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Framework for the study

Objectives and tasks of study on hydrogen in ports and industrial coastal areas

Commissioned by Objectives Overview of tasks
el Hydrogen demand and market March 2023
Clean Hydrogen ) o potential
Partnership Foresight: visibility on
Wl m the market potential of
hydrogen in ports, and a Hydrogen supply, storage and March 2023

Codwilodiing clear roadmap to

distribution
EUROPEAN PARTNERSHIP E {hie Buropean Unlor implement it.

Task 3 Definition of business models March 2023

Community building:
collaborative resolution
of common issues and

developing case studies Task 4 Case studies November 2023

DEIOitte. that can act as

blueprints to accelerate
take-up of financial
assistance for hydrogen
plans in ports.

/Jo

Performed by rQ*%

(

Recommendations on R&I, safety
regulations, codes and standards September 2023
and non-technical enablers

Continuous

The study feeds into the work of the Global Hydrogen Ports Coalition, launched at the latest Clean Energy Ministerial (CEM12). This important
international initiative brings together ports from around the world to work together on hydrogen technologies.

* Dates refer to delivery date of final reports
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Framework for the study

Study on hydrogen
general approach
SREd  Geographical coverage  JE

Overview of ports in scope
) @

Geographical coverage include ports
in Europe, defined as EU27 + UK +
Norway
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in ports and industrial coastal areas: overview of the

Hydrogen demand -

- - Hydrogen supply - -

Renewable hydrogen from
onshore and offshore

windfarms

Renewable hydrogen

Port activities E!ﬁ from solar PVs
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Blue hydrogen from
existing grey hydrogen

production sites

Imported green and blue
‘%ﬁ hydrogen

Out of scope: pink hydrogen

During the course of the study the REPowerEU plan has
been published and included in the scope of the study

—_—_——————— Hydrogen business models SRR

1
1 Comprehensive overview of relevant business models |
1

Analysis of technological, safety and non-technological barriers and definition ,
of policy recommendations |

r—-- Broad stakeholder’'s Rty
representativity*
Port authorities

Terminal operators

Shipyard representative

Ship owner and operators

20000

City/municipal authorities

Heavy industries

Gas infrastructure operator

Heavy-duty transport

Hydrogen and renewable
energy producers

Q0O

I European Commission

I *Not exhaustive
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Hydrogen demand
high-level results
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Demand projection

Overview of hydrogen demand projections until 2050 in Europe across all

demand subcategories
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Hydrogen demand per demand cluster per
category — ambitious scenario in 2050

]
The circles on the map are located in the center of the
relevant cluster
@ Industry ® Transport
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Key messages:

* Hydrogen demand projections:
+ 2030: between 283 and 389 TWh
« 2050, between 545 and 1764 TWh

|
|
|
|
|
|
|
- Mainly driven by industries and the :
international shipping sector demand for
clean hydrogen in the vicinity of '
European ports could reach 730 TWh, :
or 429% of total hydrogen demand in 1|
the EU expected in 2050. This would :
represent a six-fold increase compared
to the current demand for hydrogen I
near European ports (126 TWh). :

|

|

|

|

|

|
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|

|

|

|

|
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+ Clean hydrogen consumption in port
areas has the potential to lead to up to
360 Mt of CO2-eq abatement in 2050
(or 8% of total European GHG
emissions in 2019) as well as
additional environmental benefits (e.g.,
reduction of toxic atmospheric
emissions, water pollutants, solid waste,
and noise emissions).
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Demand projection
Hydrogen demand in Europe per demand subcategory and scenario for 2020,
2030, 2040 and 2050

Projected hydrogen demand in Europe per year

2500
70
2000 60 .
Buildings
> >0 } Port activities
1500 w =
c g 40
= o =
[ a. — Transport
1000 (-4 30
x1,7 /4 20
—
- B .
... . - 10 ~ Industries
0 [ | I N N . I N . I N . 0
2020 2030 2040 2050
1. Conservative scenario
. . . . . | . 2. Moderate scenario
Industries ® Ammonia HVC Methanol ©® Mineral oil @ Steel ® Industrial heat I @ Power generation I I I 3. Ambitious scenario
Transport ©® International shipping @ Domestic shipping ® Road freight I Aviation s 4. REPowerEU scenario
Port activities Cargo handling Port vessel fleet : Other?
Buildings @ Residential buildings ® Service buildings

Note: The large differences in estimates of future hydrogen demand reflect the great degree of uncertainty that currently exists in the adoption of hydrogen as a replacement for fossil fuels in some sectors, notably the 'Buildings' sectors (heating of
residential and service buildings). For all the other sectors in scope of this study (industries, transport and port activities), all three scenarios foresee a role for hydrogen, at least to some extent. (1) Hydrogen demand in international shipping was
added on top of the communicated REPowerEU hydrogen demand of 20 Mt, due to studies2 showing hydrogen is no-regret option for shipping in 2030. (2) This category includes part of the ammonia/hydrogen derivatives imports defined in the
REPowerEU communication

© 2023 - Deloitte Belgium Hydrogen in ports and industrial coastal areas 6



Demand projection

Overview of hydrogen demand projections until 2050 in Germany

Hydrogen demand in Germany for the ambitious scenario

Key messages:

450
400 « In 2030, total hydrogen demand is projected to be up to
~ 92 TWh (about 2.8 Mt)
350 « In 2050, total hydrogen demand is projected to be up to
~ 392 TWh (about 12 Mt)
300 + By 2050, the industry (mainly HVC, industrial heat and
steel) will likely be the largest demand sector for
250 renewable and low-carbon hydrogen, followed by
transport sector, potentially urban areas and finally port
200 activities.
« REFERENCE: Projected hydrogen demand in Germany’s
150 Hydrogen national hydrogen strategy (BMWK’'s):
strategy
100 iI: Germany + 2030: 95-130 TWh
I 0 o
+ 2045: 290-440 TWh industry, conversion sector
50 80-100 TWh & a role in transport and potentially
- buildings
0
2020 2030 2040 2050
@ Industry ® Transport @® Urban areas Port activities
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Hydrogen supply
high-level results
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Hydrogen supply

The base scenario! evolves to a 75% - 25% split of local production vs. import
of hydrogen by 2050, with important variation between clusters...

Local hydrogen production vs. import per cluster per
type - base scenario in 2050

FINLAND

B Green hydrogen - domestic

Note: (1) The ambitious scenario is the default demand scenario for which supply is matched, unless stated otherwise. (2) Turquoise hydrogen via pyrolysis was also considered an option in the model, however, LCOH

was higher than for GHR and thus not an outcome of the model.
© 2023 - Deloitte Belgium
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Green hydrogen - import

Blue hydrogen - import

In the base scenario, most of the
hydrogen is projected to be supplied by
local European production. Split local
production vs. import is expected to
be 75% - 25% by 2050, while in
2030, imports are expected to be less
than 10%

By 2050 the majority of imported
hydrogen is green (60%) however
the balance green vs. blue only sways
to green after 2040.

Most clusters rely almost completely on
local European production for their
hydrogen supply however, this is not
the case for all clusters. The largest
demand cluster Belgium, Netherlands,
Denmark and North of Germany relies
for over 40% of its supply on
import, whereas the clusters Western
Mediterranean coast and Eastern
Central Europe rely for over 50% of
their supply on import.

Hydrogen in ports and industrial coastal areas
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Hydrogen supply
... for which the cheaper local production and blue imports are complemented

with more expensive local production and green imports

Merit order curve hydrogen supply — base scenario in 2050

2.5 A

LCOH (EUR/kg)
N
o

1.51

1.04

0.5 A

0.0 -
0

Blue hydrogen - import

Hybrid — domestic
production

B PV - domestic
production

Onshore - domestic
production

Offshore - domestic
production

PV - import

Hybrid — import

Note: (1) Hybrid systems: wind onshore + PV. (2) Hydrogen import coalition. (3) Own cost assumption, cf. appendix
© 2023 - Deloitte Belgium

* Local PV and hybrid systems are the most
cost-effective hydrogen sources and have the
possibility to provide at least 15 Mt of
hydrogen at a cost lower than 2,5 EUR/kg

« Further, local hydrogen supply is based on other
onshore wind, PV and hybrid systems at a cost
between 2,1 and 3,3 EUR/kg and offshore wind
at a cost between 3 and 3,5 EUR/kg

- Blue hydrogen imports are expected from
Algeria and Qatar at a cost below 3 EUR/kg

+ Green hydrogen imports are expected from
Morocco, Oman, Saudi Arabia and Egypt at
around 3,5 EUR/kg. The hydrogen supply
model assumes consumption of hydrogen,
however in many cases the carrier used for
transport, such as ammonia, can be used
directly without conversion to hydrogen.
Avoiding this conversion step makes the import
case significantly more competitive (cost
reduction of 0,42 to 0,83 EUR/kg) for sectors
where direct offtake of these carriers is expected
(e.g. shipping). We refer to ongoing initiatives
such as HyPort Dugm or HyEx where ammonia
will be imported from Oman and Chili,
respectively.

Hydrogen in ports and industrial coastal areas 10
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Hydrogen supply
In the increased import supply scenario, with constrained EU renewables

deployment, there is a significant shift to 70% hydrogen imports

Local European hydrogen production vs
hydrogen import

H2 local hydrogen production vs import per cluster per
source - increased import supply scenario in 2050

Morwegian Sea

* In the increased import supply
scenario, where local European

these countries are signing MoUs for
hydrogen import?.

The left bar in each year is the base scenario, while the right bar
is the increased import scenario

] [ |
| (I !
: Iy !
I I 1
|
! : | 2000 60 : | renewables are expected to be deployed
: . | ! P slower than in the base supply scenario,
| | : 1800 ; | there is a significant shift from local
I 1 1600 50 ! !European h‘ydrogen product_ion to more
1 1 1 ! import. Split local production vs.
I (" 1400 I : import is expected to be 30% - 70%
I ceLaND I 40 I} by 2050, in 2030, imports are expected
! I 1200 ! ; to be already more than 35%.
| (" |
I (= . 1 '+ By 2050 the imported hydrogen is
1 : 1 E 1000 30 = : : predominantly green (70%), this is
| 1 i
| - 800 Pl already the case in 2030.
I 1 20 I '+ A significant variety exists amongst
1 I 600 1 : clusters in split local production vs.
: : I : ,  import as well as the type of hydrogen
1 400 :
| | 10 P imported.
I I 200 ! : « The largest demand cluster Belgium,
I I l. '\ Netherlands, Denmark and North of
: : I 0 0 : | Germany relies for about 80% of its
| | : 2030 2040 2050 ; | supply on import. Correspondingly,
| 1 [
| (I !
| 1 !
I 1 [
| 1 [
| (I !

B Green hydrogen - domestic Green hydrogen - import Blue hydrogen - import

Note: (1) E.g. Belgium (or Belgian ports) are signing memorandums of understanding (MoUs) with Oman, Namibia and Chili; the Netherlands (or ports in the Netherlands) with the United Arab Emirates (Africa-
focused); Germany with Australia
© 2023 - Deloitte Belgium Hydrogen in ports and industrial coastal areas



Required hydrogen value chain infrastructure

The projected need for specific corridors largely aligns with the
communicated corridors in European Hydrogen Backbone vision

Base supply scenario in 2050 Increased import supply
scenario in 2050 F T T T T T T S T e s T T e s s S S S S SSS S s s s — s 1
Comparison to identified corridors in European Hydrogen Backbone vision?

UK & Ireland + To deliver the hydrogen demand and supply

targets set by the REPowerEU plan, five large-
scale pipeline corridors are envisaged by European
Hydrogen Backbone initiative:

uthern*Norway ==
Northern-Norway—

OUtHern Narway s
Northern-Norway—

« Corridor A: North Africa and Southern
Europe (from Algeria through Italy to
Central Europe)

-ATA

Western: medlterranean COBSt

« Corridor B: Southwest Europe and F.
North Europe "

« Corridor C: North Sea

« Corridor D: Nordic and Baltic regions

< Corridor E: East and South-East Europe

- From our economical analysis, it can be concluded that there is indeed a projected
need for corridor A, B, C and E. It should be noted that our analysis is an
economic optimization and does not take into account other factors such as policy
initiatives.

estern Central Europe

UK &dIreland

Spain, Pcr‘tug.':Jl

Maritime import Pipeline import M Intra European transport

Sources and notes: (1) Guidehouse, Five hydrogen supply corridors for Europe in 2030, 2022. (2) Country codes can be found in glossary at the end of the report
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Required hydrogen value chain infrastructure

The projected need for specific corridors largely aligns with the
communicated corridors in European Hydrogen Backbone vision

Key messages:

Base supply scenario in 2050 Increased import supply
scenario in 2050

+ Germany’s hydrogen demand is projected to by supplied partially by
local production for a small part (~13% in 2030, corresponding to
12 TWh, corresponding 5.7 GW electrolysis capacity and ~20% in
2050), or not at all in the increased import scenario

WKSRAIreland

uthern*Norway ==
Northern-Norway—

= ooUthern'Narway s
Nerthern-Norway—

- It is projected that Germany will import:

- Via pipeline, from amongst others, directly, Denmark or
transited via Belgium, the Netherlands, Italy, coming from
outside of Europe (pipeline/ship: Algeria, Morocco, ship, cf.
below)

—
I[E’q-;ﬁérm@entral Eurape l

« Via ship from countries outside of Europe, mostly countries in
the North of Africa or Middle East. However, also other
options such as Australia are possible

!

Igium + Netherlands + Denerk + North of Germany

+ LCOH range: 2030: 2.9 - 5 EUR/kg, 2050: 2.6 - 3.5 EUR/kg

- REFERENCE: Germany’s national hydrogen strategy:

+ Local production: 25 TWh, 10 GW electrolysis capacity

- Import strategy (to be released): pipeline: Norway, the Netherlands,

spain poruea ] Belgium, Denmark, France, Morocco, Algeria, Tunisia, the United
Kingdom and Ukraine, ship: Australia, Saudi Arabia, the United Arab
Maritime import Pipeline import M Intra European transport Emirates, South Africa, Namibia and Chile

Sources and notes: (1) Guidehouse, Five hydrogen supply corridors for Europe in 2030, 2022. (2) Country codes can be found in glossary at the end of the report
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Detailed insights via ()

NETHERLANDS

—

dashboards
main functionalities

© 2023 Hydrogen in ports and industrial coastal areas



Detailed insights via dashboards

Overall perspective: hydrogen demand and related CO, abatement

EU activity Hydrogen demand per category Hydrogen demand per subcategory

Dashboard

Dashboard Dashboard
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2%
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1
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@ mmons ©HVC @ incistia heat @ Vethanol @Miners of @Siee
o

@irausty 7o scivtes @Tensport @Uroan s

CO, abatement potential per category CO, abatement potential per subcategory

Demand seznsrio Portname Location demand Country Cluster

Ambitious V' Alle v Ak v Al v Al v

Dashboard - Dashboard
Demand senario Portrame ondemancs Cou Custer
(© CO2 abatement per category Lot i e (© CO2 abatement per subcategory
Transport
Ambitous v Alle v Ak ™ v e v
€02 emissions per category (Mton) CO2 abatement per category per port in a cerain year e €02 emissions per subcategory (Miton)
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Detailed insights via dashboards

Overall perspective: hydrogen supply and required infrastructure

LCOH supply Supply sources Storage capacity

Dashboard ’ Dashboard - Dashboard -
@© Total LCOH of hychogen supply e e FERT TS g P @© Hydrogen supply sources Uit Supply scenarios Vear Country Destination luster (@ Hydrogen storage capacity Hydrogen urit Portname. Locaton demand Country Cluster
e I [me ] [ ] [ 9] [me = Mon v Ambitowsbase v 2050 Vv Al v e v in v e v ousdeofpots v Al v e v
Total cost for supply per year (BEUR) Total cost for supply per location (bEUR) T @ e Hydrogen source location v H2quantity p Storage capacity required per scenario Storage capacity required per location Demand scenario
@Domestc @import @Domesic @impart @inira Europein transport © Meritme ammons © Ppeine LCOH EURAG) H2quartty Unt  Suppy country rame) Suppy source Energy source ] Consenatve @Noderste @ Ambitous Comeniie: 57
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& - o 0% v G oo dorete PV
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] T oot v Gee et donete Orinee
Agera 23 147 Muon Greece Green hydrogen - Domestic PV
. [ ] e I oo i
2m 00 ] a5 03 Mon Gese Greenyorogen- Domestc PV
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N ‘ - ° Y &2 22 050 Mion Greece Green hydrogen - Domestic  Hybrid
Total oo ¢
oo © dcion et @ ot Cntorin @ Caveri. 8 rotactinc. @Temioae. b =
e
w
e
w
w
~
w
~
w
~
w
~

Production capacity and investments Import capacity and investments Refueling stations capacity

Dashboard - Dashboard

Dashboard b
@ Hydrogen production capacity and investment cost Supply sceniros i oty . @ Hydrogen import and investment cost in Europe "/éresen it Supply scenarios Portname Demand ecstion Counayy, Cluster @ Refueling stations in 2030 urit Demand scenario Portname Location demand Country Cluster
Ale v ome v e v v wh v e v v v Ak v v Wh v Ambitoss v Al v v v e v
Martime import vs. pipeline import = Maritime import v. ipeline import per location r

i S A e asea Required capacity refueling stations Required capacity refuling stations per port

Tecniogy @OhoreTued @Orsnore OFY e 0% v

K I
®
o - .

2% 2000 250

Required capacity electrlysers (GW)

am 20 25

Required investment in import infrastructure (bEUR)

Required investments other (bEUR)
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Policy recommendations
high-level results

© 2023 Hydrogen in ports and industrial coastal areas



This study provides a three-level analysis for each of the hydrogen-related
activities and infrastructure expected to be developed in port areas

R&I challenges

Assessment of current technological challenges,
identification of areas of priority for R&I projects and

recommendations on R&I objectives and millstones Key recommendations to port
(e.g., cost target, research timeline) authorities and other port
stakeholders
Safety challenges
Key recommendations to EU Member
Identification of gaps in safety regulations, codes and States (national governments)

standards and recommendations on safety
regulations, codes and standards to update or develop.

- : ’ Key recommendations to the European
Non-technical (policy, regulatory, strategic, etc.)

Union

challenges

Identification of non-technical (policy, regulatory,
strategic, etc.) and recommendations on these non-
technical challenges.

: Clean Hydrogen I 'tt
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Illustrative example of the structure of the ana

hydrogen value chain in EU port areas

Safety challenges and associated recommendations fpor the development of
T T T it and inland shipping

Description of the safety challenge: The handling and bunkering of il hydrogen-based maritime fuels (fike gaseous hydrogen, (crya)compressed hydrogen, liquid
hydrogen, ammenia, methansl, liuid arganic hydragen carriers, metal hydrides) in a port envimnment are associated with potential safety hazands {explosion, fire,
toxicity) that can have an immediate impactan the physical safety of people, bullding structures and equipment in the direct proximity.

Objective: Development of a set of safety regulations, codes and standards for snabling safe hydrogen-based fuel bunkering activities in a port
environmaent.

Where are wae today: Bunkering guidslines, procedures, standards and checklists for bunkering of hrydregen-based fuals do not exist’. CENJCENELEC are in the sarly
‘skages for developing standards for bunkering hydrogen®; some generic inputs can be retrieved from Norwegian stondard FOR-2009-06-662 (does not cover hydrogen)*.
Experienca with tha loading and unloading of sea going vessels carrying methanal and ammonia s available, Although diffarent from bunkering, overlap in lessons
learned are to be considered:,

Safety projects should focus on
Assessment of the cycic thermal effects on dummntv and integrity of stnrﬂue tanks and heses during direct gaseous hydrogen fusling; design considerations and
integrity of hoistad fual containe; irops from the swapping cranes.

. Nantlation Comsderatione n tefma of poskion o vent bioes raitiva o \Mnu quarters and height above deck; installation of gas detecters in frash air ventilation to
accommuodation and working spaces.
Firafighting systems appropriata for hydrogen carrier used and fire loads anticipated; fira integrity of the fuel tank; fire detection systems and their measurement

Iocations,

+ The location of the bunkering infrastructure \n relation to the safety distance required; distances differ per phenomenon - toxidty {ammonial, overpressure
texplosion) and heat radiation of scale of the light of the more stringent guidelines of SEVESO 111 (5 tonnes limit),

Recommendations:

» The EU should encourage the 150 and CEN/CENELEC to develep bunkering guidelines/standards; make use of existing and correspending desuments for the bunkering
of LNG. Basic besimilar, and and safety will be different.

> The EU should encourags the International Assaciation of Classification Socleties (IACS) and Society for Gos 25 o Marine Fuel (SGMF) to provide a more specific and
practical bunkering guidelines for the implementation of the international guidelines.

+ The EU should encaurage bunker operators to develop bunker procedures with support from the classification societies,

» The EU shauld encourage the Intemational Association of Ports and Harbors (1APH) to develop harmonized bunker checkiists.

» The EU should develop a roadmap to harmonize maritime regulations with EU enshore regulations, national reguiations and Part Authorities prescriptions to support
the definition of practical solutions.

& 222 - Deiume Begun Hyckogen i ports and industrisl coastsl aress
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darivatives

Introduction: Ports will need to timely develop hydrogen and/or hydrogen car
Dunk ering infrastructures for maritime and inland shipping

o e e s A T N T e

carriars (1.9., ammenia, methenal) for use e fuel by shlps, rncludlnq :hur: —to-ship (fusl
bunkered directly from & storage tank o pipslines), ship-ta-ship cm-\ eveeilirates <argo tanks of & refusling vassel)! and truck-to-ship (fusl bunkered
from a truck connected to the ship on the quayside)®, but aiso floating sammonia bunkering systems and swappab\o <ompm!u1 hydrogen (GH2)
containers.

-
i

i

| Contextand background:

| = With the upcoming adoption of the FuelEU Maritime Regulation® and alrsady adopted IMO targetss and Act of
! Manohem* (inknd EU shipoing), the meriime sector s under Incressing presaure o accelerate emissions
| reductions, notably threugh the gradual fuel ed with

i [ eiereseie] A prloa( e R me upcake oF spacfc low-<arbon ahernative maritme fusla 1 Iargely
! driven by shipping companies, nd ports can play a catalytic role in offering, promoting and
| using olternative maritime fuc
i

i

indeons

Firstly, while numerous altemative maritime fuels are being touted as the future of ships (1.e., compressed

e o Tl e e Facl TS ol T o Rl e el

combinakon of fueis wil be most prevalznt, ports Have o cholcs but to slready plan fow In order to
the right fuels in sufficient quantities and in a timely manner, whil

meeting the dverse and compiex safety and handiing requirements scsociated With these fuels

sen play & user tole by using these alternative fuels to decarbonize their own

port vessel fleat.
Thidy, ports can act a3 a promoter of alternative maritime fucls, notably by reising swareness
Somirunity s wider puble n ordar o push progress and direction of sitemative fue
e ‘adoption in cooperation with relevant stakeho
- In this content, porta will sventually need storage facilities from which bunkering infrastructures (1.
vessels) will be able to source alternative fuels and supply them to ships that need them. Tn the case of Ammonia burkering infrastructure protype
small vessels based in ports, bunkering from a fixed barge may be another option’. by AZANE Fuel Salutions (Source: o)

Hotes: (1) Shi-to-sp num-mu i mast commonty wsed for or setooinn vesse, 3 the supoly wazsal can be moored songside the £hip while it Sbergcessimueaneous o hanio: (2) k- iy bunkmnn "
mest ppraprats for smaler s Sunkering of G2 n saappasle cuntorers ml=grotes wel un gstics cparatirn of inlar naw)

at The FuslEU Maritime propossl (£0) oz v the vanly v e 3venhes avt ety of
e anaray usgd an-basrd by 3 300 i % from 2025, 5% from 2030 oo fom
puerage gresrhmes g oy of e e 3 g 1 3020, 131 The il g

(compsred to 2003). Morscer, the totd annual GG amiesi: need o b by 5%

e {015) tasked e mizal Commzon fr the Hovgshun S ehe e (N 10 1 oy 2035, veduce prbt
i By i aask 255k Somoared i 2015 by 015 and arasl SIMInSUE GHG ard aihe paltants b 2050 (71 For amalle veaeals, 3 JSHAIE DURK 0 nfrastrochae mes be Teuivsd, aieen hat ey SahERE
e gl CompantRy S WTRUTAPUR Tres Ton I3 Seese (e o 0 o S
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Non- technlcal challenges |associated with the development of alternative fuels
or maritime and inland shipping

Non-technical barriers hinde

inland shipping:

1. Lock of port-specific roadmaps/planning developed by port autherities in collaboration with future hydrogen (derivatives) bunkering fuel companies,

alternative fuel storage ewners, Leminal operalors and shipoing companies to precisely define governance, as well as key milestones and

for the of ive fuel bunkering activities in ports (l.e, tming, quantities, end-users, required Infrastructures,
investment needs, etc.).

Lack of censensus on what will be the future fuels mix of choice in the maritime sector (2., ammonia, methanal, e-fusls, LH; GH2], preventing

hydregen and hydrogen carrier bunkering infrastructures from moving from the RED phase to wider adeption

With the likely expansion of sevaral altemativa marine fusls in the coming years, various bunkering options with diffarent technological raquirements will

be needed!, This situation may lead to increased pressure in ports that are already facing land scarcity, &s separate bunkering installations

ﬁ require more and different berthing peints, and large safety zone requirements may be needed for af least some of these slternative fuels (e.0.,

ammonia)ss.

Lock of sufficient demand and supply (avallability of altermative maritime fuels in ports in sufficient quartities) certainties for hydrogen/hydrogen
carriers-based bunkering fuels Lo incentivize seaports (i.e., terminals, bunker operators andjer other third parties te invest in dedicated bunkering
infrastructures (s.g., filling points and bunker barges).

. Lack of EU-wide harmonized technical and safety protocols, s well as regulatory framework (including clear guidelines to Member States on
administrative practices and permitting procedures) for the construction and safe eperation of hydrogen and hydragen carriers bunkering infrastrictures
in the shipping sector.

©. Lack of harmonized operational practices batween Member States for ship bunkering, resulting in the need to desion and bulld sevaral types of

bunkering infrastructure for each (alternative) maritime fuel, adapted to the bunkering specificities of the Member States.

7. Lack of innavatian breakthroughs to urther (mprove the efficiency and safety in handling and bunkering altemative fucls.

Hates (1) cor instance, whic L1z requres hishy immulated containers it crvsgteis hases fa burkeing, am maria o eraive and toic snd nced spacialzed squiment i elminate sy potential forkokage ven
Shough batery-skct popuse sesms i diply great vty o mlane sl o ot suopet nowatve sl tanks for G bunkering and

gen i eland sigiing; (2 Whils 2 adegusts cadcsted srs e ermulln =18 punkering woukd be rsqured for ai skamative marioms ek the mankarrg o aymorss ¥ vpacid i
need sbstansally larger safehy deterces aromd oesbans whers oh-to-shp bunkerng tabes poce than 2, L2 x metharsl (5] Adtmnal, gren that enciay Seviy of liroine moritme o
Tty e i s thi el o ey e ece e s o o e SERCEr e e 1 adher o cafey
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lysis for one step of the

TErTE o

R&I challenges and associated recommendations for the development of

Deseription of the RAI challenge: Ammania and LOHC bunkering can be done using ship-to-ship, truck-te-ship and (floating) bunker stations. Loading and unloading
of ammaria from terminal to ammania-carrying ships is currently handled safely in ammania bull transfers. LOHC can Urilize existing bunkering infrastncture for diesel
due to similarities in intrinsic qualities.

Objective: Demonstration and qualification of LOHC and NH3 bunkering | Where are we today: Feasibility study to establish green ammonia ship-to-ship

bunkering at the Pert of Singapore'. The SABRE oensortium has receives approval
in principle (AIP) from the US dassification society ABS for an ammonia bunkering
wvessel design?. The Ship-aHZoy project has received €15m to demenstrate the
operation of LOHC/SOFC system on the Edda Wind vessel.

« Target for 20302 > 20 tHzama/h™
+ Costtargetin 2030: NA
~ Research Timeline; 2023-2028

Tachnical R&I aspects: Ammaonia con be stored under pressure or refrigerated. Different arrangements of
fusl tank and supply tank have specific bunkering equipment requirements. Pressurized fuel tanks can be
burkered both by pressurized and refrigerated tanks®, For the bunkering of ammaenia, toxicity s the main
sk’

R&1 projects should focus on:
A qualification program for smmania equipment.
Infrastructure deployment for facillties to store, handle, and distribute ammonia to ships, as well as
equipment for transferring the fuel fram the shore to the ship.
Mumerical and exp work to g
Demonstrate LOHC bunkering with existing bunkering nfrostructure.

occurrence and effects of incidents.

Ammania bunler vesselS

Recommendation: The Clean Hydrogen Partnership shauld suppert development and qualification of design solutions for LOHC and ammonia
bunkering.
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Recommendations for addressing non-technical challenges |related to the
F i f u —skigping (1/2)

In thelr ports need tn consider how |

As the adoption of akternative marine fuels becomes more widespread, al with bunk
best to devalop bunkering infrastructure for altermative Fuls, ther by taking on this rasponalilEy themselves or by using third-party bunkering servies
o in their port. To do 50, under the leadership of port authorities, port areas (teminal operators, altemative fuel storage ewners, fuel/bunker preduction company

and shipping companies) should define a framework (e.g., governance, timing, quantities, end-users, required infrastructures, investment needs, space
availability et} for the development of siternative maritime fuels bunkering infrastructures that prometes and drive supply and demand dynamics of

Should port autharities not directly responsible for the development and operation of altermative fuel bunkering infrastructures, they should actively contribute
to ncouraging, stimulsting, or compeling (depering on port governance and reguitory pawers) private fuel bunkerlng operators 1o tinely develop

tive fuel bunkering . For instance, This ba done by:
e - Altering regulatory framewerks, previding guidance (1.e., in coordination with relevant societies and associations), o including specific previsions in
tender tarminal con

- Investing in specific flagship demanstration projects to prove the technical and economic feasibility of safely handling and bunkering altemative fusls.
Prov identify and secure access to European and/or national public funding programmes,
Praviding training support for personnel of bunkering operaturs on the safely speratien and maintenance of altemative fuel bunkering infrastructures.

o | Panding the development af IMO and 150 technical regulstory standards, relevant stakeholders (e.g., dassification societies), could align themselves to
establish harmonized technical snd ssfety standards for bunkering of altemative mariime fuels 52 well a5 tachnological standards for building H
M-ﬂm lmi i

in Hemberslukw‘

Due to the spatial requirements of buikding and operating the various bunkering infrastructures assadated with the likely expansion of several aemative |
maritime fusls, se and inland ports with space limitations may be able to bypass telr own sltamative bunkering requirsments by contracting with larger |
ports or nearby alternative fuel providers for bunkering of specific fusls. In tums, ports could alse consider to specislize in specific alternstive |

maritime fusls that will alsa supply ather ports in the same coastal area, P

Hyckogen i ports and industrial coastal areas ]
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Prioritization of R&I challenges for the development of hydrogen and
hydrogen carriers-related activities and infrastructure in port areas

“ In the vicinity of the port In the wider setting of the port area

Import terminals of hydrogen in EU ‘ el [ e e S Deep sea transport of hydrogen via ‘

ports @ tankers
Import terminals of hydrogen , Deep sea transport of hydrogen

carriers in EU ports Surface hydrogen storage solutions carriers via tankers
Bunkering of hydrogen and Surface hydrogen derivatives Hydrogen storage in underground
hydrogen derivatives storage solutions geological formations

@, Use of hydrogen and hydrogen- ‘ Conversion of imported hydrogen .
° based fuels in the maritime sector carriers into hydrogen

Use of hydrogen and hydrogen Eb Multimodal land-based hydrogen
carriers in cold ironing refueling stations

Use of hydrogen and hydrogen Transport of hydrogen and

carriers in port equipment derivatives from ports to users

Prioritization of challenges:

High Medium Low
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Prioritization of safety challenges for the development of hydrogen and
hydrogen carriers-related activities and infrastructure in port areas

m In the vicinity of the port In the wider setting of the port area

®
@
@
®
@

Import terminals of hydrogen and
hydrogen carriers in EU ports

Bunkering of hydrogen and
hydrogen derivatives

Use of hydrogen and hydrogen-
based fuels in the maritime sector

Use of hydrogen and hydrogen
carriers in cold ironing

Use of hydrogen and hydrogen
carriers in port equipment

Deloitte.

@O0000C

Renewable hydrogen production

Surface hydrogen and derivatives
storage solutions

Conversion of imported hydrogen
carriers into hydrogen

Multimodal land-based hydrogen
refueling stations

Transport of hydrogen and
derivatives from ports to users

Prioritization of challenges:

High Medium Low

® O
e

Deep sea transport of hydrogen
and hydrogen carriers via tankers

Hydrogen storage in underground
geological formations
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Prioritization non-technical challenges (policy, regulatory, governance,
strategic) for the development of hydrogen and hydrogen carriers-related
activities and infrastructure in port areas

Governance of hydrogen and hydrogen carrier-related activities and infrastructure in port areas ‘
m In the vicinity of the port In the wider setting of the port area
Import termin_als qf hydrogen and ‘ Renewable hydrogen production ‘ Deep sea transport of hydrogen
hydrogen carriers in EU ports and hydrogen carriers via tankers
Bunkering of hydrogen and ‘ Surface hydrogen and derivatives Hydrogen storage in underground

hydrogen derivatives storage solutions geological formations
Use of hydrogen and hydrogen- ‘ Conversion of imported hydrogen
based fuels in the maritime sector carriers into hydrogen

Use of hydrogen and hydrogen
carriers in cold ironing

Multimodal land-based hydrogen
refueling stations

Use of hydrogen and hydrogen
carriers in port equipment

Transport of hydrogen and
derivatives from ports to users

O0008
@O0OC

Prioritization of challenges:

High Medium Low
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Key recommendations to port authorities and other port stakeholders

Step 1: Assess and formulate a strategy Step 2: Engage with stakeholders Step 3: Invest and incentivize
Assess the societal relevance and Engage with the competent e (Co-)invest in specific flagship
the techno-economic rationale e regulatory authorities demonstration projects

Acquire a comprehensive Build partnerships between the Incentivize relevant port-
e understanding of the power and ‘ e port authority, key other relevant ‘ related stakeholders to timely
interest of all stakeholders port-related stakeholders and 9 develop and/or operate
neighboring connecting ports. hydrogen (carrier)-related
activities and infrastructure.
e Set up a multi-stakeholder hydrogen
working group (Assist national governments in
e establishing strong and resilient
strategic partnerships with
Develop a clear roadmap with key exporting countries)
e milestones, conditions and
organizational structure

Clean Hydrogen I 'tt
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Key recommendations to EU Member States (national governments)

Providing the enabling environment _ _ .
Define an appropriate policy and regulatory framework for the

design and operation of hydrogen and hydrogen carriers

infrastructures in port areas.
Specify the role of ports in the national H2 strategy
0 (including short-, medium- and long-term timelines, quantitative

milestones, required infrastructure and investment needs). @ Address the growing concern over the lack of availability of

freshwater supplies needed by electrolysis facilities.

Work towards the development of integrated cross-border
9 hydrogen valleys involving several maritime and inland

ports. Investing and incentivizing
e Mitigate the risk of delays in developing infrastructures due to a Maximize support for EU companies in the design,
potential lack of social and public acceptance. €@ construction and retrofitting of zero-emission ships, hydrogen and

hydrogen carrier tankers and associated maritime equipment.

Mandate that all under construction or planned LNG terminals
e and large-scale storage tanks are designed considering Allocate public funding to pioneers in the EU port areas that are
later conversion to LH2 or hydrogen carriers (e.g., ammonia). 02} launching investments in R&I and also in market-ready
projects at all steps of the hydrogen value chain in a port
environment.

-
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Key recommendations to the institutions of the European Union

Providing the enabling environment

Encourage the IMO to adapt existing and develop regulations
and technical and safety standards for

+ the sea-based transportation of hydrogen;
« import terminals of hydrogen and LOHC;
« the bunkering of hydrogen and hydrogen-based fuels;

« the utilization of hydrogen and hydrogen-based fuels in deep-
see and short-sea applications.

Encourage the ISO to adapt existing and develop new
standards and protocols (e.g., on LNG to liquified hydrogen and
compressed/refrigerated ammonia; vehicle on-board hydrogen
storage, tank characteristics, port equipment vehicles, etc.).

Work with the relevant regulatory and standardization
authorities (e.g.,, CCNR and CESNI & CEN and CENELEC) to
develop harmonized EU-wide regulations, clear guidelines to
Member States on administrative practices and permitting
procedures, as well as technical and safety standards.

i:’::;i_.Pan‘trn@rshﬁp e BgeIOitte

Support the development of testing and certification
protocols for various processes and activities involving hydrogen

Investing and incentivizing

Maximize support for EU companies in the design,
construction and retrofitting of zero-emission ships, hydrogen and
hydrogen carrier tankers and associated maritime equipment.

Complementary to national funding programs, allocate public
funding to R&I and market-ready projects aiming at
demonstrating or decreasing the cost of import, production,
storage, conversion, refueling and end-use of hydrogen (carriers)
in a port environment.

Support in clarifying whether (and if so, under what specific
conditions) it is technically and economically feasible to convert
existing LNG terminals into LH2, ammonia and LOHC
terminals.
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Next steps and Q&A

© 2023
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Framework for the study

Project timeline
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1 Project start: Project end:
: Nov 2021 Nov 2023
P s At O

: Advisory

| Board

1 Meetings

| Feb 2022
e H R e ...

|

1 Ports

I Network Q@I

: event

|

R H - i Sl i A e .. e

I

| vz = vz

1 Reports 7= = =
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: Report 1: Report_z: Report 3:

I Hydrogen Recommendations on the Case studies, and

| demand and areas of priority for R&I release of the final

1 supply, and projects, safety regulations, study and associated

! business models codes and standards and data pack

1 non-technical enablers

|
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Next steps and Q&A
Questions

Registration link to last European
Hydrogen Ports Network event,
21 November 2023 in Brussels

Access our reports
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Next steps and Q&A
Contact us

© 2023 - Deloitte Belgium

Eline Brugman

Partner, Deloitte Belgium

ebrugman@deloitte.com

Stijn Vercammen

Senior Manager, Deloitte Belgium

svercammen@deloitte.com
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