WIC MEETING MARCH2, 2023

Welcome to the WIC meeting!
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4 INDUSTRIE
2 CLUSTER

a WaterstofNet initiative




AGENDA

10.00-10.05:
10.05-10.40:
10.40-11.00:

11.00-11.15:
11.15-11.35:
11.35-11.50:
11.50-12.10:

12.10-13.10:

f WATERSTOF

Welcome (Callens)
New WIC members presentations
‘Geological (white) hydrogen, the ultimate, disruptive solution?’,
Peter Driessen, independent geo-scientist
News of cluster members
WIC news
Education and training needs in our region (incl. Group poll)
‘Experiences with the Callens 20MW hydrogen steam boiler in a chemical
plant’ (Bart Goossens, Vynova)

Tour Callens factory



P~ WATERSTOF

NEW CLUSTER MEMBERS SINCE MARCH ‘23 (H: e

CLUSTER

ﬁﬁ\l__! [Erlec) APKy_sicim

INFRAABEL @® BoscH m
Q Omniseal SoLgEgm STAHI. RESatﬂ

HYDROGEN TECHNOLOGY

|||IHII
l

IIIJIIIIJIﬁ“

— ECHNOGAS

== Gas-systems ———



WIC MEETING MARCH2, 2023

‘Geological (white) hydrogen, the ultimate,
disruptive solution?’

Peter Driessen, independent geo-scientist



NEWS FROM CLUSTER MEMBERS
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May 8th 2023

This document and the information contained herein is I'Air Liquide S.A. or one of its affiliates’ property. The document is
confidential business information and may furthermore contain confidential technical information. It is provided to certain
employees of the Air Liquide Group for their internal use exclusively in the course of their employment. Any reproduction or
disclosure of all or part of this document to third parties is prohibited without the express written consent of an authorized
representative within the Air Liquide Group. If you have received this document by mistake, please immediately notify the
sender and destroy the original message.

NAME AND FUNCTION OF THE BUSINESS OWNER: Dieter Ulber & Michael Lutz, Project Managers

DISTRIBUTION LIST: Neste Technology Day - Air Liquide Participants
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An Innovative Group

Innovation is at the heart of the Group’s customer-centric transformation strategy

347

new patents
filed in 2020

Innovation
Campus

nnovation

8‘{‘ Innovation 4'300

Campus e Ca|r<npus (1)
Delaware > Innovation e (e:ronnE[IF(i)byl?teeStO
(O Research & Development "s_‘ ! gﬁ;?%ﬁii innovation

© Global Markets & Technologies
and Hydrogen Energy

(O Digital & IT (including La Digital
Factory and ALIZENT), i-Lab
and ALIAD

€303m

innovation
expenses(!)

@ Engineering & Construction
@ Other entities

. Innovation Campus

(1) 2020 Figures OECD Definition.



R&D: 8 scientific and technological expertises

@@

PROCESS COMBUSTION MATERIALS SCIENCE DESIGN AND
ENGINEERING MANUFACTURING

o

COMPUTATIONAL ANALYTICAL SCIENCE FINE CHEMISTRY LIFE SCIENCE
&
DATA SCIENCE

8 THIS DOCUMENTIS -~CONFIDENTIAL-EXTERNAL Air Liquide’s Ammonia Cracking Technology @ AirLiquide




Ammonia Cracking Pilot Plant in industrial scale

Demonstration of

= Ammonia Cracking
= Ammonia Firing

in industrial, full scale next-generation reactor
tubes

Startup: Q2 2024

The pilot plant and
operational experience
thereof enables Air
Liquide to scale-up to a
commercial size

Scale-up!

9 THIS DOCUMENT IS --CONFIDENTIAL-EXTERNAL Air Liquide’s Ammonia Cracking Technology @ AirLiquide




Timeline

Final Investment Decision on
Ly Q12023 the Ammonia Cracking pilot plant

Air Liquide paves the way for
ammonia conversion into
hydrogen with new cracking
technology

J 2 2024 Start-up of the Ammonia Cracking
@ Industrial scale pilot plant

Ready to offer commercial scale

&y End 2024 Ammonia Cracking plants

10 THIS DOCUMENT IS **CONFIDENTIAL-EXTERNAL Air Liquide’s Ammonia Cracking Technology @ AirLiquide




Fluxys Hydrogen & CO, network

NORTH SEA
- 57

NL
!
== N : S
/? 4 ) ._.;_-;,.',‘_‘::.. ALBERT
DUNKIRK
L

Hydrogen pipeline

m— CO,pipelne
TOURNAI

G H;/NH; + CO, terminal

E CO, terminal A

( & Interconnection hub \
825  Hydrogen shipping R Lu
809 COo;shipping
CO Infermoda

©fluxys - All ights reserved - 09.2022 - fluxys.com

Sweco studies 70 km of hydrogen

pipelines in Flemish ports for Fluxys
Belgium

e Construction and conversion of a Hydrogen
Highway in Belgium, open access

* Decarbonisation of hard to electrify industry
* Interconnection with neighbour countries
* Importance of European hubs in energy transition

* Main challenges design
* Complex underground area, big diameters
* Synergy with other infrastructure works
e Many stakeholders

* Market capacity material and execution

o
SWECO ﬁ



¥d Aviation

/aterstofNet Working Group on Aviation
WIC Meeting 08/06/2023

® AIRBUS 2020 - All rights reserved - IIVS
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[ ] [ ] [ ] [ ]
Decarbonising Aviation: why? ==
ecaroonising Aviation: wny': o] gt
- Aviation
Residential, 8 Shipping
commercial Short-distance ; (rail, ships, other)
0 . . . . 10% i d,rh —
* 2% contribution to global CO, emission - e e a - comont
* Generally considered as a hard-to-abate application Industry e — 5
o 5 — . Iron & steel
0]
4 —
3_
Load-following
EIechcity”; i 2 — electricity
Unavoidable Comtined .
L -— & electricity
5% o0 —
n“ [Fertiliser][Hydrogenation ][Methanol][Hydrocracking][Desulphurisation] A Global fossil fuel & B Difficult-to-eliminate
B industry emissions, 2014 emissions, 2014
(33.9 Gt CO,) (9.2 Gt CO,)

Qff.road vehicles ][Steel ] [Chemical feedstock] [Long-term storage ]

ﬂ“ Shipping

w.

[Short—haul aviation cal ferries] Commercial heating ][Island grids ][Ciean power imports] [UPS]

_‘\-‘«‘ [Metro trains and buses][HZFC cars] [Urban deIivery] [2 and 3-wheelers ] [Bulk e-fuels][Power system balancing]

Un-competitive

* Via ammonia or e-fuel rather than H2 gas or liquid Source: Liebreich Associates (concept credit: Adrian Hiel/Energy Cities)

[Rural trains] [Regional trucks] Mid/Low-temperature industrial heat ] [Domestic heating]

_von KARMAN INSTITUTE
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Decarbonising Aviation: how?

Small | CHANGE IN EMISSION LEVELS { Large
CONTINUED NET-ZERO ELECTRIC HYBRIDS | ZERO CARBON " TRUEZERO
EVOLUTION Solutions that reduce Partial solution that Solutions that reduce Solutions that reduce all
Several methods that net emissions’ reduces gross carbon gross gross emissions to zero
partly reduce green- emissions by c. 10-50% emissions? to zero

house gas emissions

Efficiency & Hybrid-Electric Hydrogen Hydrogen Fuel Cell®
' Operational , Aircraft Combustion

Improvements
E.g. include gas Funding tree Hybrid-electric: Replacing kerosene Converting hydrogen
turbine efficiency planting, renewable including series or with hydrogen in and air to electricity,
improvements and energy projects, parallel hybrid modified jet engines which powers a motor
air traffic control etc, to mitigate aircraft requiring new to drive propellers
streamlining CO, emissions engine and aircraft

architecture (may
More Electric Sustainable Aviation also be compatible Battery Electric
— Aircraft B Fuels (SAFs) with SAFs)
Continuing the trend SAFs: including Powering all-electric
of electrifying aircraft biofuels, waste-to- aircraft with batteries
systems (excluding fuel, and synthetic only, using electricity
propulsion) fuels (using hydrogen generated from
and carbon capture) renewable sources

. Electric path Hydrogen path . Net carbon reduction path

! Net emissions = Gross emissions produced by an entity minus any carbon sinks attributed to that entity; ? Gross emissions = The actual emissions produced by an entity;
3 True zero only if hydrogen is produced from zero carbon sources and if the aircraft is operated appropriately. SO urce: R 0 | an d B e r.g er

von KARMAN INSTITUTE
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Decarbonising Aviation: the role of Hydrogen

300

S Decarbonisation Roadmap for European Aviation —
% 250

=
9

n 20%
£ 200

Q 1%

~ 6%
S 150
&

< 100 34%
O
©

s 50 12%
+
a 8%

0 2%
2018 2030 2050

== == == Hypothetical reference scenario Net CO; emissions
I 'mproved technology (kerosene) Improved ATM and operations I Economic measures
I \proved technology (hydrogen) Sustainable aviation fuels (SAF) vz Effect of economic measures on demand
s Effect of hydrogen on demand Effect of SAF on demand

- Destination 2050 (2021)
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. 2%Challenges?
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Required Aircraft Modifications

TIMEFRAME 2035
EXEMPLARY PICTURE
LH, tanks: 2x higher energy
density (12 kWh/kg or
gravimetric index of 35%)
LH, distribution: safe, y
reliable management incl. \?

leakage and boil-off

Fuel cell system: H, turbines: high
2-3x higher power density efficiency and low
(2 kW/kg), high life-time NOXx emissions

:,zfé;%_vun KARMAN INSTITUTE

FOR FLUID DYNAMICS



Supply Chain: Development and upscaling

2050 * Short term: on-site H2
production; compressed
H2; swappable fuel tanks

2035

* Mid term: scaling up SAF
supply

* Long term: H2 supply by
pipeline; on-site
liquefaction; efficient

S s refueling systems (via

@ Hydrogen storage

@ FC auxiliary power unit hyd ra nt?)

® Blended electrofuels storage

@ Onsite electrolysers,
hydrogen storage and
refuelling station

@ FC back-up power generator

_ﬁéa__vun KARMAN INSTITUTE

FOR FLUID DYNAMICS




Refueling Infrastructure for Aviation: 3 major challenges

Can be accommodated in Updates of infrastructure / Full overhaul of infrastructure /
prevailing infrastructure operations required operations required

Until 2040 (hydrogen 15% of fleet) From 2040 to 2050 (hydrogen 40% of fleet)
1 H, production 5% of global hydrogen demand 10% of global hydrogen demand
H and di_sh_'ibution Can be served with LH, trucks from central At-scale distribution requires pipelines to
O for aviation production sites or on-site airport
=a
2 Required LH, Centralized liquefaction (unless on-site production) Onsite liquefaction
girport Truck-based refueling At-scale refueling systems
]f‘v [l Infrastructure No major infrastructure updates Larger gate sizes and on-ground traffic changes
3 Refueling times Within usual turnaround times for shorter range Extends beyond usual turnaround times for
flights longer range flights’
ﬂ New safety regulations required for parallel
= operations
No insurmountable roadblocks Significant but manageable
in early ramp-up years challenges in scale-up years

1. Considering similar flow rates like kerosene and double the amount of refuelling points

S _von KARMAN INSTITUTE

FOR FLUID DYNAMICS



3. Joint WOrkihg SEOlR: H2.1n Aviation
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Joint Working Group: H2 in Aviation

* Joint initiative Agoria FLAG + WaterstofNet, exploiting
complementarities in knowledge and ecosystems

P 4
H f/
P -

WaterstofNet

EEEEEEEEEEEEEEEEEEEEE

oAviation market knowledge oHydrogen market knowledge
oAviation technology knowledge oHydrogen technology knowledge
oFlight segment knowledge oSupply chain knowledge

_—i’f}%ﬂ%;__vun KARMAN INSTITUTE
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Joint Working Group: H2 in Aviation = Topics

* Flight Segment
e LH2 fuel tank

 Combustion engine .AGORIA FI—AG
* Fuel Cells
* Propellant Management systems (pipes, valves, heat exchanger, pumps...)

e Supply Chain -> how to bring H2 to the aircraft? —_
* Production H
 Liquefaction =gl
¢ refueling WaterstofNet

* Ground Segment -> hard to abate ground support vehicles

* Tow trucks —_—
e Crash tenders H

WaterstofNet

_jé%—_ von KARMAN INSTITUTE
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WN/WIC News



WIC PORTAL

All members have received a mail to register:
* Create your login
* Every member can modify its company
data, categories and add colleagues.
* A company presentation can be added

My account

Feedback is welcome! ey L
My Profile
H Manage Password =
My Company
My Colleagues

My Communication
Preferences

Log Out

\ WATERSTOF
H., INDUSTRIE
2 CLUSTER

H- G s e . @
- [ Contact Search Weloome Isabel Erancois
seitin H, CLUSTER =

Joining forces for a sustainable hydrogen region

WATERSTOF - Y7oy
H, INDUSTRIE =
2 CLUSTER 24

leeting minutes 3nd presentstions Eivieekly newsletters WIC Funding programs in Belgium, The Netheriands snc Europe




WATERSTOF
G
Possibility to add company presentation

Accelera

Technology, Production H2, Manufacturing & production

M Contact -

Address Website
Nijverheidsstraat 48c €9 https://www.cummins.com/?
BE 2260 Oevel locset=gb

© Open location = Documents [
J, 2023Q2 Accelera by
Cummins_Electrolyzer Business.pdf




Manage Company Information

Address Emailaddress Fixed Mobile
WaterstofMNet Open Manufacturing Campus, Slachthuisstraat 112 bus 1, 2300 TURNHOUT info@waterstofnet.eu +3214 401219
About
B> T > U> S5 2> E-
Mission -

WaterstofNet is a knowledge and collaboration platform. We aim to contribute to a carbon-
neutral society by supporting and realising hydrogen projects in Flanders and the
Netherlands. Together with the industrial sector and the government, we enable concrete
achievements in the field, laying the basis for further collaberation. By doing so, we assist

in the further development of Flanders and the Netherlands as leaders in hydrogen. . .
Company description

Sustainable hydrogen will play a key role in the decarbonisation of our community. It can
contribute to zero-emission transport and function as a sustainable raw material for
industry, as a means of energy storage and a carbon-Tree source for heat

Flanders and the Netherlands host a unigue value chain of companies and research
institutes that are active in the field of hydrogen. As a knowledge and collaboration
platform, WaterstofNet acts as a catalyst for this ecosystem in the further realisation of a
hydrogen economy.

Bank account

IBAN

Invoicing email address

logoWN web.JPG (40 kB)

Waterstoitiet

Bestand kiezen | Geen bestand gekozen

File upload

1_Membership Waterstof Industrie Cluster_sept2022.pdf - O pt i O n to a d d CO m pa ny p re S e n tat i O n

(1,061 kB)

Bestand kiezen | Geen bestand gekozen
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NEWS FROM EU — HYDROGEN BANK

* Hydrogen bank
* Domestic pillar 2 3 BLN from the innovation fund, approx. 800 million for this
year, managed by DG CLIMA
* International pillar > DG ENER

Hydrogen Bank

Imports:
DG ENER Task Force

exploring options until Q1
2023.

Double-sided auction with

long-term buying and short-

term selling contracts, as a
possible option.

Exploration of multiple
funding options.

Domestic:

CfDs under the Innovation
Fund.

CfD auction for green H2
with perspective of moving
to CCfDs to also support

CAPEX needs of off-takers.

Funding by the Innovation
Fund (subject to sufficient
Fund size after Trilogues).

» CfDs for Hydrogen production under the
Innovation Fund at this point the most
likely implementation option for the
domestic leg of the H2 Bank.

» Creating a domestic market and price
discovery has other requirements than
securing diversified imports of H2
(derivatives) from abroad.

- B
Commission
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NEWS FROM EU - H2 BANK DOMESTIC

* A stakeholder consultation on the draft Terms and Conditions of the H2 Bank
was open until May 11

 Workshop hosted by the Commission on May 16

* For domestic production, the H2 Bank proposes a single auction providing a
fixed ten-year premium of €4/kg of hydrogen, covering CAPEX, OPEX and
transport costs

* Funded under the Innovation Fund (€800 million)

* The final Terms and Conditions are expected to be published by the end of
summer and the pilot auction is to be launched in December.



https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.hydrogeneurope.eu%2Fmembers-intranet%2Ffile%2F3274%2Ffinal-hydrogen-bank-t-c-pilot-auction-hydrogen-europe&data=05%7C01%7Cdavine.janssen%40waterstofnet.eu%7Cf6620e488dd244c3ec3608db5d301307%7Cbe505c46c5f541e6a5d3f763171df264%7C0%7C0%7C638206233735551876%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=A9Paq3EvFtgN%2Fz5GJceaaJ0OhRF54U0ohoXciFGkgZY%3D&reserved=0

"\ WATERSTOF
H, INDUSTRIE

NEWS FROM EU - H2 BANK INTERNATIONAL

e European Hydrogen Bank will be linked with Germany’s H2Global support
scheme
» H2Global will be open to all EU Member States interested in running their
own hydrogen tenders
» The Bank and the German initiative will also jointly develop a European
auction targeting international hydrogen imports.
 Announced on 31 May by European Commissioner for Energy Kadri Simson and
German Federal Minister for Economic Affairs Robert Habeck
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NEWS FROM EU - AFIR

Political agreement reached on 27/03/23

A Hydrogen Refuelling Station should be deployed
e Every 200 km on the TEN-T core network by 2030
* |n every “urban node”

The HRS should have a daily capacity of 1 ton H2, provide 700 bar and 350 bar
dispensing and be public
Each Member State should have a HRS deployment plan by 2027

HRS in Urban HRS on TEN-T core | Total
Nodes Ten-T Network every 200
15

Belgium
Netherlands 24 3 27
Luxembourg 1 1 2



WATERSTOF
NEWS FROM BELGIUM (Hz INDUSTRIE

Belgian Hydrogen Council

v Board elected and president chosen (Dec 2022)

H BELGIAN BOARD

HYDROGEN virya| (sirris| |fluxys®| | @ 2.,
custr oy croie| LSSl | INECS
ThJ D‘ COUNCIL

v’ 2" round of task meetings finished (May 2023)
v" Newsletter with updates will be distributed in Next week
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NEWS FROM THE NETHERLANDS

NLHydrogen launched

* Independent sector organisation, replacing H2 Platform
 Official kick-off on May 25
* Director Alice Krekt (former Deltalings)
* Policy Officer: Joyce Conincx (former employee of BE FPS economy..)
e 20 members (at the start)
* 5 board members (engaged for 3-4 years)

* Topics:
e Use of H2,
e Sustainable production & import,
e System & infrastructure
» Safety

* https://nlhydrogen.nl/

Lancering Branchevereniging NLHydrogen




WATERSTOF

PROJECT DEVELOPMENT FROM THE WIC - FLHYPORTS @'C"L'BEEE,Q"E

Background:

* May 2021: Start of collaboration to get the Flemish Ports on the www.h2v.eu map as a hydrogen
valley

* October 2022: “Flemish Hydrogen Ports Valley” officially online on https://h2v.eu/hydrogen-
valleys/flemish-hydrogen-ports-valley

e 17 January 2023: Clean Hydrogen Partnership call for large and small scale hydrogen valleys
opened

e 18 april 2023: Submission deadline

e Evaluation outcome to be published in July 2023

Main project developer and contact person:
Davine Janssen
davine.janssen@waterstofnet.eu



http://www.h2v.eu/
https://h2v.eu/hydrogen-valleys/flemish-hydrogen-ports-valley
https://h2v.eu/hydrogen-valleys/flemish-hydrogen-ports-valley
mailto:davine.janssen@waterstofnet.eu

WATERSTOF

PROJECT DEVELOPMENT FROM THE WIC - FLHYPORTS @:ggg;gg'ﬁ

* Produce at least 4,000 tonnes of clean
hydrogen per year using new hydrogen
production capacity.

* At least two hydrogen applications from at
least two different sectors should be part of
the project, with a clear focus on energy,
industry and transport sectors.

* Total available subsidy: 20 €MLN

Main project developer and contact person:
Davine Janssen
davine.janssen@waterstofnet.eu

Objective: Activating a long-lasting hydrogen
economy within and beyond the Flemish sea
ports through the development of a highly
visible large-scale Hydrogen Valley

Timeline: 2024-2029

Contains hydrogen production, transport and
end-use as well as monitoring, international
replication and public outreach/skills

Partners from four member states

=t el | N1


mailto:davine.janssen@waterstofnet.eu
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L Port equipment
Shipping 7 Hzforallcg JEE

(coll. With De Blauwe Cluster)

Permitting




WATERSTOF

WG SHIPPING (i, hossrne

../ —
COMDOR
- A RHaINE-PROJECT

* Next workgroup shipping : 20/06 in Nieuwpoort
e Status of Condor project
e Status of Metag and Hydrotug
* H2Stroom project
e Sailing with Candela (hydrofoiling vessel)

* Green deal inland navigation (Vlaamse Waterweg) !



*\ WATERSTOF

WG PORT EQUIPMENT (i, oS

* First Straddle Carrier on hydrogen : 30/03/23
* PSA
 ATS
e CMB Tech

e ATS : One of the submitted projects in Flhyports
e Different types of equipment
e Different technologies
e Link with tanktainer project (Naval Inland Navigation)
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WG COMBUSTION ENGINES

* Position paper ready for feedback

e Roll out (communication)
* Meeting on 16/06
* WG finalised
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WG MOBILITY {( H, INDuSTRIE

1. H2 Roadmaps for BeNeLux
*Define H2 mobility roadmap for Belgium based on WIC targets (in Draft)
*Next steps => conclude and discuss with stakeholders (Be-> NL -> Lux)
2. Monitoring, exchanging “data and experiences ” of HRS and FCEV
*Station openings NL
*Station openings Belgium upcoming
*BMW IX5 Hydrogen in BE and NL
*(BE nr#2 market for BMW company cars => 2026 important year)
3.Short, uniform and transparent approach of opening an HRS
*Process to opening of HRS on hold
4.Increase utilisation HRS
*Mobilise WIC members and other networks for end-users
*Mobilise operators for captive fleets (authorities, public transportation, lease companies, taxi companies, ... )
*“Concrete” case for HRS Wilrijk and HRS Breda
*ALD information package for fleetmanagers incl. Masterclas for increase nr# of cars at BE stations
*Vollenhoven request for the same at NL stations.
5.Communication and lobby
*Sector point of view H2 mobility projects (roadmap/policy paper H2Mobility, also for AFIR national plan)
Joined lobby with authorities (visits with Flemish government for permitting and “doelregelgeving”)




( /7 WATERSTOF

WG POLICY _ H, g‘!’_Bg?gg'E
'=_ Evaluation & statements
* BE Interregional meeting on certification (04/05) .S = | Related to EU or national legislation

v’ Position paper certification Q4 2022

v' Mandate from federal and Flemish governments to take action

v’ Interregional meeting on certification with representatives from administrations and regulators at every level
v Next: write detailed proposal on centralisation of the Belgian certification system

* Next steps
v’ Certification proposal
v Memorandum to prepare 2024 elections
v' Close follow up on EU Hydrogen bank

 WIC policy Meetings
v" Call for more NL members
v" Act in Benelux context



WATERSTOF
FUNDING OPTIONS H2 ICTBng'ETglE

EU
* Innovation Fund third call for small scale projects, deadline 19 September 2023

(more info)

 CEF Energy Call for Energy Infrastructure Projects, deadline 5 September 2023 (more
info) & recording of the info day can be found here!

* LIFE CET call for clean energy transition, deadline 16 November 2023 ( more info)

 CEF Transport Alternative Fuels Infrastructure Facility call for proposal, 2 deadlines on
13 April 2023, 17:00 (CEST) and on 19 September 2023, 17:00 (CEST) (more info)

NL

 Market consultation for new subsidy for the hydrogen manufacturing industry:
production lines and factory environments = please use this link before June 20 to
participate in the consultation


https://cinea.ec.europa.eu/funding-opportunities/calls-proposals/innovation-fund-third-small-scale-call-projects_en
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-search;callCode=null;freeTextSearchKeyword=CEF-E-2023;matchWholeText=true;typeCodes=1,0;statusCodes=31094501,31094502,31094503;programmePeriod=2021%20-%202027;programCcm2Id=43251567;programDivisionCode=null;focusAreaCode=null;destinationGroup=null;missionGroup=null;geographicalZonesCode=null;programmeDivisionProspect=null;startDateLte=null;startDateGte=null;crossCuttingPriorityCode=null;cpvCode=null;performanceOfDelivery=null;sortQuery=sortStatus;orderBy=asc;onlyTenders=false;topicListKey=topicSearchTablePageState
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-search;callCode=null;freeTextSearchKeyword=CEF-E-2023;matchWholeText=true;typeCodes=1,0;statusCodes=31094501,31094502,31094503;programmePeriod=2021%20-%202027;programCcm2Id=43251567;programDivisionCode=null;focusAreaCode=null;destinationGroup=null;missionGroup=null;geographicalZonesCode=null;programmeDivisionProspect=null;startDateLte=null;startDateGte=null;crossCuttingPriorityCode=null;cpvCode=null;performanceOfDelivery=null;sortQuery=sortStatus;orderBy=asc;onlyTenders=false;topicListKey=topicSearchTablePageState
https://cinea.ec.europa.eu/news-events/events/cef-energy-virtual-info-day-call-proposals-projects-common-interest-2023-05-12_en
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-search;callCode=LIFE-2023-CET;freeTextSearchKeyword=;matchWholeText=true;typeCodes=1,0;statusCodes=31094501,31094502,31094503;programmePeriod=2021%20-%202027;programCcm2Id=43252405;programDivisionCode=null;focusAreaCode=null;destinationGroup=null;missionGroup=null;geographicalZonesCode=null;programmeDivisionProspect=null;startDateLte=null;startDateGte=null;crossCuttingPriorityCode=null;cpvCode=null;performanceOfDelivery=null;sortQuery=sortStatus;orderBy=asc;onlyTenders=false;topicListKey=topicSearchTablePageState
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-search;callCode=null;freeTextSearchKeyword=alternative;matchWholeText=true;typeCodes=1,0;statusCodes=31094501,31094502,31094503;programmePeriod=2021%20-%202027;programCcm2Id=43251567;programDivisionCode=null;focusAreaCode=null;destination=null;mission=null;geographicalZonesCode=null;programmeDivisionProspect=null;startDateLte=null;startDateGte=null;crossCuttingPriorityCode=null;cpvCode=null;performanceOfDelivery=null;sortQuery=sortStatus;orderBy=asc;onlyTenders=false;topicListKey=topicSearchTablePageState
https://www.rvo.nl/onderwerpen/consultatie-maakindustrie-waterstof

WATERSTOF

UPCOMING EVENTS CNEE:

* New WIC meetings 2023
WIC meeting 3: Thursday 21 sept @ Atlas Copco
WIC meeting 4: Thursday 7 dec @ Cummins

 WIC/BHC conference October 16, 2023 in Brussels

* WIC visit NRW (pre-visit WaterstofNet and FIT in June, WIC visit postponed to autumn)
* Meet & Greet: next edition in November

 Webinars: if topics are proposed we organise!

 Thematic workshops to be planned in autumn, input for topics is welcome



The search for skilled
people...



WATERSTOF

EDUCATION & TRAINING TECHNICAL WORKFORCE ON Py oL

* Huge training needs for engineers, technicians, public bodies !!

* Different steps

 Phase 1 :interviews (what is existing + future ambitions)
* Universities
* High schools
e Secondary schools
* Adult education
* Public bodies

* Phase 2 : analyses of shortages

* Phase 3 : common plan for new training/education

* Phase 4 : broad communication
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EDUCATION & TRAINING TECHNICAL WORKFORCE ON g O

* +/- 30 training courses inventorised

* Interviews done with
e Secondary schools
* ‘Hogescholen’
* Universities
* Professional training institutes
* Fire department
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EDUCATION & TRAINING TECHNICAL WORKFORCE ON

* H2 training is given on all levels

* Mostly scattered in different courses
* Almost no dedicated courses for H2
* Few hands on training

e Lack of students !!

* No dedicated course at bachelor level
Do we need this?

* No dedicated course at master level
Do we need this?




WATERSTOF
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EDUCATION & TRAINING TECHNICAL WORKFORCE ON H{ H;

* Dedicated course at postgraduate level

 Dedicated course at technician level
* Only for automotive !!

* Hardly anything at technician level besides automotive
* Nothing in secondary schools
* Very little in ‘hogescholen’

* Willingness to start trainings is great IF students will come



WATERSTOF

POLL Qi

e Slido.com with #2767895

 Password for WIFI: 3256720846



https://www.slido.com/

WATERSTOF
INDUSTRIE
CLUSTER

EDUCATION & TRAINING TECHNICAL WORKFORCE ON H.

o  What level is most urgently needed?
=  Master
= Bachelor
=  Technician
o  How specific are your training needs ?
= Specific hydrogen education
= General technical education
= Training on the job
= Safety training
o s certification an absolute requirement?

= Yes
= No
o How many (H2)-skilled people do you expect to engage the coming 5 years?
= 05
= 5-20
= >20

o  For which type of employees do you have your biggest training need?
= Newcomers
= existing workforce (re-skilling)
= existing workforce (up-skilling)
o What is the most important topic for your training needs?
= Cloud overview

o Would you like to engage in more detailed search for the industrial H2 education needs (name + company)?
=  Cloud overview
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A leading European PVC and chlor-alkali company v¥nova

Strong regional
presence

Production network of 6
manufacturing sites,
strategically located in key
European markets.

Committed
employees

1,265 employees in
manufacturing, supply
chain, sales & marketing
and support services.

© Copyright Vynova Group

==

Broad product
range

Product portfolio that
includes PVC, KOH and other
potassium derivatives, NaOH
and sodium hypochlorite.

Solid financial
performance

Founded in 2015, we have
grown to generate sales of
830 million euros. Our
profitability enables us to
pursue ambitious growth
opportunities.

12/06/2023

52



Main product groups

f!

Caustic Soda

"‘(
l”oi E

&
i
| I” .

Potassium

Derivatives Hypochlorite

© Copyrlght Vynova Group 12/06/2023 53



Production network in five countries VYNOVA
— -
@ Tessenderlo - Belgium

© Wilhelmshaven - Germany

© Mazingarbe - France

@ Beek - Netherlands

©® Runcorn - UK

©® Thann - France (affiliated site)

© Copyright Vynova Group 12/06/2023 54



Interconnected value chain

Raw materials

Tessenderlo (BE)
Runcorn (UK)

Ethylene

Chlorination

Production process (grey = process; blue = intermediate products)

= -
VYNOVA
o’

Main end
products

Ethylene
Dichloride
(EDQ)

Cracking & Vinyl Chloride

Tessenderlo (BE)
KOH & NaOH
Runcorn (UK)
NaOH

Thann (FR)

KOH

Sal(tN/aE:‘)lne Chlorine
Electrolysis

(NaOH and
KOH)

Monomer

oxychlorination (VCM)

Tessenderlo (BE)

Wilhelmshaven (DE) Suspension

Polymerisation PVC (S-PVC)

Wilhelmshaven (DE) .
Mazingarbe (FR) Hydrochloric

Beek (NL) | Acid (HC))

Caustic Soda

© Copyright Vynova Group

(NaOH)

Potassium
Hydroxide
(({(e],)]
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PVC & Vynova Value Chain VYNOVA
CRACKING ©
NATURAL GAS ,21 C,}{':,‘.,",‘m f i
( PETROLEUM )\ MONOMER s
ol d (VM) 0 . Aogumows
s ETHYLENE D : f‘." ™ MODIFIERS
CRACKING |
—a | PROCESS
. )
(€DC)
ETHYLENE

CHLORINE DICHLORIDE

ELECTROLYSIS

© Copyright Vynova Group 12/06/2023 56




Membrane electrolysis

Power Supply

2NaCl + 2H,0 + electricity -> Cl, #+ H, + 2NaOH

Chlorine gas (Cly)

Hydrogen gas (H3)

2H,0 + 2e'—>» H; + 20H"
(This reaction happens at the cathode)

Eurochlor data :
- 9,5 mio ton chlorine/y in Europe

Sodium ions (Naj)

- 265,000 ton H2 produced @D P;s;,:,',;:g:g" N Cokile Xotn
- 2% of total produced H2 in Europe Degiatsd brine
- Use 85-90% 20— Clp + 2¢°

(This reaction happens
at the anode)
- 33% Caustic
Caustic Sod
a5
Hydragen used Saturated brine (NaOH) soda (NaOH/H;0)
T (H20 & NaCl)
= a0
E >
g
1]
£ as
£
E . Diluted brine 30% Caustic soda PU’&Woa)te"
. (H20 & NaCl) (NaOH/H20) 2
Non-permeable
ion exchange Diluted caustic soda
ey FEELEEFEEEEL TS membrane (NaOH/H,0)

© Copyright Vynova Group




Our sites: Tessenderlo - Belgium VYNOVA
-~

m State-of-the-art membrane electrolysis plants for
the production of chlorine (Cl,), caustic soda
(NaOH) and potassium hydroxide (KOH)

m Central location with excellent access to logistic
facilities and export markets (close to Antwerp
and Ruhr chemical clusters)

m Ca. 585 employees

————

ljl,ﬂ,ﬂﬂdf%f/m‘ m ISO 9001, ISO 14001 and ISO 50001 certified &
L. ISO 17025 accredited

| s 439 Products made on-site

A
£ ' ' :
/“ L Vinyl Chloride Monomer (VCM), Ethylene Dichloride

(EDC), Caustic Soda (NaOH), Potassium Hydroxide
(KOH), Potassium Carbonate (K,CO;), Sodium
Hypochlorite (NaOCl)

© Copyright Vynova Group 12/06/2023 58



Tessenderlo

m Max H2 production on site : 11,250 ton/y
m Used as raw material and for steam production
m Reorganisation of site -> new H2 consumers required

m H2 excess — H2 vented to atmosphere -> action !!

m -> new steam boiler with use of H2.

m Challenges :
- maximum steam production on available plotspace -> 30 t/h
- fuel : solo NG, solo H2 and as much of flexibility
- fuel change over without stopping the burner
- Nox < 80 mg/Nm* @3 vol% 02 dry
- Soundlevel < 80 dBA
- operator/maintenance ergonomics

© Copyright Vynova Group 59
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Steam boiler - bifuel

© Copyright Vynova Group

A
VYNOVA
-

Aardgas (CH,) - 4 lanzen

Waterstof (H2) — 4 lanzen

Verbrandingslucht

Piloot brander

12/06/2023 60



VYNOVA
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Tessenderlo specifics VVNOVA
-~

m Low pressure H2 network (350 mbarg)

m Production : 2 electrolysis plants (NaOH and KOH)

m Consumers : 3 users, new Callens is 4th

m No gasbuffer — direct link between production and consumers

m No buffer ? Piping “creates” 75 m> buffer and gasses are compressible ?
-> because of low pressure only seconds reaction time.

m Electrolysis requires a lot of electrical power.
-> opportunity in electricity purchasing
leads to load shedding

m Unbalance between production
and consumption requires bi-fuel burner

© Copyright Vynova Group 62

12/06/2023




Tessenderlo VYNOVA

Lucht Aardgas (CH4)  Waterstof (H2)

r— w-cmasle |y T' @"T‘?"T’@; """""""
. Bifuel '2:.';; ''''''''''''''' : jrl.‘_"e'r'""""'_'t' """ j """""
CH4 + H2 (150 kg/h) / QH2=

m H2 and Natural gas /> P

________________ Q_CH4 min I
m Burner management s ansan / Al —poian

2
m Can run on H2 only, NG only, and fixed points on H2 flow inbetween / : / """"
m Condensation issues in burner which is offline -> solved el -
m Controls |l
S | /‘p’”ﬂ I
m Managing Steampressure and H2 pressure == Wwwwmjf _wWWWMWW | B=5 "]!.,ﬁ'*-,j’h lwlﬂ ‘J .EP\W
m Changes in production / consumption | L
m 2 H2 producers and different H2 consumers e e
-> balance ‘

© Copyright Vynova Group 12/06/2023 63




Decarbonisation ? VVNOVA
-

m Energy saving projects

m Using maxium of the produced H2
(but other consumers as steam production because of energy saving projects, less steam required)

m Next steps ?
m Electrification where possible (heat pumps, electrical steam boiller,...)

m Replacement of NG by H2 import
- future of H2 grid in Belgium ?
- H2 production on site (water electrolysers)

Elektrodeboiler voor stoom

© Copyright Vynova Group 12/06/2023 64
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