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Huisregels
•

•

•

• SHIPNL: Sustainable Hydrogen Import Program 
Netherlands | Nationaal Waterstof Programma

•

•



Meerjarig kennisprogramma met 5 lijnen
• In deze sessie:

 Inzicht in importketens
productie-conversie-
transport-opslag-
reconversie-gebruik

 Vraagontwikkeling, 
scenario’s

 Infrastructuur & 
systeemintegratie: 
corridors, benutten 
bestaande infra.

 Technology 
assessments, R&D

Technisch
economisch

 Impact van ’Fit for 55’, 
REDII, Delegated acts,  
ETS/CBAM, etc.

 Impact van certificering
en CO2 allocatie: 
emissiefactoren, LCA 
ketenanalyse, etc.

 Financiering en
stimulering (EU & NL): 
IPCEI, PCI, TEN-E, JTF, 
EIB, Horizon Europe, 
MOOI, DEI, MIEK, 
SDE++, etc

Beleid

 Marktmodellen: 
bilaterale contracten, 
vrije handel, 
waterstofbeurs

 Internationale
handelsstromen: 
verwachte vraag- en
aanbodvolumes en
transportstromen

 Importtarieven, trade 
agreements en
handelsbeperkingen, 
WTO, etc.

Markt

 Samenwerking met 
omringende EU/niet-EU 
importlanden om 
corridors te 
ontwikkelen

 Concurrentie met 
omringende EU/niet-EU 
importlanden

 Geopolitieke aspecten: 
strategische voorraden, 
afhankelijkheid, 
politieke stabiliteit van 
exportlanden

Internationaal

 Ruimtegebruik van 
ketenelementen

 Veiligheid: 
brandbaarheid, 
zorgwekkende stoffen, 
risicocontouren, etc

 Milieu: stikstof, lekkage

 Maatschappelijke 
acceptatie

 MVO / samenhang met 
SDG’s in exportlanden 

Omgeving1 2 3 4 5



Actualiteiten | tour de table



•

•

Reflectie World 
Hydrogen Summit 2024



Terugblik
World Hydrogen 
Summit & Exhibition
2024
SHIP 22-05-2024
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Doelen tijdens de WHS

28-5-2024
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De dialoog tussen 
exporterende en 
importerende landen 
versterken

De ontwikkeling van 
corridors bevorderen

Aandacht vragen voor 
vraag creatie en het 
gebrek aan FID's

Certificering bevorderen
Infrastructuurontwikkeling 
in exporterende landen te 
bevorderen

Buitenlandse investeringen 
aantrekken om de 
waterstofketen te 
ontwikkelen



28-5-2024
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Beleidsprioriteiten
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Tijdige ontwikkeling 
van de regionale 

infrastructuur
+

Gecoördineerde
regionale 

importstrategie

Een transparante en 
eerlijke internationale 

waterstofhandel 
+

Nederland als 
belangrijke hub in 
Noordwest Europa 

positioneren

Actieve diplomatie 
gericht op 

leveringszekerheid
waterstofvolumes

+
Diversificatie van 
leveranciers en 

dragers

Intra-EU Samenwerking Multilaterale Samenwerking Partnerschappen met non-
EU Landen



NL-NOR-DE SESSIE –PIJPLEIDING CORRIDOR MOU BRANCHEORGANISATIES BE-DE-NL

1. Versterking van Intra-EU samenwerking
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• Publiek-privaat dialoog tussen 
exporterende en importerende landen 
bevorderd via 2e IHTF Ministeriele-CEO 
rondetafel

• Corridor studie gepresenteerd

• 4 belangrijke voorwaarden geïdentificeerd: 
1. Behoefte aan lange-termijn zekerheid 

aan de vraag kant
2. Dringend behoefte aan de vaststelling 

en interoperabiliteit van normen en 
certificatieschema's voor effectieve 
handel

3. Capaciteitsopbouw en kennisdeling 
nodig

4. Ontsluiting van financiering, vooral in 
ontwikkelingslanden

2. Multilaterale samenwerking



TRANSATLANTISCHE SESSIE
MET VK-CAN-VS-NL-DEACTIEPLAN NL-MAR 2024-2025

3. Strategische partnerschappen met landen buiten 
Europa versterken
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MOU NLHYDROGEN EN H2CHILE

PRESENTATIE CERTIFICERING
STUDIE MET UY&CL KENNISDEELSESSIES MET O.A. EGYPTE, JAPAN, EN BEZOEK AAN BEURS



Supplier-offtaker
matchmaking event
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Derde editie van supplier-offtaker matchmaking

- 22 suppliers & 19 offtakers (incl. terminals)
- >10 suppliers op wachtlijst

Suppliers:
• Uit: VS, Canada, Spanje, Duitsland, Saoedi-

Arabië, Oman, India, Brazilië, Australië, Namibië, 
Portugal en ook Nederland

• Ammoniak dominant, methanol en gasvormig 
waterstof ook. LOHC, LH2 en SAF minder

• Verwachte volumes verspreid van tien tot enkele 
honderden ktpa H2

• 2027-2028 meeste COD

Offtakers:
• Beperkte deelname eindgebruikers
• 2027-2029 verwachte start import
• Verspreid van 5 tot 200 ktpa H2



Dank!
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How green is your imported 
hydrogen?



How green 
is your imported

hydrogen?



Introduction: your hosts of today
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Introduction:
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7719 8827



Agenda



Agenda

15.40 – 16.00 

16.00 – 16.20 

16.20 – 16.35 

16.35 – 17.00 



Introducing the focus of todays session
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A very brief introduction to
hydrogen import cost analysis using TNOs H2SCM



A very brief introduction to
hydrogen import cost analysis using TNOs H2SCM

Morocco Argentina Iceland

Variable Val ue Uni t Vari able Value Unit Variable Val ue Uni t Variabl e Value Uni t

Interest rate local ly 100% [+/- %] * [%] LCoE RES l ocall y 100% [+/- %] * [€/MWh el] LCoE RES locally 100% [+/- %] * [€/MWh e l] LCoE RES locally 100% [+/- %] * [€/MWh e l]

Fi xed OPEX factor 2.5% % MWh_e price back-up 100% [+/- %] * [€/MWh el] MWh_e price  back-up 100% [+/- %] * [€/MWh e l] MWh_e price  back-up 100% [+/- %] * [€/MWh el]

Chain CAPEX 100% [+/- %] * [M€/uni t] CAPEX sensitivity 100% [+/- %] * [M€/unit] CAPEX sensiti vity 100% [+/- %] * [M€/unit]

FLH_combined 100% [+/- %] * [%] FLH_combi ned 100% [+/- %] * [%] FLH_combined 100% [+/- %] * [%]

Optimi sed RES-H2 100% [+/- %] * [%] Feedstock_cost Feedstock_cost

Mass flow & RT efficiency Mass flow & RT efficiency Mass flow & RT efficiency
Net annual supply of NH3 1113 1152 1740 kton NH3/year Net annual suppl y of MeOH 979 1011 1529 kton MeOH/year Net annual supply of MeOH 1394 1369 1394 kton MeOH/year

Round-trip effi ciency of NH3 chai n 51% 50% 51% % Round-trip e fficiency of MeOH chain 57% 56% 56% %

Net annual supply of H2 163 169 255 kton H2(g)/year Net annual suppl y of H2 138 142 215 kton H2(g)/year Net annual supply of H2 196 193 196 kton H2(g)/year

Round-trip effi ciency of H2 via NH3 chai n 45% 44% 46% % Round-trip e fficiency of H2 via MeOH chai n 46% 45% 46% %

Total number of roundtrips required per year 10 11 16 #/year Total  number of roundtrips requi red per ye ar 10 11 16 #/year Total number of roundtrips required per year 15 15 15 #/year

Overall cost comparison Levelized cost Levelized cost Levelized cost

Import cost vs. import mass relationship (€/H2 vs. kton/y)

Morocco Argentina Ice land Morocco Argentina Ice land Morocco Argentina Ice land
Max practical gH2 supplied to NL, annual ktpa 163 169 255 Max practi cal gH2 supplied to NL, annual ktpa 138 142 215 Max practical  gH2 suppli ed to NL, annual ktpa 196 193 196

Specific H2 supply costs €/t H2 7994 7638 8704 Specific H2 supply costs €/t H2 9753 7469 8919 Speci fic H2 supply costs €/t H2 1298 1427 1115
Local electricity generation €/t H2 0 0 0 Local  e lectricity generation €/t H2 0 0 0 Local el ectrici ty generation €/t H2 0 0 0
Local H2 production €/t H2 6004 5656 7077 Local  H2 producti on €/t H2 7126 6732 8406 Local H2 production €/t H2
Compressed H2 storage €/t H2 35 34 16 Compressed H2 storage €/t H2 51 49 25 Compressed H2 storage €/t H2
Feedstock €/t H2 Feedstock €/t H2 2001 0 0 Feedstock €/t H2 0 0 0
H2 to NH3 conve rsion €/t H2 1149 1061 1036 H2 to MeOH conve rsion €/t H2 296 281 253 Biomass to MeOH conve rsion €/t H2 1060 1079 870
NH3 export and storage terminal €/t H2 232 225 109 MeOH export and storage  terminal €/t H2 45 44 22 MeOH export and storage  terminal €/t H2 33 34 24
Transport:  Shipping €/t H2 37 135 30 Transport: Shippi ng €/t H2 38 171 47 Transport: Shipping €/t H2 36 144 50
NH3 import and storage  terminal €/t H2 205 199 133 MeOH import and storage terminal €/t H2 40 39 27 MeOH i mport and storage termi nal €/t H2 29 30 29
Distribution to end-user €/t H2 0 0 0 Distributi on to end-user €/t H2 24 22 17 Distri bution to end-user €/t H2 17 17 19
Large scale  storage €/t H2 0 0 0 Large scale  storage €/t H2 0 0 0 Large scale storage €/t H2 0 0 0
NH3 end use MeOH end use MeOH end use 0 0 0
NH3 to H2 reconversion €/t H2 331 329 303 MeOH to H2 reconvers ion €/t H2 130 129 121 MeOH to H2 reconversion €/t H2 123 123 123

Morocco Argentina Ice land Morocco Argentina Ice land
Max practical gH2 supplied to NL, annual TJ/year 20706 21434 32371 Max practi cal MeOH import, energy content (LHV)TJ/year 19679 20313 30742

Chemical energy supply costs (NH3, LHV) [€/GJ NH3] 60 58 66 Chemi cal energy supply costs (MeOH, LHV) [€/GJ MeOH] 67 51 62
Local electricity generation [€/GJ NH3] 0 0 0 Local  e lectricity generation [€/GJ MeOH] 0 0 0
Local H2 production [€/GJ NH3] 47 45 56 Local  H2 producti on [€/GJ MeOH] 50 47 59
Compressed H2 storage [€/GJ NH3] 0 0 0 Compressed H2 storage [€/GJ MeOH] 0 0 0
Feedstock [€/GJ NH3] 0 0 0 Feedstock [€/GJ MeOH] 14 0 0
H2 to NH3 conve rsion [€/GJ NH3] 9 8 8 H2 to MeOH conversion [€/GJ MeOH] 2 2 2
NH3 export and storage terminal [€/GJ NH3] 2 2 1 MeOH export and storage  terminal [€/GJ MeOH] 0 0 0
Transport:  Shipping [€/GJ NH3] 0 1 0 Transport: Shippi ng [€/GJ MeOH] 0 1 0
NH3 import and storage  terminal [€/GJ NH3] 2 2 1 MeOH import and storage terminal [€/GJ MeOH] 0 0 0
Distribution to end-user [€/GJ NH3] 0 0 0 Distributi on to end-user [€/GJ MeOH] 0 0 0
Large scale  storage [€/GJ NH3] 0 0 0 Large scale  storage [€/GJ MeOH] 0 0 0
NH3 end use [€/GJ NH3] 0 0 0 MeOH end use [€/GJ MeOH] 0 0 0
NH3 to H2 reconversion [€/GJ NH3] MeOH to H2 reconvers ion [€/GJ MeOH] 1 1 1

Mass-based cost comparison (€/ton)

Morocco Argentina Ice land Morocco Argentina Ice land Morocco Argentina Ice land
Max practical NH3 supplied to NL, annual ktpa 1113 1152 1740 Max practical MeOH supplied to NL, annual ktpa 979 1011 1529 Max practical MeOH supplied to NL, annual ktpa 1394 1369 1394

Specific NH3 supply costs €/t NH3 1125 1073 1233 Specific MeOH supply costs €/t MeOH 1353 1032 1237 Speci fic MeOH supply costs €/t MeOH 165 183 140
Local electricity generation €/t NH3 0 0 0 Local  e lectricity generation €/t MeOH 0 0 0 Local el ectrici ty generation €/t MeOH 0 0 0
Local H2 production €/t NH3 881 830 1039 Local  H2 producti on €/t MeOH 1002 947 1182 Local H2 production €/t MeOH
Compressed H2 storage €/t NH3 5 5 2 Compressed H2 storage €/t MeOH 7 7 4 Compressed H2 storage €/t MeOH
Feedstock €/t NH3 Feedstock €/t MeOH 281 0 0 Feedstock €/t MeOH 0 0 0
H2 to NH3 conve rsion €/t NH3 169 156 152 H2 to MeOH conversion €/t MeOH 42 40 36 Biomass to MeOH conve rsion €/t MeOH 149 152 122
NH3 export and storage terminal €/t NH3 34 33 16 MeOH export and storage  terminal €/t MeOH 6 6 3 MeOH export and storage  terminal €/t MeOH 5 5 3
Transport:  Shipping €/t NH3 5 20 4 Transport: Shippi ng €/t MeOH 5 24 7 Transport: Shipping €/t MeOH 5 20 7
NH3 import and storage  terminal €/t NH3 30 29 19 MeOH import and storage terminal €/t MeOH 6 5 4 MeOH i mport and storage termi nal €/t MeOH 4 4 4

Energy carrier Annual import [ktpa] Country of origin Cost per GJ Distribution to end-user €/t NH3 0 0 0 Distributi on to end-user €/t MeOH 3.43 3.15 2. 41 Distri bution to end-user €/t MeOH 2.36 2.40 2.70
NH3 1113 Morocco 1125 Large scale  storage €/t NH3 0 0 0 Large  scale  storage €/t MeOH 0 0 0 Large scale storage €/t MeOH 0 0 0

1152 Argentina 1073 NH3 end use €/t NH3 0 0 0 MeOH end use €/t MeOH 0 0 0 MeOH end use €/t MeOH 0 0 0
1740 Ice land 1233 NH3 to H2 reconversion €/t NH3 MeOH to H2 reconversion €/t MeOH MeOH to H2 reconversion €/t MeOH

MeOH 979 Morocco 1353
1011 Argentina 1032

2030
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A very brief introduction to
hydrogen import cost analysis using TNOs H2SCM

5 𝑐𝑎𝑟𝑟𝑖𝑒𝑟𝑠 LH2, NH3, e-MeOH, bio-MeOH, LOHC
12 𝑐𝑜𝑢𝑛𝑡𝑟𝑖𝑒𝑠 (𝑎𝑟𝑐ℎ𝑒𝑡𝑦𝑝𝑒𝑠)
3 𝑡𝑖𝑚𝑒 ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑠
= 180 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑖𝑚𝑝𝑜𝑟𝑡  𝑣𝑎𝑙𝑢𝑒 𝑐ℎ𝑎𝑖𝑛𝑠



A very brief introduction to
hydrogen import cost analysis using TNOs H2SCM

Our fundamental principles

1. Transparent analysis methods

2. Usage of modular building blocks



A very brief introduction to
hydrogen import cost analysis using TNOs H2SCM

Our current efforts

 Make the H2SCM “open access”

 LCoH2 model alignment & knowledge 
sharing in IEA TCP Task 50 with e.g. 
Fraunhofer ISE, CSIRO, Monash Univ. 
Tokyo Univ, SINTEF, JRC
and share the learnings with you.



We need a 3 dimensional perspective:

•
•
•
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We need a 3 dimensional perspective:

•
•
•



A 1 minute introduction into 
life-cycle assessment



What about our scope?

 The idealist: “Include all!”

 The realist: “Include key elements, complying with RED-III”



Let’s dive into detail using two stories:



GHG CO2e emissions of hydrogen import via ammonia (NH3)
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GHG CO2e emissions of hydrogen import via ammonia (NH3)
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Trade offs: GHG vs costs vs volume



GHG methanol (MeOH)
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Trade offs: GHG vs costs vs volume



Our solution space of value chain design requires a 
balance between hydrogen costs and CO2e emissions.



We need a 3 dimensional perspective

•
•
•



Our solution space of value chain design requires
a balance between hydrogen costs and CO2e emission, 
and we need (very) large quantities.

Q: How?
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Individual reflection Menti.com
123456
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Discussion on trade-offs



Agenda

15.40 – 16.00 

16.00 – 16.20 

16.20 – 16.35 

16.35 – 17.00 
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Environmental LCA comparison of 
hydrogen delivery options within Europe
Den Haag, 22 May 2024

contact information
alessandro.arrigoni-marocco@ec.europa.eu
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Joint Research Centre

Our purpose

The Joint Research Centre 
provides independent, 
evidence-based knowledge
and science, supporting 
EU policies to positively 
impact society.
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• 10 Mt domestic renewable H2 production 

• 10 Mt renewable H2 imports

Introduction

2030

which is the cheapest way to deliver the renewable H2??
[JRC Assessment of Hydrogen Delivery Options, 2022]

is it also the most sustainable way to deliver it??
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Goal of the study
What is the most environmentally sustainable option of delivering of 1 Mt/y of
renewable H2 to a single industrial customer via a direct transport pathway
(via ships or pipelines)

• Compressed H2 (C-H2)

• Liquefied H2 (L-H2)

• Ammonia (NH3)

• Liquid organic H2 carrier (LOHC)

• Methanol (MeOH)

• Synthetic natural gas (SNG)

• Reference: on-site SMR/electrolysis

delivery options
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• Assessment method: Attributional prospective LCA

• Functional unit: 1 kg H2 delivered (30 bar, 99.97% purity)

• Impact assessment method: Environmental Footprint (16 impact categories)

• Inventory: JRC calculations*, ecoinvent 3.9, scientific literature

• Time horizon: 2030+

• System boundaries: from cradle to gate

Method

*Ortiz Cebolla et al. 2021. Assessment of Hydrogen Delivery Options
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Main assumptions [2030+]

• Renewable H2: electrolysis [50 kWh/kg H2] via solar electricity a

• Electricity grid: mixes of 2030 in line with EU Fit for 55 plan b

• Storage: both at production and use sites to guarantee constant H2 supply

• Ships: powered by biodiesel

• CO2 for carriers (i.e., MeOH, SNG): sourced from direct air capture (DAC)

• Heat for processes (e.g., DAC, LOHC unpacking): from extra renewable H2

• H2 Global Warming Potential over 100 years: 11.6 kg CO2e/kg H2 
c

a Hydrogen Council. 2021. Hydrogen decarbonization pathways. A life-cycle assessment
b E3Modelling, ''Fit for 55" MIX Scenario. Summary Report: Energy, Transport and GHG Emissions, 2021
c Sand et al. A multi-model assessment of the Global Warming Potential of hydrogen. Commun Earth Environ 2023
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Results: Climate change potential impact

• H2 delivery from a location where 
renewable energy is cheaper would 
generate a lower climate impact than 
producing hydrogen on-site via either SMR 
or electrolysis powered by the grid mix

• The transportation advantage of packing 
H2 into a more manageable carrier does 
not seem to translate in a GHG advantage, 
due to the energy required to pack and 
unpack the carrier

Extra H2: H2 to make up for losses, and H2

used for heat
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Results: Land use potential impact

Impact can be ascribed to land used for 
solar power generation and to grow 
biomass for biodiesel 
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Results: Water use potential impact

Impact is mainly due to the water 
consumed for electrolysis, for electricity 
production, and for cooling processes. 

Impact depends on the location where 
water is consumed: using freshwater in 
Portugal is 40 times higher than in the 
Netherlands, due to the different 
availability of water resources. 
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Results: Normalization and weighting

Absolute results were normalized and weighted to obtain 
a single impact score according to the EF method. 

Normalization compares the magnitude of the impact 
with respect to the global impact on a per capita basis. 

Normalized results are multiplied for the a set of 
weighting factors that are intended to represent the 
relative importance of each environmental impact 
category considered.
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Results: Single score
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• The least environmentally impactful option of supplying hydrogen is to produce it on-site
via efficient renewable sources, followed by shipping of liquid hydrogen and compressed
hydrogen by pipeline

• Energy required to pack and unpack hydrogen into more suitable carriers (i.e., ammonia,
LOHC, methanol, and SNG) makes this option less attractive in terms of environmental
impacts

• The renewable energy infrastructure (i.e., solar panels manufacture) plays a critical role in
the environmental performance of the hydrogen delivered

• Limiting the scope of the assessment to GHG emissions can lead to unintended
consequences in terms of other environmental impacts

Conclusions
Results are referred to a well-defined geographical context and time horizon, and they are 
driven by the numerous assumptions made throughout the study
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Recommendations
• Prioritizing on-site hydrogen production utilizing local abundant renewable sources

when viable;

• Focusing research and development efforts on hydrogen transportation methods, such as
pipelines for compressed hydrogen and maritime transport for liquid hydrogen;

• Reducing the environmental impact of the infrastructure used for renewable electricity
production, namely solar PV panels

• Optimizing energy efficiency throughout the supply chain of chemical carriers involved in
hydrogen distribution, with special attention to the delivery phase;

• Preventing hydrogen losses along the delivery chains

• Perform environmental LCAs to determine the best hydrogen supply chain for each specific
scenario
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Thank you 
and keep in touch

© European Union 2024

Unless otherwise noted the reuse of this presentation is authorised under 
the CC BY 4.0 license. For any use or reproduction of elements that are not 

owned by the EU, permission may need to be sought directly from 
the respective right holders.

alessandro.arrigoni-marocco@ec.europa.eu

Link to the new report

https://publications.jrc.ec.europa.eu/repository/handle/JRC137953
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• Monitor technologies to regularly update the results and reduce uncertainty

• Develop more robust tools for investigating the potential environmental impact of uncertain
future activities

• Extend the research to different geographical locations, time horizon (e.g., 2050+), and
additional means of transportation (e.g., trucks and trains)

Future work
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Results: Acidification potential impact

Main impacts from sulphur dioxide and 
nitrogen oxide emissions from biodiesel 
use and solar panel manufacture (sulphur 
dioxide from burning fossil fuels)
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Results: Human toxicity potential impact

The impact could be attributed to several 
processes, including the production of 
photovoltaic cells (silver emissions) and 
the treatment of copper slag (arsenic 
emissions) for electricity generation. 
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GWP20 results
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Sensitivity analysis
Renewable electricity generation
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Sensitivity analysis
Shipping fuel



66

Sensitivity analysis
Distance
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Sensitivity analysis
Hydrogen losses
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Sensitivity analysis
Water source: freshwater vs. seawater
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Sensitivity analysis
Energy for unpacking
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Sensitivity analysis
Carbon capture and storage
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Sensitivity analysis
Impact assessment method



Agenda

15.40 – 16.00 

16.00 – 16.20 

16.20 – 16.35 

16.35 – 17.00 



Q: How to decide which import routes to invest in 
from a low cost ánd low environmental impact POV?



We have a plan - you are invited

•

•

•



Thank you
for your

participation



Trade offs: GHG vs costs vs volume (excl. equipment)



What about the CO2e emissions beyond production?



Other assumptions

•

•

•

•

•

•

•

•



Volgende kennissessie

•



Hartelijk dank voor uw aandacht

SHIPNL: Sustainable Hydrogen Import Program Netherlands | 
Nationaal Waterstof Programma


