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INTRODUCTION

The purpose of this report is to complete a multi-criteria stakeholders’ analysis in the context of the
sHYpS project’s innovation landscape. Within this scope, a mixed network of innovative companies,
investors, financiers, and public institutions is explored, therefore defining a proxy of the project’s
related ecosystem. Literature’s definition to analyse different types of ecosystems are diverse and
based on different sets of criteria: elaborating on some of them, such as (1), it is possible to
extrapolate the following definition, which suits this work:

Innovation ecosystems are here considered as th
pursue business, technology, and innovation deve
similar fiel

In contrast to many ecosystems’ definitions, it should be noted that the ones analysed in this work
are not necessarily locally connected, while networks are established by looking for R&D&I
collaborations and topics. On top of that, an intelligence work is carried out to connect the dots and
investigate their activities.

The overarching scope is supporting the sHYpS project to establish a functional knowledge of
emerging opportunities and competing solutions, helping the development of targeted engagement
and outreach strategies.

1 AIM, APPROACH AND CONTENT OF THE REPORT

1.1 AIM OF THE REPORT AND APPROACH

The stakeholders’ analysis included in this work is intended to be a tool to support:

i) project’s dissemination - to customise and target the messages that the sHYpS consortium
will cast to each specific group of players involved in the project’s fields of interest, to ensure
project’s acceptance and uptake of its innovations, and get reactions and relevant feedbacks
thereof.

i) project’s exploitation - identifying each specific group of players involved in the market
sectors targeted by the project, and spot potential competitors or partners for future RD&lI
activities or business ventures.

To this aim, the stakeholder characteristics and motives have been analysed, to develop a provide
an overview of the relevant players in and outside EU, with which the consortium could potentially
build synergies. To support the EC’s new directives, a gender mapping has been also developed.

The work in this deliverable is also the first step in the context of WP8, paving the way to the D&C&E
tasks during the project. A concept workflow is shown in the next Figure 1-1.

Ciaotech srl - WP No.8 Deliverable No.D8.1 Page 5 of 37
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Ecosystem Mapping Dissemination And

(D8.1) Communication Plan

* Key-players (D8.2/D8.4)

* Key initiatives Tailored Communication
Targeted Audience

IPR and Exploitation
(D8.3/ D8.6)
« Stakeholders Engagement

» Market Outreach
« Scale-up

Figure 1-1: Approach to D&C&E through different deliverables

1.1.2 General methodology outline

The first step has been assessing the framework of the project, based on its KERs (Key
Exploitable Results) map, as preliminary established at proposal stage. A PESTLE analysis has
been then performed to identify the sHYpS value chain and the main keywords representing the
project domain and consortium interests, which have then been validated with some of the project’s
partners.

DATA INTELLIGENCE STRATEGY
@ Q @
Scope : Keywords and Corpus of relevant Finance, R&D, C&l, IP Overview of Defined Stakeholder
Taxonomy, frameowork data available Stakeholders type and Network, key-players,
definition and analysed activity competitors
in the Value Chain
A A
. |
STEP 1 STEP 2 STEP 3 STEP 4 STEP §

Figure 1-2: methodology concept

Based on the established framework, the core activity has been carried out by a thorough desktop
analysis by PNO’s analysts and consultants. Multiple databases have been used to tap into
public as well as not public data. Such data represent a unique combination of information — an
innovation scoreboard — which have been then collected and elaborated according to PNO’s
methodologies, to present networks and innovation maps.

Special attention has been specifically paid to the production, logistics and use in maritime
projects of liquid hydrogen. Besides, it was decided to retain any possible information about
R&D&lI initiatives focussing on risk-based assessment.

Ciaotech srl - WP No.8 Deliverable No.D8.1 Page 6 of 37
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The key stakeholders include potential investors and funding agencies, as well as other stakeholders
related to sHYpS. Further, organisations (both research centres and industries) active in
transnational RD&I projects and publishing patents in the project domains have been investigated,
to identify the high-level innovation trends in the targeted sectors.

1.2 CONTENT OF THE REPORT
This report includes 4 chapters, whose content is anticipated in the following:

e Chapter 2-a PESTLE analysis has been developed, to position sHYpS in the context of the
market, regulatory and technical challenges related to the usage of liquid hydrogen as a fuel.

e Chapter 3 — the sHYpS innovation ecosystem is described, starting from its value-chain’s
definition and building on R&D&I projects, mature private C&l initiatives, IP registrations and
finance (private as well as public). Topics, maturity and general trends are elaborated,
including a gender perspective.

e Chapter 4 - key players (in and outside the EU) mapping and insights, with a view of feeding
the D&C&E strategy and planning in the following of the sHYpS project

2 SHYPS CHALLENGES AND BACKGROUND - A PESTLE ANALYSIS

2.1 PoLIcY BACKGROUND AND ENVIRONMENTAL TARGETS FOR THE MARITIME INDUSTRY

The policy strategies related to sHYpS are pushed by global climate challenges and the fight against
pollution. Therefore, sHYpS will respond to key directives from EC, IMO and the pioneering
deadlines in Norway to protect fjords from air pollution and fulfil pollutants removal requirements in
ports. The project can contribute to the evolution of the environmental legislation/directives and
meeting their targets.

On the road to meet challenging climate targets for 2030 and 2050, the shipping sector’s
contribution is of uttermost importance and faces great challenges ahead. Based on the European
Green Deal, all emissions from EU transport needs to be reduced by 90 % by 2050. In this regard,
from January 2018, large ships over 5,000 gross tonnage cargo or passengers at ports in the
European Economic Area (EEA) need to report their CO2 emissions. As a result, from 2019, ships
calling into EEA ports have to report under both the EU Monitoring and Reporting Verification
Regulation (MRV?) and the IMO Data Collection System. Each year IMO shall produce an annual
summary report to the IMO Marine Environment Protection Committee, while the Commission
publishes a report to inform the public about the CO; emissions and energy efficiency information of
the monitored fleet.

On the other hand, regulations concerning air pollution are not targeted by IMO yet, however,
the port communities are increasingly addressing this issue. Norway, as already anticipated, is
introducing a local air pollution regulation to protect the UNESCO world heritage fjords. It is foreseen
that within a few years, this kind of legislation will be implemented in other European countries too.

1 Monitoring and Reporting Verification Regulation - here

Ciaotech srl - WP No.8 Deliverable No.D8.1 Page 7 of 37
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To sustain the change, in 2021, the EU has adopted a series of synergic legislative proposals,
which include extending the Emissions Trading Scheme (ETS) to the shipping sector for
vessels larger than 5,000 gross tonnage and calling at EU ports, boosting their use of renewable
fuels and setting mandatory targets supporting an alternative fuel/energy infrastructure?. In the
enlarged EU continental spectrum, Norway, has decided to push even further, by introducing zero
emission requirements for cruise ships by no later than 2030.

For the EC, 2021 has also been the year introducing a H2 Strategy for a climate-neutral
Europe?® to support decarbonizing various sectors including the maritime industry. In addition,
the Commission will continue supporting research and innovation towards the decarbonisation of
maritime transport, also through Horizon Europe (with a focus on the Clean Hydrogen JTI and Zero
Emission Waterborne Transport platform (ZEWT)) and the Innovation Fund funding instruments.

This strategy, alongside continuing to push for global action at the International Maritime
Organization (IMO)*, is supposed to accelerate the use of H2 as an alternative fuel in Europe. The
hydrogen push, however, is global. For instance, Japan and Australia are pushing forward to build a
H2 economy and aim at H2 as a key source of power. Several companies, industrial clusters, and
financial associations are therefore starting to invest in the H2 market. Some global
companies have launched their net zero emission strategy through the application of
hydrogen (H2) on board.

2.2 HYDROGEN ECONOMY AND MARKET

The sHYpS’ solution can effectively support the development of a hydrogen economy and bring
new knowledge, jobs, and capitals in EU.

Europe’s economy is experiencing a major shock. The rising price of oil & gas has been severely
affecting the global economy and increasing energy prices. As of May of 2022, Europe's Inflation
rate was recorded as 8.8%, which is higher than the prior peak in 2008 (4.4%) (2). This economic
condition calls for an urgent action to end the dependence on fossil fuels and support the usage of
clean energies in various sectors.

Besides, as implication of the Ukraine war, Europe is finally convinced to reduce its energy
import (3). Itis very likely that in the mid-term the war will accelerate the clean energy transition and
adoption of alternative fuels. As a result, hydrogen momentum is expected to increase, with
more financiers possibly engaged in the H2 market. This assumption seems to be confirmed in
Chapter 3 of this report.

2 Reducing Emission from the Shipping Sector — European Commission, here

3 H2 Strategy for a climate-neutral Europe - COM(2020) 301 final

4 The International Maritime Organization (IMO) set a target to reduce the average carbon dioxide (CO2) emissions by at
least 40% within 2030, and 70% by 2050 compared to the 2008 level (12).

Ciaotech srl - WP No.8 Deliverable No.D8.1 Page 8 of 37
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Revenues And Employment In The Hydrogen Economy, 2030 (Hydrogen Roadmap Europe)

The demand for clean energy

The market size of the
global green H2 was US$
445 million in 2021 and is
projected to increase to US$
4,377 million by 2027. This
portrays that the green H2
market is expected to grow
atthe Compound Annual
Growth Rate (CAGR) of
58.1% in 2022-2027 (7).

The maritime industry can
make no exception and all
the actors involved in the
maritime value chain will
need to take corporate
responsibility and expedite
towards a green transition,
not to risk that its profits

can be affected. sHYpS
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Blue - planned

Electrolyser - planned

PNO elaboration from (13)

Sweden

and a climate neutral economy has kept rising (4) (5) (6).

N
N

Portugal
Poland

can support the industry, by establishing a green brand image opportunity and business case. As a
matter of facts, the containerized 1SO container developed by the project will provide an opportunity
for a broad application of LH2, in maritime as well as other industries, such as pharma, chemical,
and food. On the other hand, the project can contribute to scale up the logistic value-chain.
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Cost comparison of the green H2 transportation scenarios between Offshore Wind Farm He Dreiht and Nemo (8)

The main market barrier to green H2 is its relatively high cost (7). Currently, the production
cost of green H2 (ca. 4.65€/kg) is three times higher than that of grey H2 (ca. 1.4€/kg). Green
H2 is still significantly more expensive than blue H2, and the key variables defining its price are the
electrolysers costs as well as the renewable energy costs and availability. On the other hand,
logistics and transport affect costs as well, and they are an important barrier to the application of H2
in the maritime industry: LH2/CH2 transport cost is relatively expensive due to the absence of
a structured value chain, their transport can take place via pipelines, ships, trucks, and trains.
Currently, the lowest H2 transport cost examples are registered when pipelines are used, taking
LCOH (Levelized Cost of Hydrogen) between 6.81€/kg to 7.31 €/kg. These numbers can vary
depending on distance, infrastructure, and logistics (Figure 2-3).

However, green hydrogen projects are the majority in the current pipeline in EU (Figure 2-2):
the situation is foreseen to change within 3 decades, depending on technology, finance, and
economy of scale through significant demonstrations as well as the increase in carbon taxes, likely
pushing to invest in this market.

2.3 TECHNOLOGY. PRACTICAL AND REGULATORY ASPECTS

The technical, logistics and legal aspects necessary to use hydrogen on board are still immature,
hindering investments. sHYpS can set the standard for future handling and transport of LH2 in
containerized tanks, since it will study all aspects of the design with no compromise on safety and
reliability, defining a full logistics value-chain.

From a technological standpoint, the application of LH2 onboard is challenging due to several
reasons.
e hydrogen is liquid at very low temperatures, -253 °C.
e it has a large volumetric expansion when passing to the gas state (ratio of gas/liquid
volume is about 850).
e hydrogen is explosive in a wide interval of concentrations (4.7-75%), while this interval
for fossil fuel is 1-6%, and for LNG is 5%-15%.
e LH2 leakages can damage the hull of the ships. When LH2 spills, a fast cooling of the deck
surface occurs, due to evaporation of the liquid in the ambient, rendering the surface brittle.
In addition, the vapor clouds formed with evaporation are perilous for humans.
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e Finally, the effect of ships motion on LH2 container is another challenge for its use
onboard®.

There are no IACS®-approved rules or safety guidelines for the Hydrogen installation onboard.
Due to these immature aspects, many financiers are still hesitant to invest in hydrogen projects in
the shipping industry.

According to IMO: Draft interim guidelines aimed at providing international standard provisions for
ships using fuel cell power installations have been agreed by IMO's Sub-Committee on Carriage of
Cargoes and Containers (CCC 7). The draft interim guidelines cover issues including fire systems
and gas/vapour detection. The guidelines are intended to ensure the safe and reliable delivery of
electrical and/or thermal energy through the use of fuel cell technology. The development of these
interim guidelines for safety of ships using fuel cells is part of the important work being carried out
by the Sub-Committee in the context of shipping's need for new fuels and propulsion systems to
meet decarbonisation ambitions set out in the Initial IMO GHG Strateqy.

On the other hand, one of the main challenges is the lack of an established supply chain. The
project will provide evidence that the upscaling of the solution is achievable by 2025, if supply is in
place. Thanks to sHYps, different stakeholders (designers, transportation companies, regulatory
bodies, port authorities, port operators, vessel operators, and especially crews) will gain the
experience and confidence necessary to deal with hydrogen during its transport and use onboard.
Establishing logistics and supply is a key target for the project exploitation.

To address these issues sHYps will also study the correct choice of construction materials and design a container that can
withstand the effects of ship motions.
6 International Association of Classification Societies
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3 SHYPS INNOVATION ECOSYSTEM

This chapter aims at describing and mapping the ecosystem of actors that is currently engaged in
the challenges of the sector and concurring to their solution. The project value-chain has been
modelled below as a basis to define the ecosystem’s actors. The sections of the chain covered by
the partners are highlighted in greenish.

FEEDSTOCK LH2 PRODUCTION & LH2 Ll LI END USE
PRODUCTION DESIGN LOGISTICS SHIPBUILDING
GREEN HYDROGEN
.- ) I I N I MARITIME END USERS
- m LH, TRANSPORT PORT SHIP DESIGN )
i | = -
RES + ELECTROLYSIS L SHIPBUILDING & —
T
- SHIPYARD =]
BLUE HYDROGEN -3
o C,.\-) LIQUEFACTION PLANT n ‘
<o) - ¥ ELECTRICAL SYSTEMS
Ha @l @ (SHIP OWNERS,
LU I l!i &y DEVELOPMENT SHIP MANAGEMENT COMPANIES)
SMR/AMR + CCS STORAGE DISTRIBUTION @
s, - Q SYSTEM INTEGRATION OTHER APPLICATIONS
A&MONIA o {Pharma, Chemical, Food)
Iy
'_Eg @ TESTING AND SIMULATION
i = MANUFACTURER PRODUCER

E? STANDARDIZATION AND CLASSIFICATION COMPANIES

m REGULATORS AND POLICY MAKERS

.g INVESTMENT AND FINANCE

CLUSTERS & ASSOCIATIONS

w! OTHER (CONSULTANCY, INSURANCE COMPANIES, ETC.)

sHYpS value-chain model

3.1 THE FINANCIAL PERSPECTIVE

Hydrogen financing is an increasing trend, and this statement applies to both private and public
funding. This report has investigated both dimensions.

Deals Search Funnel
Step -#Companiesﬂnvastots

8 O 9 8 High-level hydrogen landscape 8.098 3.923 5.392
X plolowa

Production, storage and
distribution of hydrogen
and its application in
transportation

3.997 1.699 2.922

Hydrogen storage and
distribution and its application 1.538 568 1.308
in maritime transportation

Focus on liquid hydrogen,
hydrogen as a fuel and hydrogen

o 4
v

. 600 199 627
energy storage systems in
maritime transportation industry
Refining 258 73 308

Private investment analysis’ key results (deals, companies, investors)

We have analysed the investments trends looking at deals from VC to IPO and M&As (Figure
3-2). The first level of investigation focussed on a bird’s view over the hydrogen field. It shows that
in the last 10 years there have been more than 8.000 traceable deals, equal to ca. 300 billion euros.
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With the following steps in our analysis, we have gone deeper, up to highlighting that the specific
use of hydrogen and liquid hydrogen as fuel in maritime transportation, together with H2/LH2 storage
systems has led to almost 1.200 deals for investments of about 30 billion euros in the last 10 years.
In the final close-up we have further restricted the field, involving only companies and deals related
the maritime application, H2 and LH2 supply chain and LH2 containment systems. According to our
analysis, the application of the technologies related the use of hydrogen and liquid hydrogen
as alternative fuels in the maritime sector has led to investments of almost 20€ billion in the
last 10 years, with about 530 deals in our radar (Figure 3-3).

The general trend highlights predominant VCs funding rounds, which indicates early
financing and thus a “young”, growing sector. On the other hand, strategic M&As and PE are
visible. The investments have peaked in 2021, probably also due to a re-start after the pandemic
(Figure 3-4), on top of the immediate follow-up of the Paris Agreement.
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Relevant players identified looking into private investments

A general overview of the key players emerging from this analysis is summarised by Figure
3-5. The final iteration has identified 73 relevant companies and 308 private and institutional
Ciaotech srl - WP No.8
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investors. The footprint is global, involving US, Korean and Chinese companies that are developing
business and investing. The picture divides different organisations by expertise and highlights the
total raised funding. A focussed description of different the Emerging Players, including acquirers (of
other companies), investors and top companies in terms of capital raised is reported in Chapter 4.

Public funding includes a series of policy measures (grants, incentives) that are compliant to the
policy background described in Section 2.1. In this paragraph, the focus goes on public money to
fund hydrogen-related projects.

All in all, we tracked more than 100 M€ funding since 2016, provided to R&D&l in the sHYpS
domain by EU, Norway, Germany, Italy, The Netherlands and other Nordic countries.

NETHERLANDS 16 £0.000000€
UNITED 36.978.933€ 14

KINEDow i 20.012.816€ a 35.000.000€
EUROPE 12 30.0 00€

=S 00

10 18.436.840¢€ 25.000.000€

§ cariee 11.236.756 € B
L. 4D02457¢ 1022975{ )
GERMANY 4 3 .
2% . - 2 -
NORWAY ITALY - . i “‘ 5.00
49% 29 ) .

NORDIC 2016 2017 2019 2020 202 2022
COUNTRIES
5%

mum Nr. Of Projects Sum of Project funding

public funding from R&D&I programmes in EU addressing sHYpS thematical areas

As a matter of facts, hydrogen-related funding supports production (green), logistics, grid networks,
and new technology developments. These aspects are addressed by different programs at EU and
national levels. sHYpS will monitor and clarify these funding opportunities to support the
establishment of a supply-chain. In the following, an introductory scheme is reported, that will be the
base for a detailed analysis in the next months ( ). They include Horizon Europe (the large
R&D programme that also funded sHYpS), LIFE (the European programme for environment), CEF
(Connecting Europe Facilities), Innovation Fund, PCIs (Project of Common Interest) and IPCEI
(Important Project of Common European Interest)

All in all, the landscape and quantity of funding is growing, since new programmes are
massively addressing hydrogen. For example, since the creation of the Innovation Fund (2020),
the first 2 rounds of funding have delivered almost 3 billion Euros only considering the 24 large scale
approved projects (small scale projects have been financed too on a separate call). Hydrogen is
involved primarily in terms of production (with funding per project in the order of hundreds million) in
the large-scale projects, as well as in some maritime applications with smaller budgets in the order
of 10 million for small scale projects. Notably, electrolysers have been included as a separated
category of the European PCI (Projects of Common interest), whose lists allow to access to CEF
Energy funding (Connecting Europe Facility). The RePowerEU plan will also reinforce these
contributions.
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3.2 THE TECHNOLOGY AND INNOVATION ARENA

As explained in Chapter 2, the innovation and business focus of sHYpS concerns production,
logistics and use in maritime projects of liquid hydrogen, including risk-based assessment.
Therefore, we retained these

areas of interest in our 60
analysis in the first place, but St cof 2020
also considered H2

Electricity price
USD 65/MWh

production and supply to spot
possible hubs for production
which can be interesting for
logistics.

Electricity price
USD 20/MwWh

ctrolyser costin 2020:

usp

| Electrolyser cost in 2050:
USD 307/kW @ 1 TW Installed capacity

3.0 |Electrolyser cost in 2020: octralvear o
1000/kW 1SD 130/kW @& stalled ¢

20

Hydrogen cost (USD/kg H,)

} } Fossil fuel range

As a matter of facts, there is
a vast pipeline of green
hydrogen projects expected
in the next years, which is 0

supposed to progressively e e e e

integrate and then replace Hydrogen costs overview, parametrised by electrolysers cost (source IEA (14))
the current majority of blue

hydrogen production (Figure 2-2). The RePowerEU programme has set a target of 10 million tonnes

of domestic renewable hydrogen production and 10 million tonnes of imports by 2030. The main
techno-economic barriers for this are the cost and abundance of renewable energy, as well as the
costs of electrolysers. While the latter one is a technology issue, the former also depends on
geography, with countries like the Netherlands and Sweden at the first places for low prices (9).

Electrolyser cost in 2050:
| USD 307/kW @ 1 TW Installed capacity

Electrolyser cost in 2020: |
USD 650/kW

1.0 Electrolyser cost in 2050:
USD 130/kW @ S TW installed capacity
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Therefore, on the one hand, we have looked into emerging technology developments (R&D&I)
and on the other hand into current — privately financed — C&I projects, exploring the complete
spectrum of maturity.

The selected projects have been mapped and categorized based on the type of feedstock
(compressed hydrogen, ammonia or liquid hydrogen) and on the main objective in relation to sHYpS.

R&D&I projects objectives C&l projects objectives

e Logistics and transportation - If the e Production and Supply (no maritime sector
selected project involves the optimization specified) - If the selected project focuses on the
of supply chain via innovative bunkering, production and/or supply without mentioning the
storage and distribution solutions for the application in maritime transport (to understand where
maritime sector; possible distribution hubs are emerging);

e Technology development - If the e Maritime transport application - If the selected
selected project is focused on the project is focused on the production and / or
development of fuel cells and distribution of hydrogen or LH2 for maritime transport;
containment systems for the storage and e On-board technology development (fuel cell,
use of LH2/hydrogen/ammonia for propulsion system, etc.) - If the selected projects is
maritime sector; focused on the development of fuel cells, propulsion or

e On-board containment + propulsion containment systems for the usage of
system - If the selected project provides LH2/hydrogen/ammonia in maritime sector;
the entire integrated system for on-board e Vessel on-board integration - If the selected project
storing and using LH2/hydrogen/ammonia provides the on-board vessel demonstration of the use
for vessel propulsion. of LH2/hydrogen/ammonia.

3.2.1.1 Used Databases

We have started data collection from the original benchmark provided by partners at proposal stage
and we have then considered PNO’s intelligence tools and four additional public databases:
NOW GmbH, the National Organisation Hydrogen and Fuel Cell Technology, which has mapped the
German-funded projects in the field of hydrogen and fuel cells; EntsoG, (European Network of
Transmission System Operators for Gas) that launched a hydrogen projects platform; Innovation
Fund, the funding programmes for the large scale demonstration of innovative low-carbon
technologies, managed by the EC and NextGEN, the IMO's platform mapping all the projects aiming
to decarbonise the maritime transportation.

We have opted to retain all the projects related the use or potential use of hydrogen in maritime
transportation and those related to the storage and distribution of liquid hydrogen. The only exception
is represented by the projects from Innovation Fund, from which we also retained the ones with the
main aim of establishing a hydrogen hub / distribution centre.
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3.2.1.2 C&l projects map

A total of 64 C&I projects were selected, leading to 172 different potential stakeholders, most
of which are large companies (90) and SMEs (51).

By geography, 35 stakeholders are from Germany, 18 from the Netherlands, 17 from the United
States and 15 from Norway and Japan (Figure 3-10).
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C&l projects concept map

By type, as expected, C&I projects are dominated by the private sector, with large corporates
and SMEs being a prominent share. We found evidence that, out of the 172 emerged stakeholders
66 are also project developers /investors / financiers, followed by feedstock producers (36)
and end-users (30). The represented value-chain (Figure 3-11) is thus concentrated on the
construction side and the provision of supply. The project finance is mostly consolidated by the large
corporates involved, but banks are also explicitly presented among projects promoters. The most
active players are presented with details in Chapter 4, but a snapshot is visible in Figure 3-11,
where they are shown with respect to the number of relevant projects in which they appeared.

it
3 2 18
5
15
a
7 3
s zy
4 - palka
Vs
Py 1
2
s . g 7
1
1 . 1

C&l projects stakeholders’ geography
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Figure 3-11: C&l projects stakeholders’ classification by value-chain positioning (left) and organisation type, including top promoters

3.2.1.3 R&D&I projects map

(right)

40 relevant public funded projects were finally selected’, all started after 2016, showing a

sharp growth trend from 2019 (

). 19 of these are funded by Norway with around 31 Million €, while 12 belong to various programmes
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739 +1, considering the project NH3CRAFT, funded on the same call as SHYpS. Information about this project was not available
at the time the data were analysed. So, even if included in the map, it is not included in the statistics. The numbers also don’t

consider sHYpS.
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Based on their belonging to the sHYpS value-chain, 146 different stakeholders (corresponding
to ca. 270 project participations) were identified, of which 56 are SMEs, 41 large companies,

15 RTOs and 11 universities.

By geography, 60 of these come from Norway, followed by the UK with 27 and Germany with 11

organisations.
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The 146 stakeholders that have been identified represent the entire value-chain, differently from the
C&l case. Projects partners and promoters include many more technology developers, class
societies and TICs, ports, and R&D institutions. Associations, public bodies and
infrastructure management companies are also included. From the technology standpoint, the
expertise includes storage equipment manufacturers, electrical systems developers, shipyards and
end-users. It should also be noted that different stakeholders can have different roles for each
participation, therefore 30 participations include a role also supporting further investments/scale-up.
For example, players like AirLiquide stand out, which can integrate a strong vertical value-chain from
hydrogen production to project development and finance. All in all, there is a high end-users’
participation, highlighting a large interest and possibly a fast development to market stage and real
applications. More details are presented in Chapter 4.
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To complete the innovation & technology mapping and benchmarking, a patent analysis has
been carried out to integrate the projects investigation. Consistently, the focus of the intelligence
was on the application of LH2 as alternative fuel in the maritime sector and the LH2 storage systems
for maritime applications.

The investigation was carried on through PNO’s specific intelligence tools, on a database of tens of
millions of patents from a global portfolio. The queries funnel was very steep, starting from 44k
documents, which were then limited to ca. 600, by refining the keywords, retaining publications dates
from 2012, and identifying a set of relevant CPCs as shown in Table 1.

relevant CPC for the sHYpS case
List of relevant CPC

CPC Description

B63 SHIPS OR OTHER WATERBONER VESSELS; RELATED EQUIPMENT

F17 STORING OR DISTRIBUTING GASES OR LIQUIDS

F25J LIQUEFACTION, SOLIDIFICATION OR SEPARATION OF GASES OR GASEUS

HO1M BASIC ELECTRIC ELEMENTS: PROCESSES OR MEANS (E.G. BATTERIES OR FUEL CELLS)

TECHNOLOGIES OR APPLICATIONS FOR MITIGATION OR ADAPTATION AGAINST CLIMATE
CHANGE

YO02T CLIMATE CHANGE MITIGATION TECHNOLOGIES RELATED TO TRANSPORTATION

YO2E

A total number of 14 top-relevant patents has been eventually shortlisted, most of which have as
their objective the storage or distribution of gases or liquids, the development of fuel cells and their
application in the naval sector. From the selected patents, 11 top applicants have emerged.
They are mostly (7 out of 11) large-size companies. 3 are from South Korea and 2 from Japan
(see Figure 3-15). More details are reported in Chapter 4.
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3.3 GENDER PERSPECTIVE

According to IEA, women'’s participation in the energy sector is below that of the
broader economy and varies widely across energy sub-sectors. In this report, a
gender analysis was carried out to complete the characterization of the
sHYpS ecosystem which confirms this underrepresentation, with only few
exceptions.

A sample of 40 organisations (whose selection is explained in the next chapter) was
considered, which was made of 25 large enterprises and 8 SMEs (incusing a start-
up), the rest being research organisations.
Both for SMEs and research TOTAL WOMEN AS
centres, we looked for the —orieiiceares O
gender profiles of the project -
managers and/or inventors of
the analysed patents. These
were completed by looking at

the top management figures

= TOTAL MEN IN
THE
PROJECTS

= TOTAL WOMEN
IN THE
PROJECTS

TOTALMEN IN THE

(for SMEs) or at the ROETTE et
administration and nETeRs
management charts, together el
with the decision-makers of the 707, wouen vree e
interesting departments when 2%

available (for research Gender balance in the R&D&l activities analysed for 40 sHYpS stakeholders
centres).

Looking at the R&D&I level - we counted 53 males and 25 females as referents of the funded
projects. This numbers drop when we considered patents, where females are 1 against 23 males.

Looking at the management level — as far as the 8 SMEs are concerned, our review showed that
in there is an average of 83% male presence at managerial level compared to 17% female presence.
Among those present, the only one to have a female CEO is the French PERS-EE. On the 7research
centre’s side, the administration and management charts, together with the decision-makers of the
interesting departments, showed an average of 54% male presence compared to 46% female
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presence. In particular, NTNU and VTT are the only ones to have a greater female than male
presence.

o

9
8
7
6
5
4
3
2
1
0

SINTEF AS NTNU NCE MARITIME PUSAN VTTOY UNIVERSITY OF UNIVERSITY

CLEANTECH NATIONAL STRATHCLYDE TRIESTE

%M m%F UNIVERSITY

mMALE mFEMALE

Fligure 3-17: Gender Distribution in the TOP R&D Organisations at Administration and Management Level

13%

2

0
GEXCON AS PERS-EE HYON AS LMG MARIN POWERCELL HYLIUM BOUNDARY  NAVALPROGETT
87% SWEDEN AB INDUSTRIES LAYER
TECHNOLOGIES
%M m%F BMALE WFEMALE

Flgure 3-18: Gender Distribution of the TOP Small and Medium Size Companies at Management Level

In order to study the gender balance of the large industries in our sample, we directly considered
the gender equality information inside their company reports, where diversity and inclusion are
discussed. We have then looked at both the men/women ratio in terms of total employees and in
terms of management.

The analysis has shown a clear prevalence of men both in terms of total employees and
managerial figures, with the only exceptions of Lloyd's which has a ratio of men to women of 57/43
in terms of total employees and Norled AS who has 55/45 in terms of managerial figures.
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Flgure 3-19: Gender Distribution of the Most Relevant Large Companies in both Overall Employeement and Management Areas
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sHYpS

4 KEY STAKEHOLDERS
4.1 OVERVIEW AND INSIGHTS

All'in all, almost 300 unique stakeholders were identified as described in the previous

chapter. A value-chain representation of a significant part of them is reported in Figure 4-1

FEEDSTOCK LH2 PRODUCTION & SHIP DESIGN & END USE
PRODUCTION DESIGN LOGISTICS SHIPBUILDING
@ AirLiquid LIQUEFACTION PLANT | ‘ LH2 TRANSPORT ‘
irLiquide a® @ sINTEF Strathclyde -
RWE p RWE eNGie |l o 1 4 i $£?;ﬁ i%‘ T X -M " B U
Ehall mﬂglm P ¥) a e WARTSILA Boundary Layer Technologies VIKING
SIEMENS o T Ry [ SHIPBUILDING & SHIPYARD |
cnercy @) vaeE OFllrqumde @Flir Liquide DSME B-&EKawasaki . SI':ENéE I3 NORLED
Shell m FINCANTIER] \N=STCON' Boundary Layer Technologies @w"hemse"
B saki MANUFACTL Shell C.J'mfe sélrg'grzg\? Gsinter ARB | 6 - CMB
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1 .
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i - it Sathdyde 3 s nTER <
) B<E Kawasaki r—_ H>ON _#§ @ ;@:_" vVTT ;
@ HY2GEN [+ LT L <& biTREsTE s portof, Pt Hembuy BNGIG  Boundary Laver Technologies ”'« B NTNU
STANDARDIZATION AND CLASSIFICATION COMPANIES T
REGULATORS AND POLICY MAKERS = ]
—
‘L_"’BW""""“‘*“ = Dnurumﬁe ﬁ?ﬂkc e mrmeald GN6|E wnaman O CMB nels & nvcex
INVESTMENT AND FINANCE : v shen erax ) ———
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CLUSTERS & ASSOCIATIONS fcnlgglrt"‘fggh (Gi 5}5&!:
OTHER {CONSULTANCY, INSURANCE COMPANIES, ETC.) GEXCON

: stakeholders’value-chain bird’'s view

Developing Hz projects

Hubs’ creation and Project Development - at a first glance one can note that there are significant
overlaps of companies in more roles, for

Shell

example: Shell, AirLiquide, Kawasaki, ; o .

Engie, Equinor, Siemens, ABB, Gasuine. i 4 4

These large O&G, Energy companies and -, R A
equipment manufacturers have in fact the 2

capacity to vertically integrate different ;

roles and are trying to build hydrogen @RWE 3 S'%Er%'\? — ABB 5

hubs, which includes project development

and prolect finance. top companies emerged from C&I projects

Shell was primarily identified in 6 C&I projects, as leading producer of hydrogen and liquid hydrogen,
with a division totally dedicated to marine application, which is dealing with various partners for the
transportation of LH2 in containment systems. RWE AG, H2 and LH2 producer that is investing in
numerous infrastructures to create real storage and distribution hubs, with 5 commercial projects.
Gasuine is doing the same in The Netherlands.
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On the ports’ side, the Port of Rotterdam (appearing in 1 C&I project) has been signing several
MoU with international partners to import hydrogen into Europe and to become a crucial hub (10).
Since 2017 these MoUs’ signatories include the Brazilian State (1 Mt/year), the Chilean Minister of
Energy (potentially unlocking 1.4 Mt/year by 2030) and the Western Australian government to
develop a common supply-chain. 3 projects in the state are possibly establishing a 4Mt/year supply.
In 2022, the Port signed a MoU with Chariot Energy Group to secure off-take contracts (0.7 Mt/year).
The overall supply potential is 6.7 Mt/year, but uncertainties can decrease this volume by 60 %

Developing technologies

Technology leadership and know-how - stepping into the equipment and ship design domains,
Kawasaki Heavy Industries and Ballard are leading manufacturers of fuel cells systems, both
appearing in 4 commercial projects. Kawasaki seems indeed to cover the entire supply chain of LH2
and shipbuilding and built the first LH2-propelled vessel: the Suiso Frontier. It is also emerged as
the company with more patents (82) in the sector corresponding to our search (liquid hydrogen and
maritime transportation), followed by Linde AG, market leader in the production and distribution of
liquid hydrogen and in the manufacturing of containment system of gases, owner of 34 patents.

All the top patent applicants and IP owner are reported in Figure 4-3. Most of them (6) have expertise
in the manufacturing of storage equipment, followed by liguid hydrogen producers (4). Among them
on can again find Air Liquide, worldwide leader in production and distribution of liquid hydrogen.
Besides, the group includes Daewoo Shipbuilding & Marine Engineering Company, one of the
biggest three South Korean shipbuilders, and Pusan University, which has a department
specialised in naval design: they own two out of 11 selected relevant patents each.

82
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Top applicants and patents owner in the domains od sHYpS (nr. of patents in the sector in blue, number of top-related patents
among the 11 retained in grey and turnover in green
R&D&I networks in public funded projects — Out of 270 participations related to 40 R&D&lI
projects, 14 are from the Norwegian RTO SINTEF Energy, which has consolidated expertise in
energy conversion technologies and is investigating optimal methods and processes for the
application of liguid hydrogen as an alternative fuel for maritime transport. SINTEF is followed by the
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Norwegian O&G Equinor, which has 7 participations and is heavily investing in the creation of a
liquid hydrogen supply chain also for its gas transport vessels. With 5 participations we then have
ABB, leading provider of electrical power distribution and automation for the marine industry, and
Gexcon AS, a world-leading company in the field of safety and risk management and advanced
dispersion, explosion, and fire modelling.

A network analysis of the selected funded projects has also been realised, to highlight the key nodes

among the most active organizations B powERceLL SWEDEN B  mmm—3
(represented by their respective logos in the ==3.“1ij’:§:::§;“:;$?$:: —
figure below). The core network is @B ORNNEY SLANDS COUNGIL s 3
highlighted in the central part of the figure, D s syl
where the most active organizations with the *® =iyl m—
most collaborations emerge. More precisely, & mwmon cwmronscamic e s o S
we can highlight four networks of €D SUSTAINABLE ENERGY CATAPULT CENTRE A5 e 3
organizations that endure in several selected @ e e s et o 5
projects: O O ot e «

&5 LLOYD'S REGISTEREMEA  me— 4

PY Eq u i nor ASA, NCE Maritime . NORWEGIAN UNIVERSITY OF SOENCE AND TECHNOLOGY ... em——— 4

@ ) PERSEE —— 4

Cleantech, Air Liquide, DNV GL, ® o ———
Wilhelmsen and  Norled have @ comonssa ,
collaborated in three different selected @ s "
projects mainly focused on creating a most active organisation in projects participation

LH2 supply chain and its demonstration
for use in maritime transportation;

e Sintef, NTNU, Gexcon and Moss Maritime have collaborated in three different selected
projects mainly focused on LH2 handling, storage technologies and fuel cells systems for
maritime application;

e Equinor ASA, PERSEE and DEMOKRITOS have collaborated in three different selected
projects mainly focused on the optimi