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IEA HIA Tasks Since 1977

Since 1977 the IEA HIA has approved 27 tasks.

Eighteen (18) tasks completed.  
Thereof more than half production related.  
A half dozen focused on techno-economic, engineering and 
market analysis.  
Remaining tasks associated with storage.   

Eight tasks in current portfolio covering topics in production, 
storage, analysis and safety activities in hydrogen.
Soon increase of number of tasks as two new tasks in the 
definition phase.



IEA HIA Tasks Since 1977

1. Thermochemical Production
2. High-Temperature Reactors
3. Potential Future Markets
4. Electrolytic Production
5. Solid Oxide Water Electrolysis
6. Photocatalytic Water Electrolysis
7. Storage, Conversion and Safety
8. Techno-Economic Assessment
9. Hydrogen Production
10. Photoproduction of Hydrogen
11. Integrated Systems
12. Metal-Hydride for H2 Storage
13. Design &Optimization Integ. Systems 
14. Photoelectrolytic Production
15. Photobiological Production
16. H2 from Carbon-containing mat.

Current Portfolio
18. Integrated Systems - II
19. Hydrogen Safety -II
21. BioHydrogen - II
22. Fundamental & Applied H2 Storage 

Materials Development
23. Small-Scale Reformers for On-Site 

H2 Supply (SSR for H2)
24. Wind Energy and H2 Integration
25. High Temperature Processes for H2

Production
26. Advanced Materials for H2 from 

Waterphotolysis
27. Near-Market Routes to H2 by co-

utilization of biomass with fossil fuel

17.  Solid & Liquid Storage Materials
20.  Hydrogen from Waterphotolysis



Hydrogen Implementing Agreement (HIA)
A collaborative research and development (R&D) program

Created in 1977 on a task-shared, “bottom-up” basis

Vision
A hydrogen future based on a clean sustainable energy supply of 

global proportions that plays a key role in all sectors of the economy

Mission
To accelerate hydrogen implementation and widespread utilization 
to optimize environmental protection, improve energy security, and 
promote economic development internationally while establishing 

the HIA as a premier global resource for expertise in hydrogen.

Strategic Framework

Strategy
To facilitate, coordinate and maintain innovative research, 
development and demonstration (RD&D) activities through 

international cooperation and information exchange



Mission: 
The mission of the IEA Hydrogen Program is to accelerate 
hydrogen implementation and widespread utilization.

Objectives:
Technology Objective: To promote acceptance of hydrogen as an energy. 

Energy Security Objective: Contribute to global energy security.

Environmental Objective: Exploit the environmental benefits of hydrogen.

Economic Objective: Develop cost-effective hydrogen energy systems that 
can compete in global markets.

Market Objective: Identify and overcome barriers for hydrogen's penetration 
into the energy and fuel markets.

Deployment Objective: Promote deployment of hydrogen technologies with 
important local and global energy benefits.

Outreach Objective: Advertise the benefits of hydrogen.
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Strategic Framework 2009 - 2014Strategic Framework 2009 - 2014



Analysis that Positions Hydrogen
for

Analysis that Positions Hydrogen
for

Technical progress and optimization
Market preparation and deployment
Support in political decision-making

Technical progress and optimization
Market preparation and deployment
Support in political decision-making

Collaborative R, D & D
that advances hydrogen Science and Technology

Collaborative R, D & D
that advances hydrogen Science and Technology

Hydrogen Production
Hydrogen Storage
Integrated Hydrogen Systems
Hydrogen integration in existing infrastructure

Hydrogen Production
Hydrogen Storage
Integrated Hydrogen Systems
Hydrogen integration in existing infrastructure

Hydrogen Understanding, 
Awareness and Acceptance
that foster technology diffusion 

and commercialization

Hydrogen Understanding, 
Awareness and Acceptance
that foster technology diffusion 

and commercialization
Information Dissemination
Safety
Outreach

Information Dissemination
Safety
Outreach

2009 – 2014 Themes2009 – 2014 Themes
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Theme:
Collaborative R,D&D

Portfolio:

HYDROGEN STORAGE



Better hydrogen storage methods

Hydrides

Nanoporous materials
Carbon-based
Microporous materials

Solid materials:

Compressed H2 (≤700 bar)

Liquid (20K)

a
b

c





Solid storage tank system development
- Outlook -



Challenges

Gravimetric and volumetric storage densities of storage material itself
and complete tank system

Safety

- What happens if tank components are damaged ?

Working temperatures compatible with envisioned applications

Reaction enthalpy compatible with env. apps.

Hydrogen uptake and release kinetics compatible with env. apps.

System design

- total energy efficiency

Costs



• High gravimetric storage capacity (7.6 wt.%) 

• Eights most frequent element on earth large reserves

Major drawbacks of MgH2 as storage material:

1. Past: Rather sluggish absorption and desorption kinetics

2. High stability of Mg-H bonds 

• High enthalpy of hydride formation

• High desorption temperatures

Challenges: Examples
Mg Hydride as H2 storage material



nanocrystallinity, catalyst, fine particle size breakthrough in kinetics
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Challenges: Examples
Mg Hydride as H2 storage material



peak desorption rate up to 100 kW/kg

max. 10 bar

no capacity loss after 1000 cycles

refuelling time 5 - 30 min heat transfer

Challenge :

Large reaction enthalpy (-75 kJ/mol H2) !

Desorption temperature  ≥ 200°C !

Strategies to Decrease Sorption 
Enthalpies of Mg-based Hydrides

fast kinetics achieved 
- further improvement not necessary

Challenges: Examples
Mg Hydride as H2 storage material



Reactive Hydride Composites (RHC)

+

+
H2 Gas

New Compound

Hydride I Hydride II

↕

P. Chen et al. (2002), 
G. Barkhordarian et al. (GKSS 2004), J.J. Vajo et al. (HRL 2004), YW. Cho (KIST 2004) 

+

+
H2 Gas

New Compound

Hydride additive

↕



Reactive Hydride Composites (RHC)

G. Barkhordarian et al. (GKSS), J.J. Vajo et al. (HRL), Y.W. Cho et al. (KIST)  (2004)

LiNH2 + 2LiH  ↔ Li2NH + LiH + H2 ↔ Li3N + 2H2

Mg(NH2)2 + 2 LiH ↔ Li2Mg(NH)2 + 2H2

P. Chen et al., Nature 420 (2002) 302-304.

T. Xiong, et al.,  J. Alloys and Compds. 398 (2005) 235-239.

MgB2 + 2 LiH + 4H2MgH2 + 2 LiBH4

MgB2 + CaH2 + 4H2MgH2 + Ca(BH4)2

MgB2 + 2 NaH + 4H2MgH2 + 2 NaBH4 ΔH = - 25- 35 kJ/mol H2
8.3 wt.%

ΔH = - 46 kJ/mol H2
11.5 wt.%!!

ΔH = - 64 kJ/mol H2
7.8 wt.%



Reactive Hydride Composites

LaNi5H6

FeTiH2

MgH2

NaAlH4

MgH2+Ca(BH4)2

MgH2+2LiBH4

MgH2+2NaBH4

Reactive Hydride 
Composites

High gravimetric storage
capacity
Favourable
thermodynamic
properties
Reversibility under
moderate conditions in 
case of borohydrides
Improvement of Kinetics
by additives (nucleation) 
and sample pre-treatment

Absorption at T ≥ 200 °C
Desorption at T ≥ 240 °C



Challenges: Examples
Total Energy Efficiency

Heat management in a metal hydride hydrogen storage device.



IEA HIA Tasks on Hydrogen Storage

Task 17 Operating Agent Gary Sandrock: winner of the inaugural IEA HIA Individual Prize



Current and proposed Tasks



Task 22:  Fundamental and Applied Hydrogen Storage Materials 
Development

December 2006-December 2009

20 HIA countries, 53 projects
Project types:   experimental, engineering, theoretical, safety
Classes of Materials:
• Reversible metal hydrides
• Regenerative hydrogen storage materials
• Chemical hydrides
• Nanoporous materials
• Rechargeable organic liquids and solids

OA:  Dr. Bjørn C. Hauback of IET

3 Targets:
Reversible or regenerative storage media
Fundamental & engineering  understanding
Storage materials for stationary apps



Task 22: Goals and Targets

Develop a reversible or regenerative hydrogen storage 
medium fulfilling international targets for hydrogen 
storage.

Develop the fundamental and engineering understanding of 
hydrogen storage by various hydrogen storage media 
that have the capability of meeting Target A.

Develop hydrogen storage materials and systems for use in 
stationary applications.



Task 22 Project Structure

Projects type:
Experimental
Engineering
Theoretical
Modelling (scientific or engineering)
Safety aspects of hydrogen storage materials

Classes of H-storage media:
Reversible metal hydrides
Regenerative hydrogen storage materials (chemical hydrides)
Nanoporous materials
Rechargeable organic liquids and solids



Collaboration –
a key to solve the storage problem

Nearly every project in T22 with active international collaboration.

Participation and interaction in meetings background for collaboration in regional 
(EU, Hy-Co, Nordic etc.), IPHE, COST, IAEA, other international and national 
projects.

Significantly contributed to collaboration between activities in Europe, 
America, Asia and Australia.
Efforts to include IPHE-countries Russia, China, India and Brazil.

Largest international co-operative efforts in this field.



Future of Task 22

In principal approved for 3 years extension (until end of 2012).

Continue to address development of new materials and fundamental
understanding.

Increased focus on hydrogen storage for stationary 
applications.

Specific project(s) addressing engineering issues (plan 
separate meetings linked to T22 meetings).

Also include opening for use of hydrides for other energy 
applications, e.g. metal hydride batteries.



Present and future tasks
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Theme:
Collaborative R,D&D

Portfolio:

H2 INFRASTRUCTURE 
& MASS STORAGE



Task in Definition

Large Scale Hydrogen Infrastructure and 
Mass Storage

Task in definition



www.ieahia.org

. . .  A premier global resource for technical 
expertise in Hydrogen RD&D

International Energy Agency Hydrogen 
Implementing Agreement  . . .


