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STORK DECARBONIZATION VALUE PROPOSITION – HOW WE PROECT THE ENVIRONMENT
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Who are the players?

8361 2021 FE Global Hydrogen Market 

Overview and What is driving it Joanne 

Sivanathan
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Korte terugblik / status tm vandaag!

Waar staan we nu? 

Biomassa en biovergisting Joren

Wind Ferry

Geothermie Willem / Rene

Waterstof Willem / Harnold

LNG / Bio LNG Rene

Opleidingen Harnold

 Subsidie Joren

STORK: Be the industry reference. Every day. Everywhere!



GREEN HYDROGEN,THE ENGINE FOR
FUTURE-PROOF LIVING.

Our vision for the future?

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

Heat Pumps

Combination Hydrogen Boiler and Hybrid Heat 

pump and some basic isolation will be the most 

attractive option.



Dutch Demand H2

CW Delft and McKinsey



WICKED PROBLEMS



From slogan to concrete in 4 years



Part of the EU HEAVENN 
project

Hydrogen Energy 
Applications for Valley 
Environments in 
Northern Netherlands

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 
on an innovative and constructive option for an 
alternative energy supply. We have joined hands on 
behalf of the government, higher education and the 
business world to form the Hydrogen District 
Hoogeveen consortium.



427 homes





ABOUT NIJSTAD-OOST
• Located just outside of Hoogeveen

• Formerly an industrial area for sand extraction

• Landscape development with a combination of 
innovative 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
1. An innovative hydrogen central heating system without CO2 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.

4. 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.



Social acceptance

Legal, Safety and 
standards (NEN)

Public acceptance

Landscape integration

Social acceptance 
business case /MKBA

Technology

H2 CV-burner, 
House

Fuel-cell house

Infrastructure

Measurements

Storage and 
Compression

External transport

Conversion / 
Production H2

Power plant

Plotplan

System test 
installation

Utilities

Fall-back scenario

Central process
control

SIL safety devices 
and controller

Implementation

Communication and
public acceptance

Report 
“Role of Hydrogen”

Project CAPEX –
OPEX/ financing

project 
implementation

Market Model

Role of Hydrogen

Project 
Management

Project Control

ORGANIZATION WORK PACKAGES



INITIATIVES RELATED TO HYDROGEN
ENERGY DEVELOPMENT

• A Green Planet hydrogen refueling station in the 
Hoogeveen municipality, near the village of Pesse.

• Functional from the end of 2019.

• 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
• Legal

• Public acceptance

• Landscape integration

• Social Acceptance Business case



SA LEGAL AND 
NEN CHALLENGE
• Legal frame work for Hydrogen is missing or 

how to fit Hydrogen in current regulation

• Items
• 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)

• Gains
• Affordable

• Sustainable

• Status in community

• Contribution

• Pains
• Cost for household 

• Concern about safety (20%)

• Technical feasibility



HOW GREEN SHOULD 
GREEN BE?
• H2 Production versus H2 application

• Solar – Wind – external grid with green power certificates

• Cost is an important driver for households, but 100% green is more 
expensive than 90% green ( CO2 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



Hydrogen Price forecast in Euro/kg, 
From 9 sources

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

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

Min/Max € 1,27 € 4,75 € 0,73 € 2,55

Gemiddelde € 2,72 € 1,43

Gemiddelde Min/Max € 2,17 € 3,4 € 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
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Price G-Gas versus Hydrogen for end user (homes) by 35.17 MJ/M3 Natural gas as reference price in Euro

Aardgasprijs consumenten H2 prijs gelijk aan MJ/M3 als aardgas

Natural gas price scenario:

• PBL - Nationale Energieverkenning 2017
– (Gas price 2010-2035)

• Tariff sustainable Energy storage ODE (2018-2023)

• Klimaat agreement gas price increase 2020-2029

Waterstof price construct:
• Start price 7 euro/Kg production
• Price en efficiency  as mentioned in (Hydrogen) “Waterstof Manifest 2018” for period 2020-2030



H2 PRIJS 7 EURO/KG 2020
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Cumulative costs 2020-2035 heat pump versus CV en H-CV Burner

Warmtepomp systeemkosten Cumulatief H-CV ketel  systeemkosten Cumulatief Aardgas CV ketel cumulatief

Heat pump

Hydrogen

Natural gas

• 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.

• 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

• 2018 TNO-DNVGL report - "In 2025 a production price should be possible between 2.40 and 2.70 euros 
per kg"

Starting Points

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

Investment Hydrogen CH boiler incl. Installation 2.500 Euro.

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

No WOZ or Insulation adjustment - power system

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



Wholesale price of natural gas 2023-2027

Source 2-5-2022:

Ontwikkelingen aardgasprijzen | Zicht op Energie

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


TECHNOLOGY CHALLENGE

• Gas quality

• Measurement

• Conversion

• Storage and Compression

• Infrastructure

• H2 Heater – House

• System test installation
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VO Phase 1:“primairy design” | in operations  | components

EHD koppelstuk
Bovengronds
Diameter: ..
Materiaal: ..
Druk:  <= 300 bar

Tube-trailer
Afmeting vrachtwagen: 40 ft
Inhoud: <= 800 kg
Druk tubes : <=300 bar

Afsluiter 
Massaflowmeter
Reduceer
Koppelpunt: 200 bar
Koppelpunt: 300 bar 

HD koppelstuk
Bovengronds
Diameter: ..
Materiaal: Staal
Druk: 80 bar

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

HD distributienet
ondergronds
Diameter: 160 mm (DN150)
Materiaal: PE100 – SDR11
Druk: 1<=normaal<=4 bar

LD distributienet
Ondergronds
Diameter: 160mm/110mm/63mm
Materiaal: PE100 – SDR11
Druk: 100 mbar

Aansluitleiding
ondergronds
Diameter: 32mm
Materiaal: PE80
Druk: 100 mbar

Reduceer: retrofit aardgas
Afsluiter: retrofit aardgas

Meter
Afmeting: 35cm*19cm*24cm

Binnenleidingen
Diameter: 22 mm
Materiaal: CU
Druk: >=25 mbar

CV
Afmeting: l*b*h
Druk: >=25 mbar

Opslag
Bovengronds
Horizontaal
Volume: 2 x 48 m3, 2 x 290 kg
Materiaal: ..
Druk: 80 bar

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

Afsluiter: retrofit aardgas

Afsluiter: retrofit aardgas

Drukmeter: ??
Afsluiter: retrofit aardgas

Geïntegreerde meterbeugel

Hoofdkraan: DN20, PE

Neusstuk: DN20, GOB

Drukregelaar: >=25mbar

Meterbeugel: GOB

Klantkraan: DN15, CU 22mm

Utilities – Power 

– Water –

Instrumentation 

air, Vents

Process 

control 

system-

Process Safety 

System 



TECHNICAL CHALLENGE 
QUALITY OF GAS
• Gas quality

• 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)

• Other Smell?

• Harmless for fuel cells?



Hydrogen Boiler
message H2-boiler - retrofit solution

CO2 - none

CO - none

NOx - much lower (reported reductions > 50%)

CAPEX - slightly higher

OPEX

maintenance - similar



TECHNICAL CHALLENGE 
MEASUREMENT
• 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

• What has to be the frequency of scanning?

• Should we measure flow of energy or heat transfer?

• 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



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.



TECHNICAL CHALLENGE 
HOUSES
• H2 Heater – House

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

• Thermal acoustic sound 
problem with higher flows?

• What is the internal house gas 
infrastructure quality?

• Cooking will converse to 
electric. 



IMPLEMENTATION 
CHALLENGE
• Communication and public acceptance

• Public website https://www.hoogeveen.nl/waterstof

• Project report

• Public Report Waterstofwijk 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

• Market model (for 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 PLANNING

TO PRACTICE

Installation, Infrastructure and Storage

at the demonstration project in the

new housing district Nijstad-Oost



WHAT WE ASK OF OUR
NATIONAL POLITICIANS
1. An open mind

2. The possibility of working together

3. Financial support

4. Room to innovate



Green Deal H2-wijken



CHALLENGES

CREATING A 
HYDROGEN 
FUTURE



45H2 in Build Environment
YOUR SUBT ITLE  HERE

2024- 100K H2 Burners on Dutch market possible

Main H2 TSO Gas grid 
Available 2025

250.000 Houses at 100% 
250.000 Houses eq. at Mixture% 

2021 First 100% H2 Project at Hoogeveen

2023 First 100% H2 Project 
Existing houses at Hoogeveen

100-200 K TON H2

needed

Best result 
when 

combined 
with hybrid 
heat pump



46H2 in Build Environment-outlook 2050
YOUR SUBT ITLE  HERE

2019 Berenschot 2 million H2 houses is possible

“”Net voor toekomst update 
2020” scenario C” 20% of all 
houses om Hydrogen a (D) 
60%

Stedin 38% of there > 2 million 
houses 

Hydrogreen H2 Project consortium,
Market > 1 million Houses 

CE Delft 1,2-1,7 H2 houses – “Net van 
de Toekomst”
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H2 in Build Environment
Restrictions

H2 Energy Price

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

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.

Access to the Gas grid and Hydrogen
Start in area of Energy hubs
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Hydrogen Network and projects

TSO (Gasunie) involved in >  15 project

Upgrade Natural gas grid to Hydrogen for 12 GJ

ACM

ACM doesn’t accept Hydrogen as a Gas also 

TSD/DSO can’t move forward.

Limit 0,5% H2 mixture is a legal problem

Financial business case en public acceptance

We need a price at MJ for Hydrogen compatible 

to Natural or Bio Gas .

DSO

DSO (Cogas, Enenix, Liander, Rendo & Stedin) 

involved in Hydrogen project Houses and P to X.
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Hydrohub 

Gigawatt 

Electrolyser 

3 * 100 MW 

electrolysers 1 * 100 MW  and 

1* 250 MW 

electrolyser 

1 * 50 MW  and 

1* 100 MW 

electrolyser 
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For more information, please contact:

Dr. Ir. Jack Doomernik MM

Stork Asset Management Technology
Van Deventerlaan 121
P.O. Box 2322
3500 GH Utrecht
The Netherlands

T  +31 (0)6 2025 1131
E  jack.doomernik@stork.com
W www.stork.com

For more information, please contact:

Willem D. Hazenberg EUR ING RI MBA

Stork Asset Management Technology
Van Deventerlaan 121

P.O. Box 2322
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


NEXT STEPS
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.



Activiteiten na ondertekening intentieverklaring

Omgeving - en vergunningen:

• QRA – voorkeurslocatie

• Botsproef met veiligheidsregio 

en RUD

• Gesprek eigenaren –

voorkeurslocatie

Bewoners:

• Bewonersavond Erflanden

• Bewonerssessies 

voorbereiding uitvoering

Projectmanagement:

• Keten overzicht

• Planning

• Business Case

• Risicodossier

Uitbreiding ketenpartners:

• Energie van Ons

Voorlopig ontwerp:

• Distributienet

• Losstation en GOS

• Installatie nieuwbouw woning

• Inrichting voorkeurslocatie

Uitvraag rollen:

• Marktoriëntatie 

waterstofleveranciers

• Marktconsultatie waterstof 

CV-ketel



Next project phase

Oriëntatie Ontwikkel Voorbereiding Realisatie

Voorloopstudie  "Waterstofwijk, 

Plan voor waterstof in 

Hoogeveen; 2020“

juli 2021

Gemeente Hoogeveen, NAM, Gasunie, 

Energystock, New Energy Coalition, 

RENDO 

Hydrogreenn

(22 partijen)

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

Wie

Hoe

Wat

Samenwerkingsovereenkomst Intentieovereenkomst Samenwerkingsovereenkomst

Gemeente Hoogeveen, NAM, Gasunie, 

New Energie Coalition, Energie van Ons, 

RENDO 



https://webgis.gegevensknooppuntgroningen.nl/Viewer.aspx?map=Energiekansenkaart



2022



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

Start nieuw 

bouw

Bouwrijp maken

Planning Nijstad-oost

2021 2022

Samenwerkingso

vereenkomst
Final

Investment 

Decision

Oplevering 

nieuwbouw

woningen

Projectorganisatie voorbereiding 

uitvoering 



INNOVATIVE PLANS? 
WE’RE READY. 
ARE YOU?



BACK-UP SLIDE



START 2025 – WARMTEPOMP -30% INVESTERING
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Cumulative costs 2025-2040 Heat pump versus Gas-central heating and 
Hydrogen-central heating boiler

Warmtepomp systeemkosten Cumulatief H-CV ketel  systeemkosten Cumulatief Aardgas CV ketel cumulatief

Heat house

Hydrogen

Heat pump - 30% investment , H-CV burner on 100% price 2020

Natural 
gas

• Dutch Heat Pump Association (DHPE) expect  up to 30% price 
decrease in 2030. 



HOUSE AMOUNT AND 
ENERGY LABEL

Heat Pumps

Combination Hydrogen Boiler 

and Hybrid Heat pump and 

some basic isolation 

will be the most attractive option.



Hoogeveen – Nieuws in India
Link 9/21

https://fuelcellindia.in/september-edition/
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Practor Hydrogen for Industry Drenthe College.
Chairman “HYDROGREENN” (HYDROGen Green Regional Energy 
Economy Network Northern Netherlands)
Project manager & consortium lead Hydrogen city project Hoogeveen
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