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The role
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Production, 
technologies
and applications
Today
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9 December



 

WEBINARS HYDROGEN: HOW DOES IT WORK?

› Ask questions by using the button 
below at right bottom in the video 
screen

› Questions that are not answered are 
answered later.

Hydrogen
H2



 

1.WHAT TECHNOLOGY
IS/WILL BE THE MOST 
PROMINENT

Depends on policy

Depends on context

Depends on research

Depends on belief

Presenter
Presentation Notes
depending on policy–depending on research-depending on context-depending on belief



 

HYDROGEN SPEAKERS

› Rogier Elshout – moderator

› Lennart van der burg - Business 
Developer Hydrogen and Synthetic 
Fuels at TNO

› Roel de Natris - Project Manager/ 
Consultant Automotive at TNO

Hydrogen
1.00794
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1.ANSWER WHAT TECHNOLOGY
IS/WILL BE THE MOST 
PROMINENT

Depends on policy

Depends on context

Depends on research

Depends on belief

Presenter
Presentation Notes
depending on policy–depending on research-depending on context-depending on belief



 

HYDROGEN PRODUCTION

Presenter
Presentation Notes
Innovation for life. That's what TNO stands for. TNO links people and knowledge to create innovations which strengthen the competitiveness of companies and the welfare of society in a sustainable way. 



 

CURRENT PRODUCTION & 
DEMAND WORLDWIDE 
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Source: IEA 2019.

Presenter
Presentation Notes
Notes: Other forms of pure hydrogen demand include the chemicals, metals, electronics and glass-making industries. Other forms ofdemand for hydrogen mixed with other gases (e.g. carbon monoxide) include the generation of heat from steel works arising gasesand by-product gases from steam crackers. The shares of hydrogen production based on renewables are calculated using the shareof renewable electricity in global electricity generation. The share of dedicated hydrogen produced with CCUS is estimated based onexisting installations with permanent geological storage, assuming an 85% utilisation rate. Several estimates are made as to theshares of by-products and dedicated generation in various end uses, while input energy for by-product production is assumed equalto energy content of hydrogen produced without further allocation. All figures shown are estimates for 2018. The thickness of thelines in the Sankey diagram are sized according to energy contents of the flows depicted



 

SIZE OF COMPLETED 
PROJECTS WORLDWIDE 

230 projects 9 projects

Source: IEA 2019.

Presenter
Presentation Notes
There has been a surge in projects for producing hydrogen for energy and climate purposes inrecent years. Since 2000 around 230 projects have entered operation around the world to convertelectrical energy to hydrogen for a range of energy and climate applications (Figure 4). The capitalcosts of the water electrolysers commissioned in 2017 and 2018 represent investment of aroundUSD 20–30 million per year, and associated investments in storage tanks, refuelling infrastructure,pipework and other equipment push total project investment even higher. Among these projects,both alkaline and proton exchange membrane (PEM) electrolysers are commonly used: recentprojects have tended to favour PEM, possibly reflecting the fact that many of them testenvironments for less mature technologies that have high potential for cost reduction. Solid oxideelectrolyser cells, which promise higher efficiencies, are also beginning to enter this market. Todate, electrolyser sizes for these installed projects have been no higher than 10 megawatts (MWe)(with modules of 2–4 MWe), and generally much smaller. However, a 20 MWe project is currentlyunder construction and several project proposals are above the 100 MWe milestone. A number ofthe projects have demonstrated the further conversion of hydrogen to synthetic methane,methanol, ammonia and other hydrogen-based fuels and feedstocks.Since 2000 nine facilities have begun capturing the CO2 from fossil fuel-based hydrogenproduction for industrial applications, although the next such projects are not expected to start forseveral years. During this period turbines have also been developed to burn 100% hydrogenproduced from coal gasification with CCUS. Most of these projects are in North America, but thereare also examples in France, Japan and Abu Dhabi. While some sell the captured CO2 for industrialuses, most store it underground, either via enhanced oil recovery or dedicated geological storage.While most of these projects received direct public support, including from research budgets, theyinvolve public- and private-sector partners who have shown the technologies to be effective andhave learned much about how to manage project risks and contractual considerations. Manystakeholders today share the opinion that technologies such as fuel cells, water electrolysers,hydrogen refuelling and hydrogen turbines are now mainly waiting for large-scale demand andstandardisation and not further technological development. Fuel cell costs, in particular, areexpected to greatly benefit from mass manufacturing (Chapter 5).Development of blue hydrogen as a transition solution also faces challenges in terms of productionupscaling and supply logistics. Development and deployment of CCUS has lagged compared to theobjectives set in the last decade. Additional costs pose a challenge, as well as the economies of scalethat favour large projects. Public acceptance can be an issue as well. Synergies may exist betweengreen and blue hydrogen deployment, for example economies of scale in hydrogen use or hydrogenlogistics.



 

ELECTROLYSER
STACK

Alkaline

PEM

SOE AEM
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2.3 MW and 50 KW



  

BIGGEST CHALLENGES 
OF ELECTROLYSIS 

Reducing costs

Industrialization

More Renewable electricity

Scarce materials

Efficient

Low CostDurable

B
A
C

Key objective of our R&D:
Reduce cost of components 
while maintaining durability

A. Decrease membrane thickness
B. Operate at higher temperature
C. Use lower catalyst loadings

Presenter
Presentation Notes
Develop novel materials for PEM electrolysis to lower CAPEX towards 300 EU/ KW. �Cost reduction of the SOE system to <1000 €/kWSufficient operating life-time (> 80,000 hours) Upscaling of SOE technology towards multi-MW systems and integration with industry�Technology development TRL 2 TRL 4�Techno economic analysis and sector coupling�Technology development TRL 3 TRL 6



  

RESEARCH AND 
TEST FACILITIES 

Faraday lab

(Re)opening Q1 2020

Hydrohub

Opening Q2 2020

Presenter
Presentation Notes
Faraday lab		Small cell research and screening Materials and components (membranes, electrodes, catalyst)Develop novel (low-cost) materials, architectures and componentsCell architecture and operationFundamental research on degradation and material propertiesElectrochemical in-situ testing toSuitable for:ElectrolysisFundamental membrane propertiesOhmic resistance and protective coatingsCurrent collector design and materials Hydrohub		Large scale researchElectrolyser, transformer, compressor and process designVerify small-scale screening results (upscaling, durability)Understand potential and limitation in scale- up (e.g. mass, flow, heat management, power density )Develop novel stack designs (e.g. low cost separator, mechanical engineering)Monitoring: gas and water purity, cell voltage, temperature)Operating strategiesStack design vs performance and cost 



 

2.WHICH PARTNER IS 
CRUCIAL FOR UPSCALING
ELECTROLYSIS

Electrolyser manufacturers

The industry who need hydrogen  

Government 

All partners in de supply chain



 

VIDEO FARADAY: TNO 
RESEARCH FACILITY WITH
JOINT INNOVATION
PARTNERS



  

DEVELOPING THE SUPPLY CHAIN 

Systems
integration

Stack
Manufacturing

MEA
provider

Sep. Plate
Manufacturing Electro Catalyst

Current Collector

…

H2
End-user

Hydrogen
producer

Renewable 
electricity 
producer 

Infrastructure 
operator 
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Become place-to-be for testing & characterization of components, cells and stacksCo-develop innovative components with industry (FujiFilm, Magneto, Solliance/Host)Develop facilities, knowledge and consortia to co-develop roll-to-roll MEA fabricationAccelerate innovation by developing highly innovative break-throughs (TNO owning IP)Become the “experts-to-go-to” on PEMWE technology for end-users and others



 

2. ANSWER WHICH PARTNER IS 
CRUCIAL FOR UPSCALING
ELECTROLYSIS

Electrolyser manufacturer

The industry who need hydrogen

Government 

All partners in de supply chain



 

HYDROGEN IN TRAFFIC, 
TRANSPORT AND MOBILITY



 

3. WHEN WILL IT BE SCALED 
UP IN LOGISTICS

2025

2050

2035

>2050



 

WHY HYDROGEN VOOR HEAVY TRANSPORT?

Waterstof Vrachtauto

Presenter
Presentation Notes
2050: nieuwe voertuigen moeten zero emission zijnZero emission : keuze tussen elektrisch en waterstofHD heeft relatief veel energie nodig uit een lichte energiedragerWaterstof voldoet aan deze eisenVanuit economisch oogpunt (kosten chauffeur) is “tanken” in een korte tijd belangrijkWaterstof voldoet ook aan deze eis: 10 – 15x sneller “tanken” t.o.v. batterij elektrisch voertuigWaterstof is de meest efficiënte route van groene elektriciteit naar energie drager. 



 

SAFETY

Tank designers and inspectors run a multitude of tests in laboratories to ensure safety
H2 tanks pass extremely demanding testing

Burst test Bonfire tests Crush test
150 t force (Power-tech)

Gunshot test
(tested at Powertech1)

1Armour-piercing 7mm test according to UN Technical Regulation

Mirai complies with all U S. and international vehicle safety standards

Waterstof Vrachtauto

Presenter
Presentation Notes
2050: new vehicles must be zero emissionZero emission: the choice between electric and hydrogenHD requires a relatively large amount of energy through a light energy carrierHydrogen meets these requirementsFrom an economic point of view (driver's costs), refuelling is important in the short term.Hydrogen also meets this requirement: 10 - 15 times faster refuelling compared to battery electric vehiclesHydrogen is the most efficient route from green electricity to energy carrier 



  

CONFIGURATION

Waterstof Vrachtauto

Presenter
Presentation Notes
Voordeel van waterstof: het is lichtZelfs in gecomprimeerde vorm neemt het relatief veel ruimte in beslagRuimte gaat ten koste van de betalende vracht van een commercieel voertuigOplossingsrichting naar innovatieve opslagmethode in vaste vorm en bij nog hogere drukPlaatje van H2 tank op voertuig



 

3. ANSWER WHEN WILL IT 
BE SCALED UP IN LOGISTICS

2025

2050

2035

>2050



  

2016 Bus Stack Cost and Total System Cost
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Waterstof Vrachtauto

Presenter
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Kosten zijn: fuel, fuel cell, infrastructuur Kosten kunnen bespaard worden door gebruik te maken van dezelfde technieken binnen verschillende sectoren (personenwagen en vrachtwagens)Kosten besparen door gebruik te maken van minder schaarse materialen Opschalen van productie volumesOptimalisatie van het complete system (aandrijflijn, infrastructuur) verlagen de kosten Levensduur optimalisatie Robustheid 



  

FUEL

Space requirementsRefueling speed
KM/15 minutes of refueling

Investment costs per refueling
EUR/refueling|

Waterstof Vrachtauto

Presenter
Presentation Notes
Kip – ei uitdagingSpeelt in mindere mate bij “rondje rond de kerk”Speelt in grotere mate in internationaal vervoerEr dient meer geinvesteerd te worden in de infrastructuurPilot projecten kunnen belanghebbende bij elkaar brengen



  

INFRASTRUCTURE

Waterstof Vrachtauto

Presenter
Presentation Notes
Kip – ei uitdagingSpeelt in mindere mate bij “rondje rond de kerk”Speelt in grotere mate in internationaal vervoerEr dient meer geinvesteerd te worden in de infrastructuurPilot projecten kunnen belanghebbende bij elkaar brengen



 

4. WHICH CHALLENGE IS 
MOST CRITICAL FOR 
TRANSPORT?

Clarity about depreciation of the 
hydrogen components

Unrolled infrastructure

TCO (price) 



  

IMPACT PROJECT –
H2SHARE

Rigid with H2 Range extender

Waterstof Vrachtauto

Presenter
Presentation Notes
Primary partners are VDL ETS (The Netherlands), Wystrach (Germany), VDL Bus Chassis (The Netherlands), Automotive NL (The Netherlands), TNO (The Netherlands), Hydrogen Europe (Belgium), e-mobil BW (Germany), and WaterstofNet (Belgium). Associated partners are Deutsche Post DHL Group (Germany) & DHL International BV (The Netherlands), Ministry of Infrastructure and Water Management (The Netherlands), BREYTNER BV (The Netherlands), CURE (The Netherlands) and Colruyt Group (Belgium). Subpartners are the Municipality of Helmond (The Netherlands), VIL (Belgium), provincie Antwerpen (Belgium), Provincie Noord-Brabant. 



 

4. ANSWER WHICH 
CHALLENGE IS MOST 
CRITICAL FOR TRANSPORT?

Clarity about depreciation of the 
hydrogen components

Unrolled infrastructure

TCO (price) 



 

TO REMEMBER

Hydrogen for mobility has the greatest 
potential in heavy-duty vehicles

Hydrogen safety in vehicles has been 
extensively investigated

Transition is set in motion by creating supply 
and demand

Waterstof Vrachtauto



 

FUTURE AVIATION FUELS

Presenter
Presentation Notes
Innovation for life. That's what TNO stands for. TNO links people and knowledge to create innovations which strengthen the competitiveness of companies and the welfare of society in a sustainable way. 



 

5. WHAT IS NEEDED TO 
KICK START THE FUTURE 
AVIATION FUELS? 

Subsidy

A mandate

Tax fossil

Technology development

Presenter
Presentation Notes
ubsidietax fossilscale upelectricity cheape



  

AVIATION
HOW TO PRODUCE SYNTHETIC FUELS? 

Carbon stream (eg.
Biomass, air or flue 

gas)
Production or 

separation

(CCU, biomass, DAC)

Synthesis of fuels

(Fischer-Tropsch or 
DME, product 

upgrading)

Production

(Electrolysers
PEM/SOE)

Green
Electricity and H2O

CO2 neutral Synthetic Fuels

H2CO2/CO



 

5. ANSWER WHAT IS 
NEEDED TO KICK START THE 
FUTURE AVIATION FUELS? 

Subsidy

A mandate

Tax fossil

Technology development

Presenter
Presentation Notes
ubsidietax fossilscale upelectricity cheape



 

INDUSTRY PROJECTS

Presenter
Presentation Notes
Innovation for life. That's what TNO stands for. TNO links people and knowledge to create innovations which strengthen the competitiveness of companies and the welfare of society in a sustainable way. 



 

6. HOW TO IMPROVE BUSINESS 
CASE OF ELECTROLYSIS IN THE 
INDUSTRY

.

.

Lower electricity price 

System integration

CAPEX reduction 

Higher H2 selling price

Presenter
Presentation Notes
ubsidietax fossilscale upelectricity cheape



  

COSTS (1/2)
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Impact of investment
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Electrolyser costs (CAPEX)
Electricity costs (OPEX)

Investment cost
Depreciation
O&M
Electricity price
Operating hours
Efficiency

1000 M€/kWh 
15% /year
2% /year
50 Euro/MWh 
8000 hours
60%

Base case (BC)
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COSTS (2/2)

and

80
00

Increase profit 
Multiple H2 markets 
Value of flexibility 
Value of oxygen 
Value of heat 

Cost reduction
Stack 
Balance of plant and system 
Smart contracts with offshore wind 

Operational hours per year
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Cost of the alternative (low-carbon hydrogen), CO2 ETS price



 

6. ANSWER HOW TO 
IMPROVE BUSINESS CASE  
ELECTROLYSIS IN INDUSTRY?

.

.

Lower electricity price 

System integration

CAPEX reduction 

Higher H2 selling price
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ubsidietax fossilscale upelectricity cheape



  

H2 IN STEEL INDUSTRY 

Low-carbon smart technologies (+CCS)

• Process integration
with redused use of 
carbon

• HISARNA

• CCU using CO/CO2 
from steel mill as raw
material

• SEWGS,Carbon2Chem, 
FReSME, 
Steel2chemicals, SOE,

Pathways

Description

Key projects

Carbon Direct Avoidance (CDA)

• Production of H2 to replace
carbon

• HYBRIT, H2FUTURE 

Presenter
Presentation Notes
Efficiënte afvang CO2 uit hoogoven afgas via Sorption Enhanced Water-Gs-Shift (SEWGS); shift CO uit hoogovengas met stoom (H2O) naar CO2 en H2, en onttrek CO2 aan gasstroom. Mogelijkheid om CO en H2 rijk gas te maken (syngas) voor chemieVoorkom CO2 productie; efficiënte waterstofproductie via elektrolyse voor waterstofgebaseerde staalproductieprocessen.



  

H2 CO-ELECTROLYSE

Hot CO2 source Hot gas treatment Solid Oxide Electrolyzer Cell
(SOEC)

Steam H2O

O2:

Useful for oxy-driven 
processes of steel and 
cement industry!

Syngas:

Starting ingredient for 
new chemical products 
such as fuel

Hisarna TATA
Steel

Direct capture /
Oxy-combustion 
Cement clinker plant

Other hot CO2 processes 800-900 ℃

  



 

COLLABORATING ON THE ENERGY 
TRANSITION IS CRUCIAL 



 

WEBINARS HYDROGEN

› Please fill in the evaluation visible on your screen 

› View the webinars on demand and sign up for the next webinar: www.tno.nl/hydrogen

› 9 December 15.00 (English): The Netherlands the international hydrogen hub?
Spreakers: Noé van Hulst (National Hydrogen Envoy), René Schutte (Gasunie), René 
Peters (TNO)

› Visit and participate in TNO’s hydrogen breakout session at het European Industry and
Energy Summit (EIES) in Amsterdam 11 december 2020



 

THANK YOU FOR
YOUR
ATTENTION
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Presentation Notes
Innovation for life. That's what TNO stands for. TNO links people and knowledge to create innovations which strengthen the competitiveness of companies and the welfare of society in a sustainable way. 
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