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Overview of |IEA Integrated Systems
Project (Task 18)

Timeline

Project start date:
January 1, 2004
Project end date:
December 31, 2009
Percent complete: ~50%

Budget

Total project funding
— DOE share: $500K

— Contractor co-share: contributed labor
(~$100K)

— International partners: 36 FTE
Funding received in FY06: $70K
Funding for FY07: $125K

Barriers Addressed from MYPP

* Tech validation
— Storage
— Hydrogen Refueling Infrastructure
— Codes and Standards
— Hydrogen from Renewable Sources
— Hydrogen and Electricity Co-Production

» Safety, codes and standards

— Conflicts between domestic and international C&S
— Large Footprint requirements for hydrogen fueling stations

» Systems analysis

— Lack of consistent data, assumptions and guidelines
— Lack of consensus on modeling tools

Partners / Collaborators

* International Energy Agency, Hydrogen
Implementing Agreement

Task 18 members:
* Eleven countries
» European Commission

« Sandia National Laboratories (Lutz,
Stewart)
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Participants of IEA Hydrogen Task 18

Canada

Natural Resources Canada

Japan
AIST Laboratory

Italy
ENEA

I | [celand
B/ [celandic New Energy

I France
CEA

The Netherlands
ECN

New Members: Austraila, Germany, Greece, New Zealand, Taiwan

European Commission
Joint Research Center

e s Norway
IFE
Spain
INTA

_I_ Sweden
EO.N.

L\‘_I_VA United Kingdom
7ZRwN EA Technology

United States
Department of Energy

_I_ Denmark
Gas Technology Center
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Objectives of IEA Hydrogen Task 18

*Operate international working group to address
hydrogen technology integration in member
countries.

Establish database of international hydrogen
development activities, capabilities and
demonstrations

Evaluate hydrogen systems performance, cost,
safety, and Codes and Standards permitting policies

*Participate in the International Energy Agency study:
“Where will the hydrogen come from?”
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Approach => Collaboration

Members of IEA Hydrogen Implementing Agreement Task 18
work collaboratively within three subtasks:

— Subtask A: Information Base Development
— Subtask B: Demonstration Project Evaluation
— Subtask C: Synthesis and Lessons Learned

U.S. DOE Sponsors the Operating Agent; Subtask Leaders
are sponsored by Canada, Norway and the Netherlands

Members/experts meet twice per year to review progress;
ongoing collaboration is carried out electronically

Members deliver progress reports annually



Approach => Collaboration

Subtask A: Members Responsibilities:

Deliver to searchable web portal national studies and requested data

Subtask B: Members Responsibilities:

Work as a group to establish a list of desired data for each project

Bring to the group data from that country's project

Clarify with the data provider any limitations on data release or use

Make use of appropriate modeling & analysis tool for selected projects

Provide assessments & evaluations of the project based on the analysis results

Subtask C: Members Responsibilities:

Contribute Case Studies
Synthesize Lessons Learned
Provide input on status of integration



Technical Accomplishments/
Progress/Results

Subtask A: Database contains over 200 documents
— Includes Hydrogen resources database

Subtask B: Analysis of 7 demo projects completed:
— Spain - Fuel Cell Research Project for Telecommunications
— UK - Hydrogen and Renewables Integrations (HARI) project
— Sweden - Malmo bus refueling station
— Japan - Reversible fuel cell system
— lceland - Bus refueling station
— US - combined fuel and electricity system
— Canada - vehicle refueling station

All assessments include documentation of safety, codes and
standards, and permitting requirements

Case studies: 3 completed within the last year

— Hydrogen and Renewables Integration project (UK)
— H2 Truck (Denmark)
— PEM Fuel Cells in Real Conditions - EPACOp (France)
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Subtask A: Information Base

National plans

Demonstration progress
Hydrogen resources

Vendors
Utilization rates

Geographic information
Refueling projections

Costs
Infrastructure

Codes and Standards

Economic analysis

Dev

Annex 18 website: Searchable portal

Integrated

Hydrogen Systems

elopment

Subtask "A" Web Site

Home

{EA Annex 18- Integrated Hydrogen Systems

Canadian Porial: Subtask A
® Services Mif inc, 2664

Hatural Resources Canada is contributing financially to this activity

B A eo0

[

I

Quick Launch

# shared Documents
2 General Discussion
A Tasks

Search Documents

?Go

Events Add new event

i 2004-03-01 09:00 International Energy Agency - Annex 18

8 Kick-off meeting
Annex 18 was approved at the fall
meeting of the Executive Committee in
Paris in October, 2003, The Annex will
run from 1 January 2004 through 31
Decernber 2006, with extensions possible
by consensus. A kick-off meeting will be
held with experts in Las...

Announcements &dd new announcernent

: Welcome to your new IEA-Annex 18
: - subtask "A" web site!

. by port-hz

{ You can use this site to share information with participants
¢ in subtask & of Annex 18, To add a new announcement,

. click "Add new announcerment” above,

2004-02-02 15:35

Bystein is a pround father since
i January 4, 2004

¢ by port-hz

. @ystein Ulleberg and his wife are the very proud parents of
¢ anew baby boy,

2004-01-29 07,50

Dr. Felipe Rosa

" by port-hz 2004-01-22 12:10
Congratulations to Mr. Felipe Rosa who is now to be

eferred to as Dr. Felipe Rosa. Indeed, since December 19,
: 2003, Felipe received his Ph.D. degree "cum laude",

Contacts

Last Marme First Busingss E-rail Address
Mame  Phone

&dd new itern

Alkai Makato m.akai@aist.go.jp
Degroot  Arend a.degroot@ecn.nl
Dubé Jean 418- mijinc@globetrotter.net
289-
3554
Teiri ruji tdd33z@enaa.or.jp
Maack Maria  +354 maria.maack@newenergy.is
585 03
10
Fadrao Cathy padro@lanl.goy
Gregoire
Ridell Bengt Bengt.Ridell@carlbro.se
Schoenung Susan  650- Schoenung@aol.com
329-
0845

Schucan  Thomas

Ulleberg  Oystein +47
(637 80
63 G4

thomas.schucan@span.ch
oysteinu@ife.no

Links add new link

Services Mij Inc - Energy
information and developrnent

FEE

o
LZJ
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Subtask A: Information Bases

Task 18 (Private) = s - Public Site

Subtask C
(initially private)

Case Studies

External Links

Subtask A (Private)

Subtask B (Private)

National Documents (going public)

National Projects

National Organizations

HySocietyTechnology Database

Hydrogen Production (Resource Study

—

New information bases proposed




Subtask A — Information bases

Current Postings in Subtask A Information Base

200 postings on National Documents sub website:
. 118 Searchable summaries
. 24 |IEA Case Studies in Word format

105 National Organizations

25 National Projects

Links to external databases and websites

This password accessible website contains 426 Megs of
information, has received 3443 visits and 10,495 pages have
been examined.

National Documents Sub-Website went public December 31, 2006,

through link on public website.
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Task 18 Project Portfolio

Country Project s Location Modeling focus Evaluation status
Refueling Stations
Sweden Hyd rog en filling station (re Ma Im[] Syst em sizing Compl ete
grid/electrolysis)
Iceland Hyd rog en filling station (gr id/electrolys is) Reyk javik Electrolyzer Compl ete
performan ce
Canada Hyd rog en filling station (gr id/elec tro lys is) Vancouver Compre ssor In pro gress
performan ce
Grid-connect ed or stand-alone power syste ms
Spain PV/ MH- telecom show cas e (RE) Ma drid Stora ge sizing Compl ete
Japan Rege nera tive PE M FC-po wer sys tem Aichi St ora ge th ermal Compl ete
(grid) control
UK RE/H2-pro ject Lough boro ugh Economi c Compl eting
performan ce
Italy Hyd rog en from the Sun Brunate Syst em efficie ncy Phase 2
Combinedfuel and elect ricity generation
USA Hyd rog en ener gy /refuelling station (NG) Las Vegas Syst em Compl ete
performan ce
USA Hydrog en pow er park (RE) DTE or HI Perform ance, Phase 2

€co nom ics

Infrast ructured emonstrat ions

Denmar k

Naturalga s/ hydro genp ipel ine, boiler

Cope nhag en

Ec onomi cs

In ne gotiation

Residential heat

an dp ower

Fran ce Building f uel cell e valua tion 5 sites Fuel cell / syst em Case Study
performan ce

Other Potential P hase2p rojects

New Z ealand Renewabl e hydro gena t remo te site Totara Valley Rene wabl es Phase?2
integra tion

Spain Rene wabl e hy dro gen for de salination Canar yls lan ds Syst em sizing and Phase?2

plant optimization
Germa ny Refueling station Mu nich or Berlin Station sizing and Phase?2

€co nom ics
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* RE/H, System Simulation

Model Library

Wind

PV

HYDROGEMS

N
o |

HYDROGEMS
HYDROGen Energy ModelS

Photovoltaics

Desigh &

Controls
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Wind Turbines

=
.bm
I
r
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Fuel Cells

H, Gas Storage

Electrolyzer

Fuel Cell
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Metal Hydrides

Batteries

Compressors

Diesel Engine

Power Conditioning

NV E e D

Diesel Engines

www.hydrogems.no

13




Electricity

Cooling Water

Hydrogen Station Simulator

Hydrogen Station Simulator
Electrolyzer & Compressor System

Transformer Rectifier
, /
Demiﬁter Demister
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J - tina = 144] 0]
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Integrated H, System, Takasago, Japan

WE (H, production rate: bbbl E—
: proooses Load
0
. b e |
Humidifi :
Pwitchind umidifier o Conge\nser |
E, j | E s o % - | xhaustive
Water | 3 vent I |H2 Flowmeter | Ha
WE 2 (3Nm?®/h) o .
| Dehumidifier | | | N ( i ) A~ -
—— | I | — - | ' =r Exhaustive
_______ § 1% ____L___ 42
______________________ rt——k——|4- _I
I -

Cooling
==  unit

Cooling water cooling water
Heat recovery )

| 3-MH tanks
[Total MH 630kg)

— — g ——— —— —

Hydrogen Strage sy Cooling unit

Unit (Exhaust heat
(VLA LI M Cooling water (Exhaust heat recovery @ | | = recovery )
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Integrated H, System, Takasago, Japan

Design parameter [2] * Hydrogen storage capacity
(WE operating pressure) during WE operation

Absorption
Iinei\\

1MPa >

Design parameter [3]
(MH characteristics)

o
¢ o \ 4
g - : \\ A Hydrogen
- \\\ Efés orption absorption / desorption
SO capacity during
0.1MPa Fe Operat'"g PressureN "\ WE / FC operation
SN S

. I L] N \
S é!:!' )
d ™ e AN
i

Temperature distributipn Design parameter [1]

within MH tank

(Heat exchange

A A performance)
Cooling colq 1emperature 1/T
Water Water
Inlet Inlet

Obijective: to optimize Metal hydride storage thermodynamic performance
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“Hydrogen from the Sun”
Ecological house in Brunate, Italy

6.7kW High pressure / - /
alkaline electrolyser Loso ansgort syt
— Produces 1NM3/hr H, e [ N -
at 200 bar _ _ ool [ |
5KW PEM fuel cell e
3000Ah battery - -
30Nm3 Hydrogen N
stored in metal hydride st

120Nm? Hydrogen in
storage cylinders

11kW peak power
available from photo-
voltaic panels

-
-




Control Systems/Load Management

Pseudo-steady-state model developed

Simple control strategy for fill and empty metal hydride storage

required

Implemented an if-else based strategy to manage loads and power
— Look up table based

distribution
Other options
— Open loop test model -
— Closed loop PI control Y
components

— Digital Boolean logic
L4

Information to be
visualized




Phase 2 Analysis: Mahgreb-Europe

Ve Al o=y

ALALASS TS
F Vi 4 L
S LA A

VD, 5
| r / {J," // // -‘/" f’/'_// /}‘_.-
MAURITANIA CHA A PSS S
4 e op i 4 b
| MALI XA /
L LSS A
‘ S NIGER |
Z

Objective: to optimize system size and delivery options
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Significant Outcomes of Subtask B
System Studies - Optimization for the Future

H,-refueling stations
Expanded service scenario, to 100-200 buses (Malmo)
Expanded service, to include more vehicles (Reykjavik)

Compressor / dispenser component study; model improvement
(Vancouver)

Integrated RE/ H,-energy systems

Metal hydride storage optimization (Japan)
Techno-economic system design study (HARI, UK)
Control strategy optimization (ltaly, US, New Zealand)
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Spin-off Benefits of Task 18 = Success

1. Optimization of hydrogen systems for the future.

2. Bilateral agreement / project between Norway and Japan on metal hydride
storage and thermal control. “Wouldn’t have happened if we hadn’t held a
meeting in Tokyo.”

3. Joint project on hydrogen powered ship demonstration is being developed
between Iceland and Scotland. A direct result of our meeting in Glasgow.

4. Compressor modeling capability improved by IFE working together with
Sandia personnel.

5. Spain: “Thanks to Spanish participation in Annex 18 of Hydrogen
Implementing Agreement of IEA we have known other countries activities
and initiatives in H, and FC and we have had access to technological and
logistics problems happened in other countries facilities. Subtask B offers
us an extraordinary opportunity to simulate one of our installations and
learn about it.”

6. Hydrogems®© and other modeling tools are becoming wide-spread among
the groups.

7. Due to the success of Task 18, more countries are seeking to join the

Task in Phase 2. We welcome them. 21



Permitting Analysis

Location Las Vegas, Reykjavik, Iceland | Malmo, Vancouver, | Takasago, Japan | Beacon Farm, Brescia, Italy Ringkobing 5 locations in France
USA Sweden Canada UK County,
Denmark
Type of Combination Vehicle fueling Vehicle fueling | Vehicle Load-leveling Domestic power | Domestic power | Hydrogen fuel Residential fuel cells
system fueling station | station station / fueling power system system system cell vehicle and
and power mixture with station filling station
plant natural gas
Site Limited access | Publicly accessible Publicly Fenced Laboratory Garage Gated estate Factory floor Buildings
description parking lot Shell station accessible bus laboratory building
depot yard
Hydrogen Compressed Compressed gas Compressed Compressed | Metal hydride Compressed gas Compressed gas | MH canisters on Natural gas reformer is
storage gas (440 bar) gas (395 bar) gas (450 tanks and MH and MH truck, part of the fuel cell
bar) Compressed gas package
in filling station
(200 bar)
Permitting Las Vegas fire | City City City, federal | Company hazards | Local fire Local fire European Conformity
agency department government | group marshall brigade standards:
(Province of
Como)
Codes Existing IEC 60079-10 for Same as for SAE J2600 Industrial Safety CE certified -Machinery 98/37/EC
applied building and Electrolyzer; natural gas for dispenser | and Health Law, -Gas Appliances
equipment TUV (Germany), since the Hydrogen gas 90/396/EEC
codes; NFPA Det NorskVeritas mixture is SAE J-2719 | guidebook; High -Pressure Equipment
50A for (Denmark), considered for fuel Pressure Safety 97/23/EC
hydrogen NFPA 50A for natural gas quality Law; Electric -Electro-Magnetic
storage hydrogen storage Industry Law Compatibility
separation separation distances 89/336/EEC
distances -Explosive Atmosphere
(ATEX) 94/9/EC
-Low Voltage 73/23/EEC
Safety All H2 stored H2 stored outside; H2 stored H2 stored Limited access to | H2 storage H2 production Filling station
design outside with electrolyzer outside outside laboratory outside; and storage in outside; truck has
appropriate components split building; we must | electrolyzer in separate space hydrogen leakage
separation between hazardous take action of separate space with 15 m Sensors
distances and non-hazardous ventilation, with ventilation distance from
zones ventilation, and access to open air | house
the dust removal
to prevent
the explosion or a
fire
Comments All systems “local fire “good public “Our system “with no proper “at first the fire “Standardization “In the absence of
subjected to department acceptance due meets general guidelines, brigade had a is a subject that official regulations
detailed educated in to existing regulations for standards or problem, but needs immediate | dealing especially with
HAZOP response plans” familiarity safety, though regulations in after a few attention, since fuel cell technology
review with NG there is no special | place for the months they this already puts the above—mentione(,i
buses” regulation only domestic use of agreed ...” restraints on

for hydrogen hydrogen, so we products coming
systems in had to devise our outto t’l}e
Japan.” own” market

directives were used.
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Future Work: Plans for 2007-2008

Technical progress plans

« Completion of analysis of Hydrogen and Renewables project “The
Ecological House” in Brunate, Italy. Joint with Sandia National
Laboratories

« Completion of analysis of Hydrogen and Renewables Integration
(HARI) project in UK

Incorporate Hawaii Power Park project into Subtask B; collaboration with
Sandia National Laboratories

*Begin new “Lessons Learned” task; trend analysis, synthesis
Management plans

e Task Experts meet twice per year; fall 2007 meeting is scheduled for
Gran Canaria; spring 2006 meeting is tentatively planned for Hawaii

* Operating agent meets twice a year with Executive Committee; spring
2007 meeting in Switzerland; fall 2007 meeting Italy in November

e Semi-annual reports due in October and April, annual in January
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Task 18 Milestone Schedule - Phase 2

2007

2008

2009

Expert Meetings

S07

FO7

S08

FO8

S09

F09

Subtask A

Update of info bases
and links

New Case Studies and
new information bases

Public access

Interim and final report

Subtask B

Project selection

Tools operational

X

Data gathering

ongoing

ongoing

Demo evaluation

X

X

Final summary report

Subtask C

Planning session

Methodology
development

X

Data gathering

ongoing

ongoing

Lessons / trend analysis

ongoing

ongoing

ongoing

Synthesis reports

X

X

X

X

)

A

24



Task 18 Phase 2 Structure

R

NEW
Subtask C
Synthesis and Learning

Subtask B
Modeling and Analysis
of Demonstrations

Subtask A
Information Bases

Case Studies

« Subtasks A and B continue
- More analysis capability in Phase 2

« New Subtask C bridges existing elements
- Lessons learned (case studies and demos)
- Benchmark assessments

- Trend analysis (database mining) @ {p A

25
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Summary

Relevance: Technology validation, modeling and
analysis, consistent permitting, especially with regard
to footprints

Approach: Collaboration among member nations of
IEA-HIA; 13 - 16 nations

Technical accomplishments: Database of documents
and vendors; Design tools for system optimization;
lessons learned

Future Plans: Phase 2 includes new projects; control
strategies for economic performance; more lessons
learned; and trend analysis
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