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The overall objectives of HyTRAN are
to advancethe fuel cell technology

towardsa commercially viable solution in
terms of performance and cost.

Point of commer cial
readiness and viability

State of Art, Technology demonstration and basic R&D
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HyTRAN aims to advance the fuel cell technology by developing
components and systems and to integrate the subsystem into two
innovative fully integrated Fuel Cell Systems:
* Direct Hydrogen PEM Fuel Cell system, 80 kW power size, with
innovative Stack and BoP
« APU Diesel Reformate PEM Fuel Cell system 5 kW power size,
including microstructured steam reformer, clean-up reactor, innovative
stack and Balance of Plants

HYTRAN
TARGETS
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; Project major Milestones

HyTRAN Major Milestones
2004 2005 2006 2007 2008
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Alignment to SRA

Key research issues:

EUROPEAN

SRA Transportation applications

PEFC needs to be optimised — in particular, with respect to power density, durability, humidification, cathodic water
management and contaminant tolerance.

I PEFC operated at elevated temperature is considered a breaking technology path for future transport applications.
Membranes suitable for operation between 120°C and 160°C, with favourable start-up properties at low temperatures and
a good long-term stability are a prerequisite. Improvement of the other stack components for elevated temperatures is
imminent. Passive humidification allows for further system simplification and should also be investigated.

I For PEFC systems, further advancements in components such as highly efficient air supply units, sensors, controls and
power electronics are required. In traction applications, electric motors allow for further improvements. In order to achieve
areasonable range of operation, new hydrogen storage systems based on 700 bar gaseous hydrogen and alternative
storage options are essential.

I Reformer systems are largely dedicated to auxiliary power units which provide electric power independently of the
propulsion unit. Applications currently under development are vehicles, aircraft and ships. The main energy carriers to be
Investigated for these applications are diesel, kerosene and gasoline, with particular emphasis on desulphurisationl.

I SOFC for auxiliary power units in transport offers great potential as reforming is easy. It is therefore expected to fit
easily into the existing fuel infrastructure, which will become even more beneficial for the technology as cleaner fuels
emerge. Crucial development issues include improving thermal cycling stability, robustness and reliability, plus tolerance to
fuel impurities, such as sulphur. Further reduction of the operating temperature will be beneficial for mechanical integrity
and is likely to reduce degradation even more.

I Although stack technology is important, systems integration and verification at an early stage is vital to the success of
the entire technology. Efforts to increase systems efficiency, improve systems dynamics and decrease start-up times are
particularly important. Cost reduction will rely partly on further systems simplification.

I In order to bring hydrogen to market early, it would be desirable to improve the performance of internal hydrogen
combustion engines.

H.
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Key research issues:

PEFC needs to be optimised — in particular, with respect to pow
density, durability, humidification, cathodic water manaqement
and contaminant tolerance.
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easily into the existing fuel infrastructure, which will become even more beneficial for the technology as cleaner fuels
emerge. Crucial development issues include improving thermal cycling stability, robustness and reliability, plus tolerance
to fuel impurities, such as sulphur. Further reduction of the operating temperature will be beneficial for mechanical
integrity and is likely to reduce degradation even more.

I Although stack technology is important, systems integration and verification at an early stage is vital to the success of
the entire technology. Efforts to increase systems efficiency, improve systems dynamics and decrease start-up times are
particularly important. Cost reduction will rely partly on further systems simplification.

I In order to bring hydrogen to market early, it would be desirable to improve the performance of internal hydrogen
combustion engines.

H.
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PEFC needs to be optimised — in particular, with respect to power density, durability, humidification, cathodic water
management and contaminant tolerance.

I PEFC operated at elevated temperature is considered a breaking technology path for future transport applications.
Membranes suitable for operation between 120°C and 160°C, with favourable start-up properties at low temperatures
and a good long-term stability are a prerequisite. Improvement of the other stack components for elevated temperatures
is imminent. Passive humidification allows for further system simplification and should also be investigated.

| For PEFC systems, further advancements in components such as
highly efficient air supply units, sensors, controls and power

electronics are required. In traction applications, electric motors allow for further improvements. In order
to achieve areasonable range of operation, new hydrogen storage systems based on 700 bar gaseous hydrogen and
alternative storage options are essential.

I Reformer systems are largely dedicated to auxiliary power units which provide electric power independently of the
propulsion unit. Applications currently under development are vehicles, aircraft and ships. The main energy carriers to be
Investigated for these applications are diesel, kerosene and gasoline, with particular emphasis on desulphurisationl.

I SOFC for auxiliary power units in transport offers great potential as reforming is easy. It is therefore expected to fit
easily into the existing fuel infrastructure, which will become even more beneficial for the technology as cleaner fuels
emerge. Crucial development issues include improving thermal cycling stability, robustness and reliability, plus tolerance
to fuel impurities, such as sulphur. Further reduction of the operating temperature will be beneficial for mechanical
integrity and is likely to reduce degradation even more.

I Although stack technology is important, systems integration and verification at an early stage is vital to the success of
the entire technology. Efforts to increase systems efficiency, improve systems dynamics and decrease start-up times are
particularly important. Cost reduction will rely partly on further systems simplification.

I In order to bring hydrogen to market early, it would be desirable to improve the performance of internal hydrogen
combustion engines.

H.
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PEFC needs to be optimised — in particular, with respect to power density, durability, humidification, cathodic water
management and contaminant tolerance.

| PEFC operated at elevated temperature is considered a breaking technology path for future transport applications.
Membranes suitable for operation between 120°C and 160°C, with favourable start-up properties at low temperatures and
a good long-term stability are a prerequisite. Improvement of the other stack components for elevated temperatures is
imminent. Passive humidification allows for further system simplification and should also be investigated.

I For PEFC systems, further advancements in components such as highly efficient air supply units, sensors, controls and
power electronics are required. In traction applications, electric motors allow for further improvements. In order to achieve
areasonable range of operation, new hydrogen storage systems based on 700 bar gaseous hydrogen and alternative
storage options are essential.

. Reformer systems are largely dedicated to auxiliary power units
which provide electric power independently of the propulsion unit.
Applications currently under development are vehicles, aircraft and ships.
The main energy carriers to be investigated for these appllcatlons are
diesel, kerosene and gasoline, with particular emphasis on
desulphurisation.

I SOFC for auxiliary power units in transport offers great potential as reforming is easy. It is therefore expected to fit easily
into the existing fuel infrastructure, which will become even more beneficial for the technology as cleaner fuels emerge.
Crucial development issues include improving thermal cycling stability, robustness and reliability, plus tolerance to fuel
impurities, such as sulphur. Further reduction of the operating temperature will be beneficial for mechanical integrity and is
likely to reduce degradation even more.

| Although stack technology is important, systems integration and verification at an early stage is vital to the success of
the entire technology. Efforts to increase systems efficiency, improve systems dynamics and decrease start-up times are
particularly important. Cost reduction will rely partly on further systems simplification.

1 In order to bring hydrogen to market early, it would be desirable to improve the performance of internal hydrogen

combustion engines. Hz\
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Crucial development issues include improving thermal cycling stability, robustness and reliability, plus tolerance to fuel
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likely to reduce degradation even more.

| Although stack technology is important, systems integration and
verification at an early stage is vital to the success of the entire
technoloqy. Efforts to increase systems efficiency, improve systems
dynamics and decrease start-up times are particularly important. Cost
reduction will rely partly on further systems simplification.

I In order to bring hydrogen to market early, it would be desirable to improve the performance of internal hydrogen

combustion engines. Hz\
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Development of new polymer membranes for operation at elevated temperatures,
new electrocatalysts with higher activity — and,
preferably, with less or even without platinum
group metals — plus materials for bipolar plates and
seals: investigation of degradation mechanisms; development of methods for

lifetime prediction and accelerated testing for PEFCS and

SOFCs, plus new SOFC materials for electrolyte sealing and interconnectors
operating at lower temperatures; improvement of injection technology and
combustion process for hydrogen internal combustion engines development of
operation strategies for hybrid configurations, new battery concepts and
supercapacitors, plus new stack control procedures; development of reversible

hydrogen storage materials and fuel gas processing technology
for gasoline, diesel and kerosene.

H.
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HyTRAN priorities in line with SRA

HyTRAN addresses 4 of 7 key issues of SRA

— Optimised PEFC

— BoP components

— Diesel reformer

— System integration and verification

HyTRAN addresses most of the basic research issues
related to PEFC

— Electro catalyst

— Accelerated testing

— Fuel processing
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COMBMISSION

H, Propulsion stack development

H, Propulsion cathode subsystems

H, Propulsion cooling subsystem

Sensors and actuators

A 4

H, Propulsion system
integration and bench testing

SYSTEM

TP1 - PROPULSION

H, Propulsion system on-

vehicle demonstration

Modelling

Dissemination and Training

Environmental safety and marketing studies
: : : : >
1 2 3 4 5

Time
(years)
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- Stack validation has been
carried out on 1/3 stack
that have shown higher
performance than
expected.
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Management and Coordination

Microstructured steam reformer

E Microstructured cleanup system
|_
% > Diesel oil processor —
= Reformate H, stack development
<
. APU Cathode subsystem
A 4
o
- APU integration and bench
testing

Modelling

Dissemination and Training

Environmental safety and marketing studies
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; Achievements APU system

® Prototype microchannelled reactors for all fuel
processor stages have been successfully tested.

® MEA:s developed targeting different CO
tolerances.

® Preliminary Catia 3D model of the APU system.

® System Modelling is used to guide component
development and simulate performance and
efficiency.

® Reformer catalyst and MEA durability studies in
progress.

Per Ekdunge, HyTRAN, Technology Platform Operation Review Days, Brussels 8th-9th December 2005, 16



ECN, JM, Volvo, VW

Ansaldo, CRF, ECN, FEV, M,

Adrop, IMM, JM, PdT, Renault,

PdT, Volvo Tenneco, Volvo
Methanol Gasoline EuroV diesel
250-3500C 700-7500C 800-825°C
20kWe 10kWe 5kWe
Oppm 7ppm 10ppm
1-2.5% dry 8-12% dry 10-15 % dry
ATR ATR Integrated SR (+air)/AFB
4 stage PrOx 2 stage WGS 1 stage WGS
Burner 2 stage PrOx 1 stage PrOx
Burner
JM JM/Ansaldo/PdT JM

Mixture of packed beds and
monoliths

Mixture of packed beds and
monoliths

Coated and integrated with heat
exchange

M JM & Ansaldo IMM

1 litre/kWe 0.25 litre/lkWe 0.3 litre/kWe *
0.2 litre/kWe 0.4 litre/kWe

N/A 1.5 litre/lkWe 0.35 litre/lkWe *
0.6 litre/kWe 3.5 litre/kWe 0.3 litre/kWe *
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=~ Progress over previous programs

PROFUEL reactors
(ATR, HTWGYS)

HyTRAN prototypes
(SR/AFB, WGS)
CAPRI reactors
(ATR, PrOx)
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HyTRAN HyTran SRA
Year 2015 Year 2008 Year 2015
Durability 5,000 h 2,000 h 5,000 h

Ambient temperature
range

-20°C/+40°C

-20°C/+40 °C

-25°C/+45°C

Efficiency 55% 50% 40 %

FC system FC system FC drivetrain (NEDC)
Cost 40 €/kwW 188 €/kW 100 €/kW
Weight and volume 80 kg; 80 | 100 kg; 100 | 150 kg , 150 |

80 kW system

80 kW system

100 kW systems
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parison of Targets, APU

HyTRAN HyTRAN SRA
Year 2015 Year 2008 Year 2015
Durability / h 5,000 h —40,000 h 2,000 5,000 h —40,000 h

Ambient temperature range

-25°C/+45°C

-25°C/+45°C

-25°C/+45°C

Efficiency 40 % 37 % > 35 %

Low temperature start-up <10s <120s <30s
Emission level < SULEV < SULEV < SULEV
Weight and volume <25kg, <301 136 kg, 180 | <50kg, <501
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=~  Dissemination and training

Assessment of the current level of information
provided on FC and H2 technologies in
graduation and master courses

External web sites (www.hytran.org)

Organization of workshops and seminars

— In 2005: “HYSYDays - 1st World Congress of Young
Scientists on Hydrogen energy systems”

Presentations on conferences
Publications in scientific journals
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|  LCA study:
— Environmental evaluation of the two systems cover the whole lifecycle.
— Identification steps for environmental improvements.

I RAMS (Reliability, Availability, Maintainability & Safety) Analyses
— To assess systems Reliability and Availability of the systems and the
interfaces with the vehicle and a safety assessment; including the

introduction of protection equipment and safe maintenance procedures.
| Market analysis

— Model the influence of policy and market drivers and restraints on the
pol?smle penetration of hydrogen fuel cell vehicles, and of vehicles with fuel
cell APUs.

— Suggest introduction areas, countries and policy incentives.
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