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Agenda

Stork and Renewable
Start HYDROGREENN and Hoogeveen project
Wicked problem

Vision on House heating

Social acceptance challenge

Technology Challenge

Implementation

Challenges to creating a Hydrogen future

H, Production Roadmap.




FLUOR STORK
A STRONG COMBINATION
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ii‘*’i\f@' employing and in more than 1 00 countries

| 4

partnering with operating continuously

4 000 dients for a total of

I@\ o"

with a revenue of

in a wide range of sectors

30! .

years

eeeee

@.@

Infrastructur Industrial  Gov

STORIS
A Fluor Company



STORK VALUE PROPOSITION - HOW WE OPTIMIZE CLIENT ASSET PERFORMANCE

STORK ADVISORY

Ready
Assess
Comply
Improve
Digitize
Decarbonize

STORK IN THE CLOUD

Specialists

Planners & schedulers
Safety /skills certification
Technician training
Equipment manufacturing
& overhaul

Equipment / tools
Innovation labs

STORK NEARBY

MANAGEMENT & EXECUTION

Operations
Maintenance

S STORIS

~ ., Client Site @ Client Site

Turnarounds
Construction J[\T
Equipment repair

Clean Energy

# Upstream

STORK @ SITE

Multi-skilled,
connected technician

- m Refining & Chemicals

Knowledge Online
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Maintenance
analytics

Connected equipment

. & .. Food & Pharma
=d)  Metals & Mining

Digitization & Innovation
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Stork partners
Engineering Fabrication
Local Supply Innovative
Cha suppliers

Field technology
solutions

‘ Manufacturing
f Infra & Water




STORK DECARBONIZATION VALUE PROPOSITION - HOW WE PROECT THE ENVIRONMENT

STORK’S FOOTPRINT  CLIENT'S FOOTPRINT WORLD’S FOOTPRINT

SUPPORT THE ENERGY
TRANSITION

» New technologies
+ Cost efficient O&M services
+ Reduce energy poverty

DECARBONIZE
EXISTING ASSETS

» Advisory services
» Overall management
« Actual execution

DECARBONIZE OUR
OWN ACTIVITIES

« Inthe field
+ As we travel
+ In our own workshops

And share our knowledge with
the community around us
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Hydrogen

Energy
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Local impact theme

SUPPORT THE ENERGY
TRANSITION

+ New technologies
+ Cost efficient O&M services
» Reduce energy poverty

Master
planning
DECARBONIZE

EXISTING ASSETS

« Advisory services
« Overall management
+ Actual execution

DECARBONIZE OUR
OWN ACTIVITIES

+ Inthe field
+ As we travel
+» In our own workshops

Multi-skilled,
connected technician

And share our knowledge with
the community around us

Involves fugitive emissions

Electrical theme

Circularity theme

Carbon
capture
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Who are the players?

Number of hydrogen developments by (lead) developer
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Hoogeveen (Drenthe)

Westerstede

o
Bad
Zwischenahn L
Oldenburg

Friesoythe

n

City Hoogeveen 6 PJ
Gas 3.1 PJ (43%)
55.252 inhabitants (2017 data)
Nr 61 of the Netherlands.
127,17
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GREEN HYDROGEN,THE ENGINE FOR
FUTURE-PROOF LIVING.

QOur vision for the future?

At least 1 million Dutch homes fitted with a hydrogen central
heating system.

Tabel 1 Woningvoorraad naar energielabel, 2015
Sociale Particuliere Koopwoning Totaal

huurwoning huurwoning
BENG 8.800 47.200 52.600 108.600
A 208.300 129.400 632.600 970.300 Heat Pumps
B 393.500 92.400 451.900 937.800
C 763.900 184.900 1.310.400 2.259.200
D 532.400 147.900 677.800 1.358.100 . . .
; 254 600 101,700 251900 810 Combination Hydrogen Boiler and Hybrid Heat
F 115.700 83.200 406.700 605.600 e : :
c 2o 00 157 100 06 700 e10500  PUMpP and some basic isolation will be the most
Totaal 2.323.500 943.800 4.390.600 7.657.900 attractive option_

Bron: WoON 2015 / EIB



Dutch Demand H2

The maximum H2 market in the Netherlands to 2030 is ~2.3 mtpa H2 with the majority of demand .=|
coming from new H2 applications

Estimated zero-carbon H2 market demand in the Netherlands

in 2030, mtpa H2 Market sizing methodology

Chemical
Power feedstock?! 100% of grey H2 replaced with zero-carbon H2
15 Mobility ‘ 23
Refining o .
Buildings feedstock? 100% of grey H2 replaced with zero-carbon H2
Replacement of high-temperature heat by H2 for:
Industrial 5 100% 759 20%
. heat? é 0 o ' 0
Industrial In chemicals ﬁ in refining* in steel®
heat
suings | [FEE 100% H2 ﬁ“ﬂ 0.5% blend of H2
0.8 - in 500,000 buildings® in natural gas for other buildings’
Refining 03
feedstock . —

. Mobility? _ 600 E.m 0 | Potential upside in both
Chemical 05 trucks -— ships |||I segments post-2030
feedstock

Demand existing Demand new Demand Total demand Up to 15%
Power® * pto °
H2 sectors H2 sectors 22:;::5 of electricity production converted to H2 post-2030

Tabel 11 - Aantal HR-ketels op waterstof in 2020, 2030 en 2050

2020 2030 2050
Aantal HR-ketels waterstof (WEQ) - laag 0 0 0

Aantal HR-ketels waterstof (WEQ) - hoog 0 280.000 | 5.600.000 CW Delft and McKinsey
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From slogan to concrete in 4 years

Stork and HYDROGEN MBO Education

Role: STORK

+ Main Sponsor

+ Member Supervision board
+ Know how for Training

= Support with Project cases

Project coalitie - RVO plan
Hoogeveen
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$THE NORTHERN
> NETHERLANDS
HYDROGEN
INVESTMENT

INVESTERINGSAGENDA
WATERSTOF

DAGBLAD

WOS: Waterstof Ontvang Station
MC: Mix Control

o, omptabele meting elektra
r ‘omptabele meting waterstof
- omptabele meting warmte LS: Los Station

_ NOORDEN

NOORD-NEDERLAND

Clusterdeal 250 Hz-voertuigen 2 600.000 kg/jaar

Op weg naar emissievrije waterstof op commerciéle schaal

Erflanden on Hydrogen
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Climate-KIC is supported by the
EIT, a body of the Eurcpean Union
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Hoogeveen krijgt 4,4 miljoen euro em'in deel

Erflanden aardgas te'vervangén dodr waterstof.



Part of the EU HEAVENN

project
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Europese miljoenen voor ontwikkeling
waterstoftechnologie in Noord-Nederland

M 30 augustus 2018

Noord-Nederland is door Europa aanwezen als de regio waar de komende jaren de groene
h verder moet len. Vanuit Brussel gaat er € 20 miljoen subsidie nasr het

project Hydrogen Valley, gericht op de ontwikkeling van een volledi functionerende groene

waterstofketen, Het project kost in totaal € 90 miljoen, duurt zes jaar en gast begin 2020 van start.

Internationale steun

o is HEAVENN,
private partijen uit zes Europese landen. De leidende partijen bi] de aa varen het

[ Samenwerkingsverband Noord-Nederland (SNM) en de (5 New Ener, ition. Bij het traject werden
de partijen internationaal ondersteund, onder meer vanuit de Verenigd &n Japan. Het HEAVENN-
project is bijzonder, omdat het de hele waterstofketen omvat en verbindt binnen één geografische regio

Hydrogen Energy
Applications for Valley
Environments In
Northern Netherlands

van 31 publieke en

The Movie:
https://vimeo.com/368013901



https://vimeo.com/368013901

HOW CAN WE MAKE DUTCH HOMES
MORE SUSTAINABLE WITHOUT
BURDENING THE COMMUNITY
WITH SKY-HIGH COSTS?

In Hoogeveen, 22 representative parties are working @ OROGREN e
on an innovative and constructive option for an ROGRS e -
alternative energy supply. We have joined hands on ﬁ%{ﬁ"mf * W et e
behalf of the government, higher education and the “‘“mw e o
business world to form the Hydrogen District gasuie S T

Green Planet DNV-G
jp ENERGIE v MEN °
pmmy ENTranCe COGAS

Hoogeveen consortium.
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HYDROGREENN
= “the Green Hydrogen Economy in the Northern Netherlands”
42 b5 22 consortium partners in case “hydrogen Hoogeveen”
ROGR®
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Phase 1: Nijstad Oost
100 homes

Phase 2: Erflanden Phase 3: Ten Arlo Plant
427 homes H, production with locally
generated solar energy






ABOUT NIJSTAD-OOST

» Located just outside of Hoogeveen

 Formerly an industrial area for sand extraction

« Landscape development with a combination of
iInnovative living and recreation

 The convenient location lends itself to creating an
organized, controlled environment

 The area is fitted with gas pipes and the necessary,
equipment




DEMONSTRATION PROJECT
DELIVERABLES

An innovative hydrogen central heating system without CO, emissions thanks to a retrofit solution.

2. The technical development of a hydrogen central heating system with a plan for a hydrogen gas
meter.

3. Legal and organizational support through the development of guidelines in the field of legislation,
safety, standards and certification.

Well-founded advice for development and increased social support.

5.  An economic spin-off for business through scalability to more than a million homes in the Netherlands
alone.

6. A substantiated social cost / benefit analysis.
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INITIATIVES RELATED TO HYDROGEN
ENERGY DEVELOPMENT .

* A Green Planet hydrogen refueling station in the =
Hoogeveen municipality, near the village of Pesse. 5 I-

 Functional from the end of 20109.

« Conversion by NAM of a former natural gas
processing plant in Emmen into a sustainable
energy hub.

* Opening of the green hydrogen installation HyStock
In Veendam by Gasunie. Functional since June 26th.
2019




SOCIAL ACCEPTANCE
CHALLENGE o

ProjctConol Tochlogy e By

— | = ' PUBLIC SUPPORT FOR

¢ _e g a.l ShE i HYDROGEN-POWERED
J ’ ! Measursnants ! inas [ ’ . H O U SI NG
Student number: 331785

* Public acceptance e =
* Landscape integration o

CLIENT: DR. W.J.L. ELVING
GA SUPERVISOR: N.M. BARNING, M.SC.
SECOND EXAMINER: K.F. DROZD, PH.D.

Social Acceptance Business case e

GRADUATION PORTFOLIO (NON-CONFIDENTIAL)

From the small city of Hoogeveen to
® “ % the international context

By: Thijs Meeuwissen

Hanzehogeschool Groningen
University of Applied Sciences
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* Legal frame work for Hydrogen Is missing or
how to fit Hydrogen in current regulation

e |tems

 Ownership — of conversion installation and infrastructure?

« Who is allowed to sell Hydrogen to the public (market model)?

 How to fit safety regulation into current standards. (storage in public neighborhood)
« Can we force people to change to Hydrogen?

 Should we use the Gas or Heat law as an umbrella for this project?

What is the back-up facility?




SA PUBLIC ACCEPTANCE CHALLENGE
(at Start)

Preference for alternatives to hydrogen

e Gains

. Affordable B I I B

« Sustainable
L Status I n CO m m u n Ity ‘With 1 being “highly disagree” and 5 being “highly agree” clearly a majority of people is in the neutral part

where the average person voted 2.9 on preferring alternative sustainable measures than hydrogen. This

- - indicates that much is still to do in the field of informing and convincing the people of the neighborhood; they
o C O ntrl b Ut| O n know a project is happening, but they do not know the exact content or the benefits which it would bring.

 Pains
MENINGENWATERSTOR MENINGEN WATERSTOFWIJK HOOGEVEEN

Ik zou liever andere Waterstof is een veilige |
° C t f h h I d oplossingen overwegen energievoorziening /
OSt 10r nouseno - \
s . Oneens
5% Een:
o 90% 42% 27% 45% 30% 29%

20%
0) :
oncern apout sale 0 = -
- 66%
Is op de hoogte van  Is trots dat de Heeft vertrouwen  Denkt dat waterstof ~ Denkt dat hun woning Denkt dat waterstof
- - L B lannenvande  gemeente dit project dat de gemeente een goede vervanger  geschikt Is voor veel te duur Is.
I e C n I C a e a S I I I ty 3 onderneemt. het vermogen heeft is voor aardgas. waterstof.
e

dit project succesvol

Neutraal te leiden.
6%

53% WIL DUURZAME AANPASSINGEN AAN HUIS
MITS IN COOPERATIEF VERBAND

z ‘ > 91% IS OVERTUIGD DAT ENERGIETRANSITIE NODIG IS

—



HOW GREEN SHOULD
GREEN BE?

* H, Production versus H, application
« Solar — Wind — external grid with green power certificates

« Costis an important driver for households, but 100% green is more
expensive than 90% green ( CO, reduction)

 Green Hydrogen versus Blue Hydrogen.
« Hoogeveen project will be green but Leeds 21 project will be blue.

In New National VESTA MAIS Model Blue and Green Hydrogen will be part of
modelling.




COST: HOW TO CLOSE THE
FINANCIAL GAP?

« CAPEX

« OPEX

Hydrogen versus Natural gas versus all electric.
Why now?

* We will use a National Dutch program — “Aardgas vrije
Wijken™ around 4,4 Million Euro to execute this program.

« HEAVENN EU Funding m




Hydrogen Price forecast in Euro/kg,
From 9 sources

- Frodustion cests for Gresnand Blue o Bloomberg NEF - Hydrogen’s Plunging Price Boosts Role as Climate Solution
TKI Nieuw Gas - Roadmap Hydrogen
IEA - The Future of Hydrogen
METI Japan - Basic Hydrogen Strategy

N CE Delft - Waterstofroutes Nederland

) D —— DNV-GL - Hydrogen in the electricity value chain

e | *‘ "TNO samen met DNV GL - Waterstof uit elektrolyse voor maatschappelijk

- ’L verantwoord netbeheer - Businessmodel en businesscase”

—— D —— Nature Energy - Economics of converting renewable power to hydrogen
IRENA - Hydrogen: A renewable energy perspective

Bron: Productiekosten groene waterstof; Bron Van As-Jacobsson & Hellinga 2020 (CE_Delft; Jongsma, Chris; Van der Veen, Reinier; Vendrik, Joeri 2020, 16)

| 2030Min 2030 Gem 2030 Max 2050 Min 2050 Gem 2050 Max

€127 €4,75 €0,73 €2,55
Gemiddelde €272 € 1,43

Gemiddelde Min/Max €217 €34 €1,04 € 1,66

Kostprijzen groene waterstof 2030-2050 ontwikkeling (CE Delft 2020 tabel 20) (Hoogervorst, N; 2020, 29 tabel 20)




HYDROGEN PRICE 2020: 8 EURO/KG EXCL. TAX
PRICE DEVELOPMENT

Price G-Gas versus Hydrogen for end user (homes) by 35.17 MJ/M3 Natural gas as reference price in Euro

e \ardgasprijs consumenten o— H2 prijs gelijk aan MJ/M3 als aardgas




H2 PRIJS 7 EURO/KG 2020

Cumulative costs 2020-2035 heat pump versus CV en H-CV Burner

45000

Starting Points

Investment Heat pump incl. Installation 20,000 Euro. (in
2025 scenario - 30%)

Investment Hydrogen CH boiler incl. Installation 2.500 Euro.

35000 | Use is made of the Energy Saving Loan (Drenthe) with
maximum duration.

No WOZ or Insulation adjustment - power system

30000 Maintenance included (incl. Parts) service contract H2-CH
boiler and heat pump partly

Omschrijving Leenbedrag | Looptijd in Rente % Kosten totaal
in euro's Maanden

Warmtepomp 20.000 2.3% 23.668 /
20000 Waterstof CV-ketel 2.500 1.5% 2,636

Z10[0[0]0)

25000

/

15000 —~ —
/
/ c Model is based on the resp. 6 or 7 Euro in 2020, the price in 2025 would be in resp. 3.6 - 4.2 euro.
10000 / - 2013 KPMG assumed € 9.90 in 2025 and € 5.1
/ / . Prof. Dr. Ad van Wijk TU Delft 2025 1.5-2.5 euros per kg
5000 / -/ . 2018 TNO-DNVGL report - "In 2025 a production price should be possible between 2.40 and 2.70 euros
R / per kg
0
2018 2020 2022 2024 2026 2028 2030 2032 2034 2036

===\ armtepomp systeemkosten Cumulatief H-CV ketel systeemkosten Cumulatief —@— Aardgas CV ketel cumulatief



Wholesale price of natural gas 2023-2027

Zicht op Energie /

100,0

prijs in €cent per m3

Groothandelsprijsaardgas voor 2023-2027

w— Jaar 2023

e Ma andg emidd. 2023
Jaar 2024

= Jaar 2025

Jaar 2026
Jaar 2027

Source 2-5-2022:
Ontwikkelingen aardgasprijzen | Zicht op Energie

handelsdagen

Zicht op Energie
www.zichtopenergie.nl

Aardgas TTF

aangepast tot 02-05-2022



https://zichtopenergie.nl/prijsontwikkelingen/ontwikkelingen-aardgasprijzen/#:~:text=Historische%20aardgasprijzen&text=Tot%20het%20jaar%202021%20waren,%E2%82%AC%200%2C40%20per%20m3.

TECHNOLOGY CHALLENGE

-
@ G aS q u a.I Ity Management Role of Hydrogen
¢ Measurement

- E H2 CV-burner,
n ! [ | Legal, Safety and House
. O Ve rS I O I l I standards (NEN) oy

Implementation

Power plant R
Communication and

public acceptance

—{ Fuel-cel house ‘ Plotplan ’
Report

— Public acceptance “Role of Hydrogen®

4
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« Storage and Compression S e T
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#
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System test
installation

! project
Fall-back scenario implementation
Compression
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business case /MKBA orage an

Central process

control 1
SIL safety devices and ‘ :
controller Dn ~

External transport

e H2 Heater — House —

'."Jc" 5 Conversion /
Syt Production H2

» System test installation e — T L




LD distributienet

Ondergronds

Diameter: 160mm/110mm/63mm
Materiaal: PE100 — SDR11

Druk: 100 mbar

Poortwachter: ??
Reduceer: retrofit aardgas
Afsluiter: retrofit aardgas
Meter: ??

Geintegreerde meterbeugel [aY]
Hoofdkraan: DN20, PE Afmeting: I*b*h
Neusstuk: DN20, GOB Druk: >=25 mbar
Drukregelaar: >=25mbar
Meterbeugel: GOB

Klantkraan: DN15, CU 22mm

HD distributienet
ondergronds

Diameter: 160 mm (DN150)
Materiaal: PE100 — SDR11
Druk: 1<=normaal<=4 bar

______________ I

Aansluitleiding
ondergronds
Diameter: 32mm
Materiaal: PES8O
Druk: 100 mbar

Meter

Afmeting: 35cm*19cm*24cm

Tos,Storageand GOS Qerg et b s b House T A
Predsure cont Pressure Surface : :
HD koppelstuk gas receiving station statigm Eduction staffons Valve box Kruipruimte  Meterkast Tussen ruimte(s) LV-ruimte :
Bovengronds E— P = ] i
Diameter: .. — ) i
Materiaal: Staal I Dq DT<| I & 3 Mantelbuis £
Druk: 80 bar : — D'd |>—QJ §—<| :
I =l = 0 ;

Afsluiter: retrofit aardgas

Reduceer: retrofit aardgas
Afsluiter: retrofit aardgas

i

Zadel en opzetstuk: retrofit aardgas
Gasstopper (optioneel): retrofit aardgas

Opslag
Bovengronds :
\H/SII’liJZr:\):;al 48 m3,2x 290 k ? Drukmeter: ?? | Afsluiter: retrofit aardgas | Binnenleidingen
Materiaél' ' € EHD koppelstuk Afsluiter: retrofit aardgas Diameter: 22 mm
Druk: 80 bar go"e”gm”ds Matkeriaalz cub
: i { jameter: . Druk: >=25 mbar
: Materiaal: ..
Druk: <= 300 bar
Utilities — Power | | Process Process Safety
Massaflowmeter i E t m
- — Water — | Sy
Kg UZTEL:nt: 200 bar %n ater CO ntro S e
Koppelpunt: 300 bar E .
e Instrumentation | System-

air, Vents

Tube-trailer

Afmeting vrachtwagen: 40 ft
Inhoud: <= 800 kg

Druk tubes : <=300 bar

o %Lo_ﬁ

éexternal supplyé

N

VO Phase 1:“primairy design” | in operations | components




QUALITY OF GAS

« Gas quality
e Do we need an odorant or should

we use a sensor?

 Most of gas leaks are outside the
house, most leaks with excavation
work

 What kind of odorant do we use?
« Same as natural gas? (THT)
e  Other Smell?
« Harmless for fuel cells?

TECHNICAL CHALLENGE

Project
Management
i

Role of Hydrogen

pppppppppppppppp

||||||||||||||




7,7 miljoen
huishoudens in NL

HR-ketel
90%

message H2-boiler - retrofit solution

CO2 -none
Flame guarding
O CO - none
NOx - much lower (reported reductions > 50%)

Heat exchanger |

""""""""" CAPEX - slightly higher
-- Fuel valve OPEX

Hydrogen | maintenance - similar
supply '




TECHNICAL CHALLENGE
MEASUREMENT

e (Gas Measurement

 We will lose some Hydrogen quality / calorific value on the route:
 Who should pay for that?
Do we need a QA H2 measurement after the handover?

1. Tube trailer to tank
2. Electrolyzes to tank

3. From high pressure storage — compressor when we handover to the 4 bar net?




TECHNICAL CHALLENGE
MEASUREMENT

+ Measurement N E
 What has to be the frequency of scanning? “L —
 Should we measure flow of energy or heat transfer? g »

« Can we use the G4 measurement “[

* Does it fit into the “Meterkast” meter cupboard in the houses?

 YES we can use the existing G4 measurement in the houses

‘d



TECHNICAL CHALLENGE
STORAGE /COMPRESSION

 H2 Storage and compression

 What kind of pressure do we need to lowest cost of storage?
« Low pressure —we need a large tank
 Landscape interaction
« High pressure we will need additional compressor:

« Also higher cost
Energy efficiency will go down.

‘d




TECHNICAL CHALLENGE
HOUSES

« H2 Heater — House

- Do we need a odorant or
should we use a sensor?

Role of Hydrogen

 Thermal acoustic sound
problem with higher flows?

 What is the internal house gas
Infrastructure quality?

« Cooking will converse to
electric.




0% Emission, 100% Hydrogen

IMPLEMENTATION
CHALLENGE

« Communication and public acceptance
« Public website https://www.hoogeveen. nI/waterstof

* Project report
 Public Report Waterstofwilk Hoogeveen

 Public Report Indicative Social cost benefit analysis Hydrogen
heating MKBA Hydrogen City Hoogeveen the Netherlands

« Public Report Waterstofwijk Hoogeveen Safety
* Project CAPEX / OPEX/ Financing
* Project implementation
Mark H2 Gas supply)



https://www.hoogeveen.nl/waterstof
https://www.researchgate.net/publication/345429782_Waterstofwijk_Plan_voor_Waterstof_in_Hoogeveen_-_Hydrogen_plan_in_the_Dutch_town_of_Hoogeveen
https://www.researchgate.net/publication/350353695_Indicative_Social_cost_benefit_analysis_Hydrogen_heating_MKBA_Hydrogen_City_Hoogeveen_the_Netherlands
https://www.researchgate.net/publication/346487736_Risk_evaluation_Hydrogen_for_house_Heating_table_Risico_inventarisatie_voor_woonhuis_verwarmen_met_waterstof_CV-ketels_Actie_ter_voorkoming_Kans_-_Bedreigingen_Consequentie_Prioriteit_-_Mitigerende_ma

FROM PLANN I NG Installation, Infrastructure and Storage
TO P CTICE at the demonstration project in the

new housing district Nijstad-Oost

OUTSIDE THE NEIGHBOURHOOD —— WITHIN THE NEIGHBOURHOOD —

506 66

Electrolyser External supply Storage/buffer  Gas receiving station Infrastructure H, central Heaters
heating system

NEW NEW NEW REPLACE REPURPOSE REPLACE REPURPOSE




WHAT WE ASK OF OUR
NATIONAL POLITICIANS

1. An open mind
2. The possiblility of working together .
3. Financial support |
4. Room to innovate




Green Deal H2-wijken

(234
Green Deal H2-Wijken

Naar praktische toepassing van waterstof als warmtevoorziening
in woonwijken

Partijen:

1. De Minister van Economische Zaken en Klimaat, Bas van ‘t Wout, hierna te noemen: EZK;
2. De Staatssecretaris van Infrastructuur en Waterstaat, Stientje van Veldhoven, hierna te noemen: lenW;
3. De Minister van Binnenlandse Zaken en Koninkrijksrelaties, Kajsa. H. Ollongren, hierna te noemen: BZK;




CHALLENGES

CREATING A
HYDROGEN
FUTURE




H, in Build Environment ®

2021 First 100% H2 Project at Hoogeveen
2024- 100K H, Burners on Dutch market possible
2023 First 100% H, Project
Existing houses at Hoogeveen
250.000 Houses at 100% Main H, TSO Gas grid
250.000 Houses eq. at Mixture% Available 2025
100-200 K TON H,
needed
Best result
when
combined
with hybrid
heat pump




H, in Build Environment-outlook 2050 @

Hydrogreen H, Project consortium,

Market > 1 million Houses 2019 Berenschot 2 million H, houses is possible

CE Delft 1,2-1,7 H, houses - “Net van

de Toekomst”
“"Net voor toekomst update
. . 2020" scenario C” 20% of all

Stedin 38% of there > 2 million houses om Hydrogen a (D)
houses 60%
Aantal WEQ per optie (duizenden)
m HR-ketel
46
Hybride WP (buitenlucht)
643 Hybride WP (ventilatielucht)

1.224 Elektrische WP (lucht/water)

WKO
: 797 m CV-ketel biomassa
u Restwarmte
: m Geothermie
m HR-ketel op waterstof
= Hybride WP op waterstof

149

"
W

Noot: Definitie WEQ - woningequivalent: woning of 150 m? utiliteitsbouw



H, in Build Environment ¢

H2 Energy Price
®

Restrictions

The Hydrogen cost for house
owner should not being Higher
as National Gas price on MJ

TSO/DSO - ACM Permit
@

Network operator need ACM
permit to transport Hydrogen
under regulated business

AN

\

Access to the Gas grid and Hydrogen

Start in area of Energy hubs

Safety

The safety standard should be as
good as Natural Gas.

Implementation

There should be an
implementation plan to convert
from National gas network to a
Hydrogen network.



Hydrogen Network and projects

TS0 (Gasunie) involved in > 13 project
Upgrade Natural gas grid to Hydrogen for 2 GJ

-_—_—_—_—_—_—__ —
_— .
L -
—
—
_—

] ~ ~ %
DSO \
D30 (Cogas. Enenix, Liander, Rendo & Stedin) ~ 7’
involved in Hydrogen project Houses and P to X. _ - -
-
-
-

ACM

ACM doesn't accept Hydrogen as a Gas also

T8D/DS0 can't move forward.
Limit 0.0% HZ mixture is a legal problem

Financial business case en public acceptance

We need a price at Md for Hydrogen compatible
to Natural or Bio Gas .



Samenwerken aan waterstof:
nu stappen zetten voor 2025 en 2030

" 50-75GW in 2050
1 MW elektrolyse in Nederland g c e

« Waterstofleiding tussen Zeeland en de Deltaregio

« Beleidsvisie H2
« Exploitatiesubsidie opschalingsfase s500MW

« Uitrol Nationaal programma H2
« Implementatie RED Il (EU richtlijn)
» Certificering H2

« Besluit extra wind op zee voor H2

Nieuwe tenders
offshore wind voor H2

POLITIEK

60 MW elektrolyse | 200 MW SOOMW e

Nu 2020 2021 2022 2023 2024

BEDRIJFSLEVEN

« Opstarten nieuwe waardeketens
voor circulaire chemie en transport
« Eerste waterstofinfrastructuur binnen

Eerste investeringsbesluiten elektrolyzers




Green hydrogen production

4500
4000
3500
S 3000
2500
2000
1500
1000

Electrolyser capacity (MW
L
S

=

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

s Hydrogen Manifest (min) s Hydrogen Manifest (max) == Planned Projects



For more information, please contact: e | ' STDR|4
Willem D. Hazenberg EUR ING RI MBA - ' :
- @ Climate-KIC
Stork Asset Management Technology L . o s IR
Van Deventerlaan 121 s~ s | | - |
P.O. Box 2322 s e

3500 GH Utrecht
The Netherlands

T +31(0)620973851
E: Willem.hazenberg@stork.com
W: www.stork.com
LI https://www.linkedin.com/in/willemhazenberg



mailto:Willem.hazenberg@stork.com
http://www.stork.com/
https://www.linkedin.com/in/willemhazenberg

022224

Implementation in the neighbouring Vinex district of Erflanden is
the next step. As of 2022, the goal is to equip 1,100 homes with
green hydrogen as a sustainable source of energy.

39599




Activiteiten na ondertekening intentieverkiaring

Bewoners: Green Deal H2-Wijken Uitbreiding ketenpartners:

- Bewonersavond Erflanden 7 = = *Energie van Ons
- Bewonerssessies ¢ A
voorbereiding uitvoering

Voorlopig ontwerp:

* Distributienet

* Losstation en GOS

* Installatie nieuwbouw woning
* Inrichting voorkeurslocatie

Uitvraag rollen:

* Marktoriéntatie
waterstofleveranciers

* Marktconsultatie waterstof

CV-ketel _ _
fuéntnv:r:f:}i)en euro subsidie voor waterstofwijk Erflanden Om g evin g -en Verg unnin g en.
Pro . ect m an a em ent De gemeente Hoogeveen krijgt ruim 4 miljoen euro subsidie voor de ... "In L Q RA -_ Voorkeu rSIOcatIe
" Nederland is er een aantal projecten waarbij wijken overgezet ... . . .
. 9 '  Botsproef met veiligheidsregio
» Keten overzicht
Plannin en RUD
. g 6,5 ton van provincie Drenthe voor waterstofwijk Hoogeveen ® GGSpFEk 6|genaren -
i B USI neSS Case 6,5 ton van provincie Drenthe voor waterstofwijk Hoogeveen ... van een deel - e Voorke u rSIOcatI e
. = . van de al bestaande woningen in de naastgelegen wijk Erflanden.
* Risicodossier 9 S

&
Cazq
Green Deal H2-Wijken

ktische toepassing

Naar praktische toep: \g van waterstof als warmtevoorziening
inwoonwijken

Partijen:

1. DeMinister

3. De Minister




Next project phase

Wie

Hoe

Wat

Orientatie

Ontwikkel

Hydrogreenn
(22 partijen)

Gemeente Hoogeveen, NAM, Gasunie,
Energystock, New Energy Coalition,
RENDO

Voorbereiding

Gemeente Hoogeveen, NAM, Gasunie,
New Energie Coalition, Energie van Ons,
RENDO

Samenwerkingsovereenkomst

Intentieovereenkomst

Samenwerkingsovereenkomst

Voorloopstudie "Waterstofwijk,
Plan voor waterstof in
Hoogeveen; 2020¢

Omgevings- en vergunningsmanagement
Business case en investeringsbereidheid
Juridische kader

Rol en keteninvulling

Voorlopig ontwerp

Final Investment Decision zomer 2022.
Business case per partij

Definitief ontwerp

Onderlinge overeenkomsten
Vergunningen

Draagvlak bewoners

Realisatie

juli 2021




TIJDLIJN
SHORT-TERM




LONG-TERM
TIMELINE

DY) e ) me ) oo

—————— Hoogeveen is CO, neutral ———

First 1.5 million homes
disconnected from natural gas

7 million homes and 1 million buildings
disconnected from natural gas

—_

Gas production in
Groningen stops

2022




Planning Nijstad-oost

2021 2022

mei juni juli aug sept okt nov dec jan feb mrt apr mei jun jul aug sep okt nov dec
@) O @)

Final Oplevering

Investment
Decision

nieuwbouw
woningen

Samenwerkingso
vereenkomst
Projectorganisatie voorbereiding Bouwrijp maken Start nieuw
uitvoering bouw










START 2025 - WARMTEPOMP -30% INVESTERING

40000
Cumulative costs 2025-2040 Heat pump versus Gas-central heating and
S— Hydrogen-central heating boiler
Remeha topman: "Warmtepomp wordt
heus niet goedkoper'
ed ot house Natural
30000
gas
25000 -
Hydrogen
20000
15000 b s ik sl R e T
pl“"::""" S NG s TR e S A Mo o e Rk
10000
Heat pump - 30% investment , H-CV burner on 100% price 2020
5000 . Dutch Heat Pump Association (DHPE) expect up to 30% price
decrease in 2030.
0
2024 2026 2028 2030 2032 2034 2036 2038 2040 2042

===\ armtepomp systeemkosten Cumulatief H-CV ketel systeemkosten Cumulatief @ Aardgas CV ketel cumulatief



HOUSE AMOUNT AND
ENERGY LABEL

Tabel 1 Woningvoorraad naar energielabel, 2015

Sociale Particuliere Koopwoning Totaal

huurwoning huurwoning

BENG 8.800 47.200 52.600 108.600
A 208.300 129.400 632.600 970.300
B 393.500 92.400 451.900 937.800
C 763.900 184.900 1.310.400 2.259.200
D 532.400 147.900 677.800 1.358.100
E 254.600 101.700 451.900 808.200
F 115.700 83.200 406.700 605.600
G 46.300 157.100 406.700 610.100
Totaal 2.323.500 943.800 4.390.600 7.657.900

Bron: WoON 2015/ EIB

> Heat Pumps

Combination Hydrogen Boiler
and Hybrid Heat pump and
some basic isolation

will be the most attractive option.
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About me: Willem Hazenberg MBA EUR ING RI (Stork)

Senior Consultant Stork (AMT) Asset Management Technology

Stork Global Subject Matter Expert Hydrogen — Energy transition
Practor Hydrogen for Industry Drenthe College.

Chairman “HYDROGREENN” (HYDROGen Green Regional Energy
Economy Network Northern Netherlands)

Project manager & consortium lead Hydrogen city project Hoogeveen
Advisory Board member TKI Energy Human Agenda LC

Advisory Board member NEN Normalization platform Hydrogen
Advisory Board member (Supervision corporations) MBO Hydrogen
education

Advisory member Waterstof Booster EnTranCe.

Member expert team Future NAM renewable energy

M +31(0)6 209 73 851

E Willem.hazenberg@stork.com

W www.stork.com

LI https://www.linkedin.com/in/willemhaz
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