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RG> Fuel Cell Definition

an electrochemical energy conversion device

» To convert the chemicals hydrogen and oxygen into water, and
in the process it produces electricity.
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DI Fuel Cell History

1839: FIRST FUEL CELL (GROVE’S “GAS BATTERY”)
Water

Sulfuric Acid Solution e
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’@' Fuel Cell History
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1889: ImPROVED FUEL CELL Ry Karl Kordesch rides his
' e _alkali fuel cell motorbike.

El | PE 51

” /.l—
1 15elt |

1959: THE ALKALI FUEL CELL 1965: alkali fuel cell
A U.S. Army soldier operates
Francis Thomas Bacon with a portable drill

his Alkali Fuel cell. powered by a n alkali fuel cell.
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IR Fuel Cell Advantages

> High energy conversion efficiency

» Modular design- scale able to many sizes from 1 kW to 10’s MW-
offering a wide range of application

» Direct conversion avoids combustion process- allows for very low
chemical and acoustical pollution(<60 dBA)

» Fuel flexibility

» Cogeneration capability- using waste heat

» Rapid load response
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=)= Fuel Cell System Block Diagram
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Ao Fuel Cell Reforming Process

Fuel Cell System and Hy drogen
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‘9— Fuel Cell Performance
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Fuel Cell vs. Internal Combustion Engine
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Types of Fuel Cell

Fuel Cell

Operating Conditions

Alkaline FC (AFC)

Operates at room temp. to 80 °C
Apollo fuel cell

Proton Exchange
Membrane FC (PEMFC)

Operates best at 60-90 °C
Hydrogen fuel
Originally developed by GE for space

Phosphoric Acid FC (PAFC)

Operates best at ~200 °C
Hydrogen fuel
Stationary energy storage device

Molten Carbonate FC (MCFC)

Operates best at 550 °C
Nickel catalysts, ceramic separator membrane
Hydrocarbon fuels reformed in situ

Solid Oxide FC (SOFC)

Operates at 900 °C
ducting ceramic oxide electrodes




RIES Types of Fuel Cell
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Fuel Cell Power Spectrum
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‘@-’ Space Application

Apollo Fuel Cell Gemini Fuel Cell
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~ Space Application

Space Shuttle Fuel Cell
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~ Aerial Application
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Aerial Application

Antares Airplane

Global Observer Airplane
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Aerial Application
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Aerial Application
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RIS Aerial Application

Demonstrators are a means to get famlllar

with integration and operationa

Boeing Fuel Cell Airplane Demonstrator — BR&T
(Boeing Research and Technology) Europe

= Motor 20kW PEM Fuel Cell
=2 Controller /(from Intelligent Energy)

Fuel Cell ..;_; 4)‘., Z

Controller—__ -

Electric Motor

Battery Pack

5,000 psi Gaseous
Hydrogen




Aerial Application

- smaller &
lighter

fuel flexibility
& robustness
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A0 Aerial Application

Commercia

Airplanes saving is =0.7%

(Jet-A to electrical
during cruise) ' 40% less

1 litre fuel used,

=75% Efficient

(Overall system at cruise)

Future 2015
SOFC APU

* Specific Fuel Consumption 0.6 litre @_ﬂﬂf]ﬂﬂ



Ao Aerial Application

Commercia Fuel saving opportunity on the

Airplanes ground is very attractive

Typical Turbine-
powered APU

15% Efficient =

" (over average operating cycle)

1 litre

75% less
fuel used

Future 2015
SOFC APU 0.25 litre

60% Efficient

(at std. sea-level conditions)
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RIS Aerial Application

Fuel cell APU can cut airplane

Airplanes NOXx emissions at the airport

Airplane NOx
Emissions at
Airport

Fuel Cell APU Engine
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Aerial Application

2015 Aerospace

Indusoial 250kW Solid Oxide
Fuel Cell Installations

2003 Industrial |

Concept 440 kW Solid Oxide Firi i
Cell in Airplane Tail Cone



RIS Aerial Application
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RIS Aerial Application

Proposed Path to

Fuel Cell Technology for Aviation
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Power plant Application




40 Power plant Application

MTU*s ,,Hot-Module* Development
for CHP Power Plants

Courtesy of MTU




RIE Power plant Application
Polymer Electrolyte Membrane (PEMFC) Phosphoric Acid Fuel Cells (PAFC)
- -1-10 kW
- 25-40 % efficiency LHV :ig%}: 22?cmcy LHV
- $ 5,000 /kW -$ 3,500 / kW

Solid Oxide Fuel Cells (SOFC)

- 1-250 kW
- 45-48 % efficiency
- $10,000 - 20,000/kW

250- 1,000 kW
45 % efficiency
$ 3,000-4,000 / KW




Nt Power plant Application

Innovation and R&D Required for large Market

2005-2008

Early Markets

- Schools & =
Universities =
- Government
Buildings ~
- CHP; Free Fuel 2008-2010 -
- National Parks * 5 kW-75 kW PEMFC
- Military Bases :52_520',(:,\,"'3";,:2"“(:’ AMABORE
- State RPS Programs « $ 1,500-$2,000 / KW

Efficiency|, LHV
35-45

55

65

- 2010-2020
* 75 kW — 250 kW PEMFC

=250 - 3 MW MCFC, SOFC
=2 - 50 kW SOFC

"+ 1MW + SOFC-CT

» <<$ 800 /KW
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XA Transportation Application

Mercedes Honda GM
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University of Delaware
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0 Transportation Application

The B-Class F-Cell

Available Summer 2010



Battery
Toyota FC Stack

Toyota&Hino Bus

Pasition of two Toyota FC Stacks

Fuel cell
auxiliary system

Power control unit

Hydrogen

storage .

Fuel cell
stacks Cooling unit:

hydraulic fans

Hydregen fueling receptacie

A/C unit

Automatic
transmission

Bus auxiliary
components

Central electric motor (mech. powered)
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Portable Application

Fuel Storage

gcm

Fuel
E'Om Processor

3em Fuel Cell

7 cm Lithium
Polymer
Battery

5 We Peak, each



40 Fuel Cell R&D and Materials Research Needs
» Key Areas of R&D(SOFC)

Stable Interconnect under anode and cathode environments
Advanced Electrodes

Seals

Low cost fabrication methods

High power density

Durability

AN NI NI N N

Durable electrolyte
High tem

» Key Areas of R&D(PEMFC)
v
v

perature electrolyte




Ao Fuel Cell in Iran, University & Research Center

» University

Amirkabir, Sharif, Tehran, Khajeh Nasir Tousi,

Tarbiat Modarres, Iran Science & Technology, ...

> Research Center
Esfahan Engineering, SANA
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Fuel Cell in Iran, Conference & Seminar

» Hydrogen & Fuel Cell Conference(second)

» Fuel cell Seminar (5th)







“Yes, My friends, | believe that
water will one day be employed as
fuel, that hydrogen and oxygen
which constitute it ... will furnish
an inexhaustable source of heat
and light ... Water will be the coal
of future”




