low carbon hydrogen importSyith (group of) project(s)

— [ Electrolytic hydrogen production,,;thout (group of) project(s)

+ Low carbon hydrogen production,thout (group of) project(s)

+ Renewable hydrogen importSyithout (group of) project(s)

+ Low carbon hydrogen importsyithout (group of) project(s)

B3.2/ =

On the basis of:

4 Electrolytic hydrogen production: hydrogen
produced by electrolysers (MWh/y);

4 Low-carbon hydrogen production: hydrogen
produced from natural gas in combination with
CCS (MWh/y);

4 Renewable hydrogen imports: hydrogen

imported from supply sources that are consid-
ered to supply renewable hydrogen in the NT+
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scenario (MWh/y), i.e., North Afrika, Ukraine,
and imports by ship;

Low-carbon hydrogen imports: hydrogen
imported from supply sources that are consid-
ered to supply low-carbon hydrogen in the NT+
scenario (MWh/y), i.e., Norway.



EXAMPLE FOR A HYPOTHETICAL HYDROGEN TRANSMISSION
PROJECT

4 Case: country A's domestic hydrogen market is already is fully satisfied. As it is not connected
to other countries, which limits further usage of electrolytic hydrogen production. Country B's
hydrogen demand is satisfied with unabated hydrogen production from natural gas. The
hydrogen transmission project allows for exports from country A to country B. Thereby, it allows
for increased usage of electrolytic hydrogen production in country A. In the importing country
B, this reduces the usage of unabated hydrogen production from natural gas.

4 Non-monetised results of this benefit indicator (B3.2):

» Variation of relevant hydrogen production: +10 TWh/y

This benefit indicator (B3.2) is interlinked with 4 The increase of market rents indicator (B4)
through reduced curtailment of renewable
electricity generation which can then replace
more expensive electricity generation and may
allow for the production of additional electro-
lytic hydrogen, that can replace more expen-
sive hydrogen sources, hence changing market
rents in the sectors;

A4 The GHG emissions variation indicator (B1),
since a higher usage of renewable and low-car-
bon hydrogen can allow to replace alternatives
that have higher CO, equivalent emission
factors, which reduces GHG emissions;

A4 The non-GHG emissions variations indicator
(B2) since a higher usage of renewable and
low-carbon hydrogen can allow to replace
alternatives that have higher emission factors,
which reduces non-GHG emissions;

4 The reduction in exposure to curtailed hydro-
gen demand indicator (B5) in case the integra-
tion of renewable and low-carbon hydrogen is
also improved for the more stressful weather
year, used to calculate the reduction in expo-
sure to curtailed hydrogen demand indicator
(B5) and can be used to reduce hydrogen
demand curtailment.

4 The integration of renewable electricity gener-
ation indicator (B3.1) through reduced curtail-
ment of renewable electricity generation, which
can then replace more expensive electricity
generation and may allow for the production of
additional electrolytic hydrogen, that can Therefore, this benefit indicator (B3.2) is not
replace more expensive hydrogen sources that monetised to avoid double-counting.
are not renewable or low-carbon;

Picture courtesyof.Gassco
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3.2.7 B4:INCREASE OF MARKET RENTS

DEFINITION

This benefit indicator captures the change in market rents as a result of implementing

This benefit indicator is defined as the sum of the short-run economic surpluses?® of consumers,
producers, transmission owners (congestion rent beneficiaries, i.e., electricity transmission
system operators, while other parties like producers, consumers, or shippers could benefit from

hydrogen, depending on the hydrogen market rules and commercial contracts),) and cross-

sectoral rents beneficiaries (electrolysers). It considers both the electricity and the hydrogen

This benefit indicator (B4) is interlinked with the GHG emissions variation indicator (B1), the

integration of renewable electricity generation indicator (B3.1), the integration of renewable and

a (group of ) project(s).
INDICATOR CALCULATION
sector.
4 Thisindicator is directly expressed in monetised terms (€/y).
MODEL USED Dual Hydrogen/Electricity Model (DHEM)
INTERLINKAGE WITH OTHER
INDICATORS

low-carbon hydrogen indicator (B3.2), and the reduction in exposure to curtailed hydrogen

demand indicator (B5). Since the interlinked benefit indicators are either not monetised or the
potentially mutual benefits are removed, double-counting is avoided.

Inthe DHEM, the sum of the market rents is defined
with the total surplus approach that is further
detailed in section 2.8. Investments in produc-
tion capacities, transmission capacities, import

capacities, and storage solutions typically increase
the sum of these surpluses as they enable to match
the demand with cheaper supply sources.

The sum of all market rents along the sectors S € [electricity, hydrogen] is calculated as follows based on the

outputs of the objective function of the DHEM:

Market rentsgiopar

= Z Réonsumer + Z sz;roducer + Z R

jes jes Jjes
On the basis of:
J - .
4 Rqonsumer is the consumer rent of sector j€S.

j , .
A Rproducer is the producer rent of sector j €S.
j . .
4 Riorageis the storage rent of sector j€SS.
V|

] ) .
Rcongestian is the congestion rent of sector
j€S.

electricitye—hydrogen .
RCTOSS_SeCJ;or YATOIEN is the cross-sector rent
stemming from the interlinkage between the

electricity and hydrogen sectors.

A

j + Z R’ + Relectricitychydrogen

storage

congestion cross—sector

jes

Any component ceC of the energy system that
introduces coupling between the electricity and the
hydrogen sector (i.e., electrolysers and hydro-
gen-based power plants) belongs to a certain elec-
tricity bidding zone with a timestep-specific market
clearing price for electricity and to a certain hydro-
gen market area with a timestep-specific market
clearing price for hydrogen.

26 “Surplus”and “rent” are used interchangeably.
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The cross-sector rent is dependent on the price difference and is summed up over all timesteps te T (e.g.,
each hour of a year) by applying the following formula:

R electricity~hydrogen
cross—sector

_ ct ct ct

- z : |mcphydrogen X pcross—sector,hydrogen mcpelectrzctly X pcross —sector,electricity
teT ceC

On the basis of:

,t

4 mcp}iydrogen is the market clearing price of
hydrogen in the hydrogen market area of com-
ponent c at timestep t.

4 pcross—sector,hydrogen and

pcross—sector,electricity denote the compo-
nent's output or input power reference to the

ct
MCPelectricity is the market clearing price of
electricity in the electricity bidding zone of
component ¢ at timestep t.

hydrogen and electricity side, respectively.
These powers are different as they are coupled
with the component’s efficiency for the conver-

sion from one energy carrier into another.

The producer rent for sector j € Sis composed of the contributions of the production componentsceP (e.g.,
coal fired-power plants generating electricity, or SMR producing hydrogen) and is described by the following

formula:
producer Z Z(mcp

teT ceG

H c
— marginalCost®) x Pgeyeration,j

On the basis of:

t

4 me]C' is the market clearing price at time step
teT at the corresponding market area of
sectorjes.

4 marginalCost€ is the marginal cost of the
production asset type associated with compo-
nent ceP. The marginal cost includes the
ETS-related costs of associated direct GHG
emissions based on the ETS price forecast
used in the NT+ scenario.

i3 .
4 p;roduction_j is the energy output of compo-
nent c e G of sector jeS at timestep teT.

The storage rent for sector j € S is composed of the contributions from the storage components ce ST (e.g.,
batteries storing electricity, or hydrogen underground storages storing hydrogen) that contains the benefits
of arbitrage and is described by the following formula:

E E ot _ ot ot
storage (me pfrom storage,j mej X pinto storage,j)
teT ceST

On the basis of:

A pic{lto storage,j 1S the energy flow that is sent
into the storage component ceST of sector
jeSattimestepteT. Its sum over all timesteps
TC t|s typically bigger than the sum of
Pfrom storage,j over all timesteps T, as the
storage component ce ST is coupled with the
efficiency of its storage asset type.
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The consumer rent is determined by the following formula:

J _ P, ct ct
Rconsumer - Z Z(elastlaty - me]- ) S pconsumption,j

On the basis of:

4 elasticity€is the strike price level for which a
consumer or a demand side response (DSR)
component ceL is willing to buy energy from
the markets.

The congestion rent for sector j€S is summed up over i) all components ¢ € TR that provide capacity
between two market areas of the same sector and ii) all timesteps te T by the following formula:

j _ side 1,t _ side 2,t ct
Rcongestion - z 2|(mcpj mej ) X pexchange,j
teT ceTR
On the basis of:
side 1,t side 2,t . ) ct )
4 mMep; — mcp; is the difference 4 Pexchange,jis the energy flow between the two

between the market clearing prices of the two
market areas of sector j€S linked by compo-
nentce TR at timestepteT.

market areas of sector j€S linked by compo-
nentce TR at timestep teT.

The market rents are derived from the results of the objective function of the DHEM. The market rents
approach allows for a decomposition in order to consider the cross-sectoral links between the electricity and
hydrogen systems and to be able to, in principle, allocate benefits to individual countries or to a group of
countries.

AMarket rentsgopa

= Market rentsglobal,with (group of )project(s)
— Market rentsglobal,without (group of ))project(s)

4 The integration of renewable electricity gener-
ation indicator (B3.1) and the integration of re-
newable and low-carbon hydrogen indicator
(B3.2) as reduced curtailment of renewable
electricity generation is acting on all three indi-
cators. This is because reduced curtailment of

This benefit indicator (B4) considers the rents of
the hydrogen and electricity sectors, as well as the
cross-sector rents between them.

This benefit indicator (B4) is interlinked with:

4 The GHG emissions variations indicator (B1)

which also includes a monetisation of the GHG
emissions (see section 3.2.6). Therefore, GHG
emissions costs monetised as part of this
benefit indicator (B4) are removed from the
GHG emissions variation indicator (B1) to avoid
double-counting;

renewable electricity generation can replace
more expensive electricity generation and may
allow to produce additional electrolytic hydro-
gen that can replace more expensive hydrogen
sources, changing market rents in the sectors.

Since the interlinked benefit indicators are either
not monetised or the potentially mutual benefits
are removed, double-counting is avoided.
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3.2.8

Under this benefit indicator (B4), additional infor-
mation can be provided:

4 Reduction of hydrogen demand curtailment
(HDC) enabled by a (group of) project(s) with-
out stress cases to indicate its contribution to
security of hydrogen supply under normal con-
ditions and to judge if the GHG emissions

variation indicator (B1) and the non-GHG emis-
sions variation indicator (B2) are underesti-
mating the respective benefits of the (group of)
project(s);

4 Thechange ofthe market rents of the electricity
sector as an externality of the implementation
of the (group of) project(s).

B5: REDUCTION IN EXPOSURE TO CURTAILED HYDROGEN DEMAND

This benefit indicator (B5) measures the reduction of curtailed hydrogen demand in a given area
due to the implementation of the (group of) project(s).

4 s calculated under consideration of a more stressful weather year than the reference
weather year used for the other benefit indicators;

4 In afirst step, the DHEM is used to calculate the hydrogen demand curtailment (HDC)
in energetic terms (MWh) for the stressful weather year;

In a second step, the DHEM is used to calculate the HDC in energetic terms (MWh) for the

4 Inathird step, the HDC value provided by the third step is removed from the higher HDC
value as provided by the first two steps to remove double-counting with other benefit
indicators that use the reference weather year;

4 Can also be expressed in monetised terms (€/y), by applying assumptions on the CODH,
and an assumed frequency of the occurrence of such stressful weather years.

DEFINITION
This benefit indicator (B5)
INDICATOR CALCULATION 4
reference weather year;
MODEL USED

INTERLINKAGE WITH OTHER
INDICATORS

In contrast to the natural gas sector, currently no
dedicated EU law exists for the security of hydrogen
supply which would set infrastructure standards or
prescribe solidarity mechanisms between Member
States. This benefit indicator (Bb) is therefore less
strict than the security of supply assessments
performed for natural gas and that consider the
prolonged unavailability of major supply sources or
infrastructures.

While the climate year used for the calculation of
the other benefit indicators is supposed to be a
representative one, this benefit indicator (B5) is
calculated based on a weather year which is more
stressful due to

4 Lower renewable electricity production (limit-
ing the possibility to produce electrolytic
hydrogen) including:

— Onshore and offshore wind profiles,
— PV profiles,

— Water-based profiles; or

Dual Hydrogen/Electricity Model (DHEM)

No interlinkage, as other benefit indicators are calculated based on the reference weather year
and the HDC of the reference weather year is removed from this benefit indicator (B5).

4 Higher electricity consumption (limiting the
availability of electricity for electrolytic
hydrogen production), e.g. for heat pumps or
air conditioning; or

4 Acombination of cases described above.

Thereby, the supply and demand stress tests the
availability of alternatives like SMR capacities,
hydrogen storage capacities, hydrogen import
capacities through terminals and pipelines, and
inner-EU hydrogen interconnection capacities.

This benefit indicator captures the mitigation of
additional hydrogen demand curtailment intro-
duced by the (group of) project(s) for the stressful
weather year compared to the reference weather
year.

In a first step, the Hydrogen Demand Curtailment
(HDC) is calculated for the whole assessed duration
in energetic terms (MWh) with the DHEM. It can be
displayed on node level, country level, EU level, or
European level. It can also be displayed in relative
terms (%) as Hydrogen Curtailment Rate (HCR)
for the mentioned levels, representing the share of
total demand that is curtailed.
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The HDC is calculated for the stressful weather year
as well as for the reference weather year. For each
of the two weather years, the HDC is calculated with
and without the (group of) project(s).

AHD CDHEM,stress year

From this, a reduction of HDC due to the implemen-
tation of the (group of) project(s) can be calculated.

= HD CDHEM,European Union,stress year,with (group of) project(s)

—HD CDHEM,European Union,stress year,without (group of) project(s)

The DHEM is using hourly timesteps compared
to the monthly timesteps of the DGM. Therefore,
peaks of production and consumption show more
effect in the DHEM.

AHDCDGM,stress year

Furthermore, double-counting of HDC reductions
that were already considered in the other bene-
fit indicators should be avoided by considering
only the additional HDC arising from the stressful
weather year. This can be achieved by removing
the following HDC reduction that is enabled for the
reference weather year.

= (HD CDGM,European Union,stress year,with (group of) project(s)

—HD CDGM,European Union,stress year,without (group of) project(s))

The non-monetised benefit indicator is therefore defined as follows:

AHDCBS = MAX(MAX(AHDCDHEM,stTess year;AHD CDGM,stress year) - AHDCDHEM,Teference year;o)

This benefit indicator can then be monetised as follows:

B5,0netisea = CODH x AHDCgs x Probability of occurence

Based on:

4 CODH: Cost of Disrupted Hydrogen (€/MWh).

Cost of Disrupted Hydrogen (CODH)

The CODH should reflect the potential economic
impact of disruptions in hydrogen supply across
Europe. In contrast to the Willingness to Pay (CBA
Methodology Chapter 3 and section 2.9 of the
Annex D1) which should leave room for an actual
producer surplus, the CODH is the price that hydro-
gen users would pay to prevent damage to their
appliances and/or the price that a user would pay
in exceptional situations. Estimated CODH should
be high enough to reflect the loss of production/
damage of appliances/energy disruptions.
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4 Probability of occurrence: Probability of the
occurrence of a stressful weather year.

In this context, and as requested by ACER opin-
ion No 1372025, and ACER Opinion No 08/2023,
ENTSOG consulted. THE CODH value with the rel-
evant stakeholders, including industrial hydrogen
users. The consultation report is available on the
ENTSOG website.

Based on the feedback received to the public con-
sultation, for the TYNDP 2026 PS-CBA process,
ENTSOG proposes to assume CODH value as an
approximation equal to the electricity prices in a
context of tight energy supply and demand balance.



3.3

3.4

This approximation on the CODH value is proposed
for hydrogen applications where replacement of
hydrogen by other energy carriers is not possible
or rather limited. CODH will be defined as the max-
imum value of daily average wholesale electricity
prices from 2024 (i.e. 888.09 (€/MWhe), for more
details see Annex IV). Hydrogen demand with low
interchangeability represents approximately 50 %
of the final hydrogen demand.

Whereas, for hydrogen application where inter-
changeability is higher, CODH will be defined as
250 €/MWh,.

Hydrogen demand where hydrogen can be replaced
by other energy carriers represents approximately
50 % of the final hydrogen demand.

Stressful weather year and probability of occurrence

For the TYNDP 2026 PS-CBA process, ENTSOG proposes to consider the stressful weather scenario defined

in section 2.6. Weather Scenarios for each target-year.

ENVIRONMENTAL IMPACT

Hydrogen infrastructure has an impact on its
surroundings, particularly when crossing environ-
mentally sensitive areas such as Natura 2000,
with relevance for biodiversity. Promoters take
measures to reduce or fully mitigate this impact and

to comply with the EU EIA Directive and the Euro-
pean Commission Biodiversity Strategy. All inputs
on the environmental impact are shown in the CBA
Methodology, in Chapter 3.2.

CLIMATE ADAPTION MEASURES

Hydrogen infrastructure is long lasting and may
be exposed for many years to a changing climate
with increasingly adverse and frequent extreme
weather and climate impacts. In the TYNDP 2026
PS-CBA process, ENTSOG recommends that
project promoters assess climate vulnerability and
identify related climate risks as part of the project
assessment. In line with the European Commis-
sion Technical Guidance on the climate proofing of
infrastructure in the period 2021-2027, ENTSOG
recommends integrating the assessment of climate
vulnerability and related risk assessment from the
beginning of the project development process. All
details for this process can be assessed in our CBA
Methodology in Chapter 3.2.

As lined out in the CBA Methodology Chapter 3.2,
project promoters are asked to identify potential
climate risks that may impact the project and to
evaluate the related risks based on sensitivity,
exposure and vulnerability analysis. If significant
climate risk is identified, promoters should provide
a climate risk assessment and impact analysis,
including the identification of climate adaptation
measures that will be included in the project cycle.
The complete definition of climate adaption meas-
ures is available in the TEN-E Regulation.
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3.5

PROJECT COSTS

Costs represent an inherent element of a PS-CBA
analysis. According to Annex V (8) of the TEN-E
Regulation, the CBA “shall, at least, take into
account the following costs: capital expenditure,
operational and maintenance expenditure costs, as
well as the costs induced for the related system over
the technical lifecycle of the project as a whole, such
as decommissioning and waste management costs,
including external costs”.

Investment costs are therefore classified?” by:
4 Capital expenditure (CAPEX)

— Initial investment cost, that corresponds
to the cost effectively incurred by the
promoter to build and start operation of the
concerned infrastructure. CAPEX should
consider the costs related to obtaining
permits, feasibility studies, obtaining rights-
of-way, groundwork, preparatory work,
designing, equipment purchase, equipment
installation and decommissioning.

— Costs already incurred at the time of run-
ning the project cost-benefit analysis should
be generally considered in the assessment,
while in case of expansion projects only the
costs related to the expansion should be
taken into account since the costs incurred
before already allowed the project to be
functional.

Picture courtesy of Desfa

4 Operational and maintenance expenditure
(OPEX) corresponds to costs that are incurred
after the commissioning of an asset and which
are not of an investment nature, such as direct
operating and maintenance costs, administra-
tive and general expenditures, etc.

Where a part of the OPEX s calculated by the model,
e.g., energy costs??, it is already included in the
calculated benefits. When calculating the economic
performance indicators, to avoid double-counting
of these costs, the respective part of the OPEX
as submitted directly by the project promoter is
removed from the costs.

All cost data should be considered at constant
(real) prices. As part of the TYNDP 2026, constant
(real) prices shall refer to 2025, the year when the
project data collection took place, as specified
in the Methodology for Cost-Benefit-Analyses,
published in 2025.

Unit investment costs for hydrogen infrastructure
may be used for comparison. ACER is required to
establish such unit investment costs based on
Article 11(9) of the TEN-E Regulation.

27 This classification is in line with the EC Guide to Cost-Benefit Analysis of Investment Projects

28 Example: inthe DHEM, the injection into hydrogen storages is associated with a consumption of energy. For the consumed energy, the actual market
clearing price is assumed in the model. Thereby, these energy costs are already included in the benefit indicators.
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INDICATORS

Economic performance indicators assess project
costs alongside monetised benefits and depend on
parameters such as the assessment period, resid-
ual value, discount rate, and the timing of costs
and benefits. Consistent economic parameters are
required across all PS-CBA assessments.

For TYNDP 2026, ENTSOG uses two indicators:
Economic Net Present Value (ENPV) and Eco-
nomic Benefit-to-Cost Ratio (EBCR). Because
the PS-CBA applies a multi criteria approach and

4 ECONOMIC PERFORMANCE

not all benefits can be monetised, these indicators
reflect only part of the overall cost-benefit balance.

For multi-phase projects, annual benefits and
OPEX are counted from the commissioning of the
first phase. For project groups — regardless of infra-
structure type — economic indicators are calculated
jointly, combining the full costs and total monetised
benefits for the entire group. All details can be found
in the CBA Methodology in Chapter 5.

SENSITIVITY ANALYSIS

Sensitivity analyses assess how changes in indi-
vidual parameters — or sets of linked parameters -
affect PS-CBA results, helping to understand how
the system responds to these variations. All details
can be found in the CBA methodology, Chapter 4.

For TYNDP 2026, sensitivities are performed on:

4 Societal cost of carbon: varies the carbon
cost and re-monetises the GHG emissions indi-
cator (B1), affecting economic indicators. No
new simulations are needed. The Bl indicator is
defined on page 18.

4 Damage cost of non-GHG emissions: varies
between VSL and VOLY approaches, re-monet-
ising indicator (B2) and influencing economic
indicators. No new simulations required.

4 Cost of Disrupted Hydrogen (CODH): varies
assumed CODH values, re-monetising indica-
tor (B5) and potentially affecting economic
indicators. The final values will be assessed in
the stakeholder consultation phase.

4 Project specific data:

— CAPEX/OPEX ranges: uses high/low cost
ranges from promoters; influences only
economic indicators.

— Assessment period (40vs. 25 years): ex-
tends costs and benefits over time; influ-
ences economic indicators.

— Cash flow interpolation beyond modelled
years (2035/2040): either continues the
trend after 2040 or freezes benefits at the
2040 value; affects non-modelled year
benefits and thus economic indicators.

— Projects with Commissioning Year beyond
the analysed target-year 2040: for projects
where the default case results in a value of
zero due to a commissioning year past
2040, we anticipate shifting the commis-
sioning year of the project increment to
2040 in order to demonstrate a flat bene-
fit2® for the second target-year of the
PS-CBA.

Across all cases, sensitivities rely on re-processing
existing results rather than running new simula-
tions.

29 “Flat benefit” refers to a projected benefit profile that does not change over time - i.e., it remains constant across the analysis horizon. By moving the
commercial year to 2040, the model effectively displays a steady, non-increasing and non-decreasing benefit, rather than showing a zero outcome in

earlier years.
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6 ENERGY EFFICIENCY FIRST PRINCIPLE

6.1

In the energy efficiency first principle guidelines
that are annexed to the European Commission
Recommendation (EU) 2021/1749 of 28 Septem-
ber 2021,3% the principle's application in the TYNDP
is detailed as follows:

“The TEN-E [Regulation] includes the EEIst principle
in all the stages of the European ten-Year Network
Development Plans development, more specifically
in the scenario development, infrastructure gaps
identification and projects assessment. [...] The
practical implication of the EEIst principle in the
planning means that the infrastructure development
must include within the decisional process options
to better utilise the existing infrastructure (by oper-
ational mechanisms), implement more energy-
efficient technologies, and make better use of the

market mechanisms such as, but not exclusive to,
demand-side response. [...] When implementing the
EEIst principle, one must strive to reach the balance
between secure and reliable energy supply, quality
of energy supplied and overall associated costs [...]."

Annex 111.2(12) of the TEN-E Regulation thereby
lists four priority solutions for the application of
the energy efficiency first principle that should
be considered instead of the construction of new
supply-side infrastructure, if considered more
cost-efficient from a system-wide perspective:
i) demand-side management; ii) market arrange-
ment solutions; iii) implementation of digital solu-
tions; iv) renovation of buildings. All points can be
found int the CBA methodology, Chapter 6.

CONSIDERATION OF THE ENERGY EFFICIENCY
FIRST PRINCIPLE IN THE NT+ SCENARIO

DEVELOPMENT FOR PS-CBA

In the NT+ scenario, the energy efficiency first
principle was considered in the following ways:

4 Inclusion of options for better utilisation of
existing infrastructure: the existing infra-
structure considered in the scenario topology
is updated for each scenario cycle with
information provided by the infrastructure
operators and/or publicly consulted. This
provides the option to update the underlying
energy infrastructure capacities. The capaci-
ties are the main parameter capturing the pos-
sibility of better utilisation through operational
improvements, including by digital solutions.
Additionally, the consideration of infrastruc-
ture of multiple energy carriers, such as
hydrogen and electricity, allows an optimisa-
tion of the utilisation of the existing infrastruc-
ture's capacities in the model, through flexibility
provisions across energy sectors.

4 Consideration of options to include more
energy-efficient technologies: the NT+ sce-
nario is developed on an NECP-based scenario
storyline. In its development, energy-efficient
technologies are set at ambitious levels,
according to NECPs, EU energy and climate
targets, or infrastructure operator inputs in

combination with stakeholder consultation
feedback. The renovation of buildings is also in-
cluded in the set of assumptions at a highly
ambitious level

4 Inclusion of options to make better use of
the market mechanisms: by considering
perfect competition only limited by infrastruc-
ture constraints between zones being repre-
sented as nodes (e.g., hydrogen zone 1 of a
country, hydrogen zone 2 of a country, or indi-
vidual electricity bidding zones) as well as by
allowing demand side response to act without
infrastructure or market restrictions (e.g., if the
demand side response is located at DSO level)
within an entire zone, the market behaviour is
optimistic regarding the effects of demand side
management. Several demand side responses
are thereby considered like optimised utilisa-
tion of:

— assets coupling the sectors through conver-
sion (i.e., electrolysers and hydrogen-fired
power plants);

— demand shedding (e.g., reduction of indus-
trial demand for a limited time that is trig-
gered by a certain market clearing price).

30 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021H1749
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4 Aiming at balancing security of supply, qual-
ity of energy supplied, and cost-efficiency

— The wider benefits of investments including
energy efficiency measures and infrastruc-
ture developments are addressed from a
system efficiency perspective within the
scenario modelling by:

4

monetising unserved energy demand
(i.e., VoLL and CODH);

including adequacy loops;

penalising energy losses that negatively
contribute to life cycle efficiencies (e.g.,
reflection in marginal costs of fuels,
conversion losses of electrolysers, con-
version losses of power plants, efficien-
cies of energy storages);

penalising emissions (e.g., cross-check-
ing withthe EU’s legal energy and climate
targets and reflection in marginal costs
of fuels).

— Inline with the energy efficiency first princi-
ple, the most energy efficient solution does
not have to prevail but should be considered
within the decision making process and be
preferred if similarly cost-efficient and
beneficial for security of supply.

Picture catirtesy. af S'nam":
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ANNEX I:
LIST OF HYDROGEN PROJECTS
CONFORMING PCI/PMI INFRA LEVEL

LIST OF HYDROGEN PROJECTS INCLUDED IN THE PCI/PMI
HYDROGEN INFRASTRUCTURE LEVEL

Code Project Name Country Promoter Maturity Project Commissioning
Status Year First | Year Last

Nordic-Baltic Hydrogen Corridor -

H2T-N-1239 . Lithuania AB Amber Grid Less-Advanced 2033 2033
LT section
H2T-A-991  AquaDuctus Germany AquaDuctus Pipeline GmbH  Advanced 2030 2040
H2T-F-642  HyPipe Bavaria - The Hydrogen Hub  Germany bayernets GmbH FID 2029 2030
H2T-N-788  H, transmission system in Bulgaria  Bulgaria Bulgartransgaz EAD Less-Advanced 2032 2032
H2T-N-1280 Nordlc-.B altic Hydrogen Corridor - Latvia Conexus Baltic Grid, JSC Less-Advanced 2033 2033
LV section
2 mosaHYc (Mosel Saar Hydrogen Creos Deutschland
AR Conversion) — Germany ERinElL Wasserstoff GmbH i A A0
H2T-N-1294 HYALink Luxemburg Cro0s Luxembourg Less-Advanced 2032 2035
Hydrogen S.A.
H2T-N-706  Komnina-Florovouni H, Pipeline Greece DESFAS.A. Less-Advanced 2035 2036
HeT-N-970 mternal hydrogen infrastructurein o o0 pegpagp Less-Advanced 2032 2040
Greece towards the Bulgarian border
HoTN-1192 Nordic-Baltic Hydrogen Comidor = . paringas Less-Advanced 2033 2033
EE section
H2S-A-508  H, storage North-1 Spain Enagas Infraestructuras de 4 21 ceq 2009 2034
Hidrégeno
H2T-A-1149  Spanish Hydrogen Backbone 2030  Spain E?jia;e:‘;raem“"t“ras % Advanced 2029 2032
H2S-A-1152 H, storage North-2 Spain Enagas Infraestructuras e 4 -ncoq 2031 2040
Hidrégeno
H2T-N-1324 H,Med-CelZa (Enagés) Spain Enagas Infraestructurasde | oo advanced 2032 2032
Hidrégeno
Enagas Infraestructuras de
H2T-N-1151 H,Med-BarMar Spain Hidrégeno/Terega/Natran/  Less-Advanced 2032 2032
Open Grid Europe
. DK Hydrogen Pipeline, )
H2T-A-1236 West DK Hydrogen System Denmark Energinet Advanced 2029 2035
H2S-N-1238 DK Hydrogen Storage Denmark Energinet Less-Advanced 2033 2033
A EnergyStock B.V, an affiliate
H2S-A-1279 Hystock Opslag H, Netherlands of NV Nederlandse Gasunie Advanced 2030 2033
H2T-N-835  SK-HU H, corridor Slovakia eustream, a.s. Less-Advanced 2032 2032
H2T-N-1264 Slovak Hydrogen Backbone Slovakia eustream,a.s. Less-Advanced 2032 2032
Hos-A-749  CHC Hydrogen Storage Germany  EWE GASSPEICHER Advanced 2029 2029
Expansion Huntorf
H2S-A-761  CHC Hydrogen Storage Jemgum Germany EWE GASSPEICHER Advanced 2029 2032
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Code Project Name Promoter Maturity Project Commissioning
Status Year First | Year Last

H2S-N-574  EWE Hydrogen Storage Ruedersdorf =~ Germany EWE GASSPEICHER Less-Advanced 2032 2032
H2T-A-1206 HU/SK hydrogen corridor Hungary FGSZ Ltd. Advanced 2032 2032
H2T-N-1286 Alpine H, Corridor Switzerland ~ Fluxswiss sagl Less-Advanced 2035 2045
Belgian Hydrogen Backbone -
H2T-F-725  Interconnection BE-NL (Zandvliet & Belgium Fluxys Hydrogen NV/SA FID 2030 2032
Zelzate)
™ Belgian Hydrogen Backbone - .
H2T-A-708 Interconnection BE-DE Belgium Fluxys Hydrogen NV/SA Advanced 2029 2029
™ Belgian Hydrogen Backbone - .
H2T-A-1399 Feoitr At (T T e Belgium Fluxys Hydrogen NV/SA Advanced 2029 2033
AL Belgian Hydrogen Backbone - ) i
H2T-N-709 Interconnection BE-UK Belgium Fluxys Hydrogen NV/SA Less-Advanced 2035 2045
™~ Belgian Hydrogen Backbone - ) i
H2T-N-710 Interconnection BEFR (Blaregnles) Belgium Fluxys Hydrogen NV/SA Less-Advanced 2034 2034
™~ Belgian Hydrogen Backbone - ) i
H2T-N-711 Interconnection BE-FR (Alveringem) Belgium Fluxys Hydrogen NV/SA Less-Advanced 2034 2034
Belgian Hydrogen Backbone -
H2T-N-726  Interconnection BE-NL Belgium Fluxys Hydrogen NV/SA Less-Advanced 2034 2034
(Gravenvoeren)
™~ Belgian Hydrogen Backbone - . i
H2T-N-1372 Interconnection BE-LUX Belgium Fluxys Hydrogen NV/SA Less-Advanced 2035 2035
H2TN-1373 Delgian Hydrogen Backbone - Belgum  FluxysHydrogenNV/SA  Less-Advanced 2035 2035
Zeebrugge import
HoLN-g2o  Dunkerque New Molecules France Fluxys NV/SA Less-Advanced 2035 2035
development
HoLN-1325 Zeebrugge New Molecules Belgium  Fluxys NV/SA lessAdvanced 2035 2035
development
H2L-N-664  Antwerp NH, Import Terminal Belgium Fluxys NV/SAand Advario  Less-Advanced 2032 2032
. Fluxys TENP GmbH and
H2T-N-740  Alpine HyWay Germany Open GridEurope GmbH Less-Advanced 2035 2045
H2T-A-757  H, Backbone WAG + Penta West Austria gﬁquﬁONNECT AUSTRIA Advanced 2031 2031
. Flow — Making GASCADE Gastransport
H2T-A-796 Hydirose e n(ESat) Germany GmbH Advanced 2026 2037
H2T-N-1315 H, interconnection DE-PL Germany gﬁf_lADE Gastransport | oo Advanced 2034 2034
- Nordic Hydrogen Route - ; )
H2T-A-1136 Bothnian Bay=Fl section Finland Gasgrid vetyverkot Oy Advanced 2029 2029
H2T-N-443 Nordlc:BaItlc Hydrogen Corridor - Finland Gasgrid vetyverkot Oy Less-Advanced 2032 2033
Fl section
. Gasgrid vetyverkot Oy,
H2T-N-1355 Tgﬁga'_t'; s:_a H‘:'mge" Collector  nd  Copenhagen Energylslands  Less-Advanced 2032 2032
(ERCIES ection ApS, GASCADE Gastransport
Gasgrid vetyverkot Oy,
~ The Baltic Sea Hydrogen Collector ) Nordion Energi H2, i
H2T-N-1389 (BHC) - Section B Finland Copenhagen Energy lslands Less-Advanced 2034 2034

ApS

H2T-F-1000  Hyperlink Germany ?;Sn‘;rr‘)'sr?g‘;t;fizrgmbl_l FID 2029 2033

Danish—-German Hydrogen Network; Gasunie Deutschland

German Part — HyPerLink Phase Il Germany Advanced 2029 2035

H2T-A-1001 Transport Services GmbH
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Code Project Name Promoter Maturity
Status

H2T-A-933

H2S-N-671

H2T-N-779

H2T-N-1144

H2S-N-565
H2T-F-1366

H2T-A-1365

H2T-A-693

H2T-A-694

H2T-N-1137

H2T-N-573

H2T-N-572

H2T-F-899

H2T-A-969

H2T-N-569

H2T-N-667
H2T-N-909
H2T-N-1035
H2T-N-1187

H2T-N-1017

H2L-N-932

H2T-N-1251
H2T-A-1034

H2T-A-926

H2T-A-1171

H2S-N-861

H2T-N-1310

H2T-F-1038

H2T-A-738

Hyperlink 4

Gasunie SpHyGER Etzel (GSE)

Pomeranian Green Hydrogen Cluster

Nordic-Baltic Hydrogen Corridor -
PL section

GeoH2
Dutch Hydrogen Network - DRC

Dutch Hydrogen Network -
North West

Dutch Hydrogen Network -
North East

Dutch Hydrogen Network-
South West

Central European Hydrogen Corridor
(UKR part)

UK-BE H, Interconnector

PU East to H, Interconnector
mosaHYc - Mosel Saar Hydrogen
Conversion

RHYN

HY-FEN - H, Corridor Spain -
France - Germany connection

MidHY
Connexion HY-FEN-GeoH2
Franco-Belgian H, corridor

HYALink (FR)

H2Poseidon Pipeline

lonian Energy Terminal

Czech H, Backbone North
Czech H, Backbone West

Baltic Sea Hydrogen Collector -
Offshore Pipeline [BHC] - Sweden

Nordic Hydrogen Route — Bothnian
Bay (SE)

NWKG H, Storage

Nordic-Baltic Hydrogen Corridor -
DE section

H,ercules Network West

Delta Rhine Corridor H, Germany
North

Germany

Germany
Poland
Poland

France

Netherlands

Netherlands

Netherlands

Netherlands

Ukraine

Belgium

United
Kingdom

France
France
France

France
France
France

France

Greece

Greece

Czechia

Czechia

Sweden

Sweden

Germany

Germany
Germany

Germany
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Gasunie Deutschland
Transport Services GmbH

Gasunie Energy Solutions 1
GmbH

GAZ-SYSTEM S.A.
GAZ-SYSTEM S.A.

Géométhane

Hynetwork Services B.V.

Hynetwork Services B.V.

Hynetwork services B.V.

Hynetwork services B.V.

LLC Gas TSO of Ukraine

National Gas & Fluxys NV/
SA

National Gas Transmission

NaTran
NaTran
NaTran

NaTran
NaTran
NaTran
NaTran

Natural Gas Submarine
Interconnector Greece-Italy
Poseidon S.A

Natural Gas Submarine
Interconnector Greece-Italy
Poseidon S.A.

NET4GAS, s.r.0.
NET4GAS,s.r.0.

Nordion Energi H2 AB

Nordion Energi H2 AB

Nord-West
Kavernengesellschaft mbH

ONTRAS Gastransport
GmbH

Open Grid Europe GmbH

Open Grid Europe GmbH

Advanced

Less-Advanced

Less-Advanced

Less-Advanced

Less-Advanced

FID

Advanced

Advanced

Advanced

Less-Advanced

Less-Advanced

Less-Advanced

FID

Advanced

Less-Advanced

Less-Advanced
Less-Advanced
Less-Advanced

Less-Advanced

Less-Advanced

Less-Advanced

Less-Advanced

Advanced

Advanced

Advanced

Less-Advanced

Less-Advanced

FID

Advanced

Year First

2029

2032

2034

2033

2032
2028

2030

2026

2030

2032

2035

2035

2029

2030

2032

2032
2032
2034
2032

2034

2034

2032
2030

2029

2030

2029

2033

2028

2030

Project Commissioning
Year Last

2032

2032

2034

2033

2032
2039

2042

2037

2032

2032

2045

2045

2029

2033

2032

2032
2032
2035
2034

2036

2034

2032
2030

2029

2030

2036

2033

2028

2030



Code Project Name Country Promoter Maturity Project Commissioning
Status Year First | Year Last

H2T-A-1037 H,ercules Network North Germany Open Grid Europe GmbH Advanced 2027 2036
H2T-A-1075 H,ercules Network North-West Germany Open Grid Europe GmbH Advanced 2031 2031
N | Open Grid Europe GmbH; i
H2T-N-1052 H,ercules Network South-West Germany NaTran Deutschland GmbH Less-Advanced 2032 2032
VL N Open Grid Europe GmbH; i
H2T-N-1055 H,ercules Network South-East Germany NaTran Deutschland GmbH Less-Advanced 2032 2032
H2T-N-978  Portuguese Hydrogen Backbone Portugal REN - Gasodutos, S.A. Less-Advanced 2032 2032
H2T-N-1156 H,Med/CelZa Portugal REN - Gasodutos, S.A. Less-Advanced 2032 2032
H2S-A-767 RWE Hz_ Storage Gronau-Epe - Germany RWE Gas Storage West Advanced 2030 2030
expansion GmbH
H2S-A-1287 RWE H, St?rage Gronau-Epe - e RWE Gas Storage West Advanced 2030 2030
2" expansion GmbH
H2T-A-735  North Africa Hydrogen Corridor Tunisia Sea Corridor S.r.l. Advanced 2031 2034
Italian H, Backbone
H2T-N-1023 (Poggio Renatico  P. Gries) [taly Snam Rete Gas S.p.A Less-Advanced 2034 2034
H2T-A-1205 Italian H, Backbone Italy Snam Rete Gas S.p.A. Advanced 2031 2034
T (LRI SETEIDEE 2 el e e STOGIT Advanced 2031 2033
Hydrogen Storage
H2S-N-907  SaltHy Harsefeld Il Germany étrﬁm gy Deutschiand Less-Advanced 2034 2034
H2S-N-934  SaltHy Harsefeld Germany gtrg[)el_rl] 7 DS T Less-Advanced 2033 2033
H2S-N-1321 Extension AURA (HyPSTER_3) France Storengy France Less-Advanced 2033 2033
HoTaoge  HeReadiness of the TAG pipeline oo 1aq gmbH Advanced 2029 2031
system
H2T-N-444  HySoW Atlantic to Mediterranean France Teréga Less-Advanced 2032 2034
H2S-N-1352 HySoW storage France Teréga Less-Advanced 2032 2034
H2T-A-1096 RHYn Interco Germany terranets bw GmbH Advanced 2030 2035
H2T-A-906  Vlieghuis - Ochtrup Germany Thyssengas GmbH Advanced 2026 2029
H2S-N-1244 UST Hydrogen Storage Krummhdrn  Germany (L;Jrr]r:pbilr Energy Storage Less-Advanced 2039 2039
H2S-N-1295 UST Hydrogen Storage Epe Germany gﬂlﬁfj SEESBEES Less-Advanced 2039 2039
Green Wilhelmshaven H, Terminal
H2L-N-968 incl. operational Storage and Germany Uniper Hydrogen GmbH Less-Advanced 2033 2033
Cracker
n H,/NH, import terminal Antwerp - ) Vopak Energy Park Antwerp
H2L-A-822 e o [ ey Belgium NV Advanced 2029 2029
H2L-A-1127 Amplifhy Rotterdam Netherlands ' Terminal Support Advanced 2029 2033
Services (“VTTI")
H2L:N-1100  Amplifhy Antwerp Belgium 1T 1erMInalSUpOMt oo advanced 2020 2033

Services (“VTTI")
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ANNEX lI: GHG EMISSIONS FACTORS

GHG EMISSIONS FACTORS OF POWER PLANTS

The proposed GHG emissions factors consider di- These emissions factors account for unoxidised
rect GHG emissions (CO,, N,O, and CH,) from the carbon by consideration of default factors of:
fuels' stationary combustion. solid=0.98, liquid = 0.99, and gas = 0.995 (Source:

IPCC, 200631).

NCV terms
Nuclear - 30%-35% 33% 0.00 0.00 0.00
Hard coal old 1 30%-37% 35% 95.03 0.32 0.96
Hard coal old 2 38%-43% 40 % 95.03 0.32 0.84
Hard coal new 44%-46 % 46 % 95.03 0.32 0.73
Hard coal cCs 30%-40% 38% 9.50 0.03 0.09
Lignite old1 30%-37% 35% 101.43 0.34 102
Lignite old 2 38%-43% 40% 101.43 0.34 0.89
Lignite new 44%-46 % 46 % 101.43 0.34 0.78
Lignite ccs 30%-40% 38% 10.14 0.03 0.09
Natural Gas ~ Sp1'7°"o" 25 %-38% 36 % 56.16 0.18 0.56
Natural Gas g‘l’d”‘ée”tiona' 39%-42% 41% 56.16 0.18 0.49
NaturalGas  CCGTold 1 33%-44% 40% 56.16 0.18 0.50
Natural Gas  CCGTold2 45%-52% 48% 56.16 0.18 0.42
Natural Gas CCGT present 1 53 %-60 % 56 % 56.16 0.18 0.36
Natural Gas CCGT present 2 53 %-60 % 58 % 56.16 0.18 0.35
NaturalGas  CCGTnew 53 %-60 % 60 % 56.16 0.18 0.34
Natural Gas CCGT CCS 43%-52% 51 % 5.62 0.02 0.04
NaturalGas  OCGTold 35%-38% 35% 56.16 0.18 0.57
NaturalGas  OCGTnew 39%-44% 42% 56.16 0.18 0.48
Light oil - 329%-38% 35% 7434 0.25 0.76
Heavy oil old 1 25%-37 % 35% 7434 0.25 0.76
Heavy oil old 2 38%-43% 40% 7434 0.25 0.66
Oil shale old 28 %-33% 29% 101.43 0.34 123
Oil shale new 349%-39% 39% 101.43 0.34 0.92

31 Source: IPCC Report, 2006: https://www.ipcc-nggip.iges.or.jp/public/2006gl/vol2.html
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GHG EMISSIONS FACTORS OF FUELS AS CONSIDERED
FOR HYDROGEN SUPPLY

The proposed GHG emissions factors for hydrogen production and imports are based on the TYNDP 2026
draft Scenario Methodology Report which is mainly derived from a JRC report32:

CO,, EF CO,, EF
(t/net MWh) (t/gross MWh)

National production in the following
countries: Belgium, France, Italy, Lithuania, 0.0262 0.022
The Netherlands, Germany and UK.

Hydrogen produced from
natural gas with CCS

Imports from North Africa, Ukraine and liquid

Renewable hydrogen imports imports.

ASSUMED GHG EMISSIONS FACTORS OF ENERGY
CURTAILMENT

Type CO,, EF CO,,, EF
i (t/net TJ) (t/net MWh)

EF is based on Coal (as replacement) for the 71218 0.2564

Curtailed hydrogen demand hard-to-abate sectors

Curtailed electricity demand Proposed EF for consultation 56.16 0.2022

32 Source : https://op.europa.eu/en/publication-detail/-/publication/278ae66b-809b-11e7-b5¢6-01aa75ed71al

Picture courtesy of GNI
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ANNEX IlI:
NON-GHG EMISSIONS FACTORS

NON-GHG EMISSIONS FACTORS OF POWER PLANTS
(SOURCE: ENTSO-E®)

NO, NH,3 SO, PM2.5 and PM10 NMVOC
Type EF EF EF smaller EF EF EF
(kg/gross GJ) | (kg/grossGJ) | (kg/grossGJ) | (kg/grossGJ) | (kg/grossGJ) | (kg/grossGJ)

Hard coal old1 0.068 0.0016 0.067 0.0024 0.005 0.0007
Hard coal old2 0.068 0.0016 0.067 0.0024 0.005 0.0007
Hard coal new 0.068 0.0016 0.067 0.0024 0.005 0.0007
Hard coal CCS 0.068 0.0016 0.067 0.0024 0.005 0.0007
Lignite old1 0.080 0.0009 0.152 0.0040 0.005 0.0009
Lignite old 2 0.080 0.0009 0.152 0.0040 0.005 0.0009
Lignite new 0.080 0.0009 0.152 0.0040 0.005 0.0009
Lignite CCS 0.080 0.0009 0.152 0.0040 0.005 0.0009
Gas Conventional old 1 0.017 0.0054 0.001 0.0001 0.000 0.0019
Gas Conventional old 2 0.017 0.0054 0.001 0.0001 0.000 0.0019
Gas CCGTold 1 0.017 0.0054 0.001 0.0001 0.000 0.0019
Gas CCGTold 2 0.017 0.0054 0.001 0.0001 0.000 0.0019
Gas CCGT present 1 0.017 0.0054 0.001 0.0001 0.000 0.0019
Gas CCGT present 2 0.017 0.0054 0.001 0.0001 0.000 0.0019
Gas CCGT new 0.017 0.0054 0.001 0.0001 0.000 0.0019
Gas CCGT CCS 0.017 0.0054 0.001 0.0001 0.000 0.0019
Gas OCGTold 0.017 0.0054 0.001 0.0001 0.000 0.0019
Gas OCGT new 0.017 0.0054 0.001 0.0001 0.000 0.0019
Light oil - 0.226 0.0000 0.150 0.0058 0.008 0.0022
Heavy oil old1 0.226 0.0000 0.150 0.0058 0.008 0.0022
Heavy oil old 2 0.226 0.0000 0.150 0.0058 0.008 0.0022
Oil shale old 0.228 0.0000 0.152 0.0059 0.008 0.0022
Oil shale new 0.228 0.0000 0.152 0.0059 0.008 0.0022
Other non-RES - 0.049 0.0114 0.036 0.0030 0.003 0.0037
Lignite biofuel - 0.080 0.0009 0.152 0.0040 0.005 0.0009
Hard Coal biofuel - 0.068 0.0016 0.067 0.0024 0.005 0.0007
Gas biofuel - 0.018 0.0057 0.001 0.0002 0.000 0.0020
Light oil biofuel - 0.226 0.0000 0.150 0.0058 0.008 0.0022
Heavy oil biofuel - 0.226 0.0000 0.150 0.0058 0.008 0.0022
Oil shale biofuel - 0.226 0.0000 0.150 0.0058 0.008 0.0022

33 Implementation Guidelines for TYNDP 2024 based on 4" ENTSOE Guideline for Cost-Benefit Analysis of grid development projects
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NON-GHG EMISSIONS FACTORS OF HYDROGEN
PRODUCTION (SOURCE: E4TECH?**)

[ [0)4 S0, PM2.5 and PM10 NMVOC

EF EF smaller EF EF EF
(kg/gross GJ) (kg/gross GJ) (kg/gross GJ) (kg/gross GJ) (kg/gross GJ)

Hydrogen produced

fromnaturalgas ool 0 0.1219 0.0001 - 0.0134 0.0155
with CCS

Salkuyehetal, 2017 0.0832 0.0001 . 0.0113 0.0113
Hydrogen produced
from natural gas Sunetal., 201936 0.0063 0.0001 0.0020 0.0021 0.0017
without CCS

Nnabuife etal. 0.0118 0.0007 0.0031 0.0038 0.0000

202337

NON-GHG EMISSIONS FACTORS OF CURTAILED ENERGY

PM2.5 and

Type smaller EF
(kg/gross GJ) | (kg/gross GJ) | (kg/gross GJ) | (kg/gross GJ) | (kg/gross GJ) | (kg/gross GJ)

0.068 0.0016 0.067 0.0024 0.005 0.0007

Proposed values

Hydrogen for consultation
0.017 0.0054 0.001 0.0001 0.000 0.0019
Electricity | roposed value 0.017 0.0054 0.001 0.0001 0.000 0.0019

for consultation

34 Source: https://assets.publishing.service.gov.uk/media/5cc6f1e640f0b676825093fb/H2_Emission_Potential_Report_BEIS_E4tech.pdf

35 Yaser Khojasteh Salkuyeh, Bradley A. Saville, Heather L. MacLean, Techno-economic analysis and life cycle assessment of hydrogen production from natural
gas using current and emerging technologies, International Journal of Hydrogen Energy Volume 42, Issue 30,2017, Pages 18894-18909,
ISSN 0360-3199

36 Criteria Air Pollutants and Greenhouse Gas Emissions from Hydrogen Production in U.S. Steam Methane Reforming Facilities, Pingping Sun, Ben Young,
Amgad Elgowainy, Zifeng Lu, Michael Wang, Ben Morelli, and Troy Hawkins, Environmental Science & Technology 2019 53 (12), 7103-7113,
DOI: 10.1021/acs.est.8b06197

37 Nnabuife, S.G.; Darko, C.K.; Obiako, P.C.; Kuang, B.; Sun, X.; Jenkins, K. A Comparative Analysis of Different Hydrogen Production Methods and Their
Environmental Impact. Clean Technol. 2023, 5, 1344-1380. https://doi.org/10.3390/cleantechnol5040067
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ANNEX IV:
ADDITIONAL INFORMATION ON
MARKET ASSUMPTIONS

MONTHLY MAXIMUM DAILY AVERAGE WHOLESALE
ELECTRICITY PRICES (EU-27 COUNTRIES AND NORTH
MACEDONIA)

Month Maximum daily average price per month (unit: €/MWhe)

January 300.33 265.15 888.09 264.76
February 285.9 213.63 156.29 266.2
March 583.15 218.57 140.99 305.38
April 548.31 171.18 128.75 189.13
May 270.58 146.81 158.54 177.96
June 392.71 176.67 280.18 136.04
July 593.22 146 267.64 167.22
August 823.29 243.94 215.07 219.76
September 656.61 191.2 247.41 148.27
October 380.54 177.56 242.17 291.86
November 397.43 286.54 355.37 275.76
December 467.7 176.71 395.67 202.95

Additional Information on market assumptions for hydrogen demand regarding countries with two zones38.

38 The numbers displayed in this overview are based on ENTSOG modelling results for the TYNDP 2026.
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2030

NATIVE DEMAND

Demand DEh2 H, Zone 2
Demand LTh2 H, Zone 2
Demand DEh2Z1 H, Zone 1
Demand LTh2Z1 H, Zone 1
Demand PTh2Z1 H, Zone 1

DEMAND WITH H, CCGT

2035 186,848.9
2035 0.0

2035 17,101.6
2035 7,391.4
2035 2,496.6

DEh2 H, Demand Hub
LTh2 H, Demand Hub
DEh2Z71 H, demand Hub Z1
LTh2z71 H, demand Hub 71
PTh2Z1 H, demand Hub Z1
2040

NATIVE DEMAND

2035 208,801.3
2035 0.0

2035 17,101.6
2035 73914
2035 2,496.6

Demand DEh2 H, Zone 2
Demand LTh2 H, Zone 2
Demand DEh2Z1 H,Zone 1
Demand LTh2Z1 H, Zone 1

DEMAND WITH H, CCGT

2040 291,746.9
2040 9,464.3
2040 12,304.3
2040 6,704.3

Country Zone Category Demand (GWh)

DEh2 H, Demand Hub
LTh2 H, Demand Hub
DEh2Z1 H, demand Hub Z1
LTh271 H, demand Hub Z1

2040 351,584.0
2040 9,464.3
2040 12,304.4
2040 6,704.3
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ANNEXYV: FACTORS

ASSUMED GCV/NCV RATIO PER FUEL TYPE

Hydrogen 1.176
Natural gas 1.108
Coal 1.053
Light oil 1.064

Energy quantities for hydrogen are reported on an
NCV basis. NCV values are assumed at reference
temperatures of 25°C/0°C.

ure courtesy of Nowega
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LIST OF ABBREVIATIONS

ACER
ATR
Bl

B2
B3.1
B3.2
B4

B5
CAPEX
CBA
CCs
CMIP6
CMR5
CO,
CO,-eq
CODG
CODH
DC
DGM
DHEM
DRES
DSR
DSO
EBCR
EC
ECE3
EE1st
EEA
EEA27
EHB
EIB
ETS
ENPV
ENTSO-E
ENTSOG
ENTSOs
EU
FEED
FID
GCV
GHG
GJ
GWh
GWhH,
HCR

European Union Agency for the Cooperation of Energy Regulations

Autothermal Reforming

GHG Emissions Variation Indicator

Non-GHG Emissions Variation Indicator

Integration of Renewable Electricity Generation Indicator
Integration of Renewable and Low Carbon Hydrogen Indicator
Increase of Market Rents Indicator

Reduction in Exposure to Curtailed Hydrogen Demand Indicator
Capital Expenditure

Cost-Benefit Analysis

Carbon Capture and Storage

Coupled Model Intercomparison Project Phase 6
CMCC-CM2-SR5, one of the PECD Climate Model
Carbon Dioxide

CO, equivalent

Cost of Disrupted Natural Gas

Cost of Disrupted Hydrogen

Demand Curtailment

Dual Gas Model, also Dual Hydrogen/Natural Gas Model
Dual Hydrogen/Electricity Model

Dedicated Renewable Energy Sources

Demand Side Response

Distribution System Operator

Economic Benefit-to-Cost Ratio

European Commission

EC-Earth3, one of the PECD Climate Model

Energy Efficiency First

European Environmental Agency

European Economic Area

European Hydrogen Bank

European Investment Bank

Emission Trading Scheme

Economic Net Present Value

European Network of Transmission System Operators for Electricity

European Network of Transmission System Operators for Gas
ENTSO-E and ENTSOG

European Union

Front-End Engineering Design

Final Investment Decision

Gross Calorific Value, also Higher Heating Value
Greenhouse Gas

Gigajoule

Gigawatt Hour

Gigawatt Hour in terms of thermal energy of hydrogen
Hydrogen Curtailment Rate
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HDC
IGI
IPCC
LOR
LTC
MCA
MEHR
MWh
MWhH,
NCV
NECP
NH;
Non-GHG
NOx
NMVOC
NT+
OPEX
PCA
PCI
PECD
PINT
PLEXOS®
PM 10
PM 2.5
PMI
PS-CBA
P2G

PV

RES
SMR
SO,
SRES
SSP

t
TEN-E Regulation
TOOT
TSO
TYNDP
VoLL
VOLY
VO&M
VSL
WTP

y
YOLL

Hydrogen Demand Curtailment

Infrastructure Gaps Identification

Intergovernmental Panel on Climate Change
Lesser-of-Rule

Long-Term Contract

Multi-Criteria Analysis

MPI-ESM1-2-HR, one of the PECD Climate Model
Megawatt Hour

Megawatt Hour in terms of thermal energy of hydrogen
Net Calorific Value, also Lower Heating Value
National Energy and Climate Plan

Ammonia

Non-Greenhouse Gas

Nitrogen Oxide

Non-Methane Volatile Organic Compounds

National Trends+ Scenario

Operational Expenditure

Principal Component Analysis

Project of Common Interest

Pan-European Climate Database

Put One InataTime

PLEXOS® Energy Modeling Software

Particulate Matter with a Diameter of 10 Micrometers or less
Particulate Matter with a Diameter of 2.5 Micrometers or less
Project of Mutual Interest

Project-Specific Cost-Benefit Analysis, also Project Assessment
Power-To-Gas

Photovoltaic

Renewable Energy Sources

Steam Methane Reformer(s)

Sulphur Dioxides

Shared Renewable Energy Sources

Shared Socioeconomic Pathway (a climate pathway)
Ton

Regulation (EU) 2022/869

Take Out One ata Time

Transmission System Operator

Union-wide Ten-Year Network Development Plan
Value of Lost Load of Electricity

Value of a Life Year

Variable Operations and Maintenance Cost

Value of Statistical Life

Willingness To Pay

Year

Years of Life Lost
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COUNTRY CODES (ISO)

AL Albania LU Luxembourg
AT Austria LV Latvia

AZ Azerbaijan LY Libya

BA Bosnia and Herzegovina MA Morocco

BE Belgium MD Moldova

BG Bulgaria ME Montenegro
BY Belarus MK North Macedonia
CH Switzerland MT Malta

CcYy Cyprus NL Netherlands
Cz Czech Republic NO Norway

DE Germany PL Poland

DK Denmark PT Portugal

Dz Algeria RO Romania

EE Estonia RS Serbia

ES Spain RU Russia

Fi Finland SE Sweden

FR France SI Slovenia

GR Greece SK Slovakia

HR Croatia ™ Turkmenistan
HU Hungary TN Tunisia

IE Ireland TR Turkiye

IT Italy UA Ukraine

LT Lithuania UK United Kingdom
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LEGAL DISCLAIMER

The TYNDP was prepared by ENTSOG on the basis
of information collected and compiled by ENTSOG
from its members and from stakeholders, and on
the basis of the methodology developed with the
support of the stakeholders via public consultation.
The TYNDP contains ENTSOG own assumptions
and analysis based upon this information.

All content is provided “as is” without any war-
ranty of any kind as to the completeness, accu-
racy, fitness for any particular purpose or any use
of results based on this information and ENTSOG
hereby expressly disclaims all warranties and
representations, whether express or implied,
including without limitation, warranties or
representations of merchantability or fitness for
a particular purpose. In particular, the capac-
ity figures of the projects included in TYNDP are
based on preliminary assumptions and cannot in
any way be interpreted as recognition, by the TSOs
concerned, of capacity availability.

Publisher ENTSOG AISBL
Avenue de Cortenbergh 100
1000 Brussels, Belgium
Co-Authors

ENTSOG is not liable for any consequence resulting
from the reliance and/or the use of any information
hereby provided, including, but not limited to, the
data related to the monetisation of infrastructure
impact.

The reader in its capacity as professional individual
or entity shall be responsible for seeking to verify
the accurate and relevant information needed
for its own assessment and decision and shall be
responsible for use of the document or any part
of it for any purpose other than that for which it is
intended.

In particular, the information hereby provided with
specific reference to the Projects of Common
Interest ("PCls") and Projects of Mutual Interest
("PMIs™) is not intended to evaluate individual
impact of the PCls and PMIs and PCI candidates
and PMI candidates. For the relevant assessments
in terms of value of each PCl and PMI the readers
should refer to the information channels or qualified
sources provided by law.

Aisling Wall, Arnaud Weissrock, Arturo de Onis Romero-Requejo,

Axelle De Cadier De Veauce, Dante Powell, Diana Fathelbajanova, Hugo Calisto,
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