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Outline 
• The oil import problem.
• The solution: renewable energy and alternative fuels 

(hydrogen, alcohols).
• Hydrogen production, distribution and storage
• Higher energy-conversion efficiency and greener 

technology with the use of fuel cells (FC).
• Development efforts (car industry)
• FCHV safety issues
• FCHV niche market.
• PEM FC cost analysis. 
• Market penetration of FCHVs
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The Impact of Fuel Cells

Fuel Cells could have a great positive 
effect on Western society

They would reduce 
• Dependence on oil import
• Pollution
Disadvantages
• Currently cost prohibitive
• Require a new hydrogen infrastructure 
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Basic Operation of a PEM Fuel Cell

• Chemical Reaction 
Produces Electricity

• Fuel - H2, O2

• By-Product - H2O
• Electrons Released at 

Anode
• Electrons Collected at 

Cathode
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Possible EV System Configurations: which is the best?
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Hydrogen production and supply

Wind, Solar
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Electric Vehicle FC system, 2007
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Battery - NiMH 21 kW

Fuel cell - 90 kW

The Toyota Fuel – Cell - Hybrid – Vehicle (FCHV)
Weight 1880kg, 5 passengers, 155km/h, Cruising range 330km

Motor - 90kW

350 Atm hydrogen
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Honda FCHV (Lithium ion battery)
Proton Exchange Membrane Fuel Cell (PEMFC), Power Output 100kW, 
Size (liters)57, Weight (lbs) 148, 288V Lithium ion battery, Driving Range 280 KM
,Fuel Capacity / Tank Pressure 4.1 kg Hydrogen @ 5000psi
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Kia - new Borrego FCHV
• A 115-kW fuel cell system
• A lithium-ion battery in a hybrid-drive system (offers a zero starting capability down to -
30ºC).
• Maximum speed of 100 mph 
• Traveling range of 315 miles.
• The company plans to deploy a small fleet of the fuel cell Borregos on roadways during 
2010.
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GM HydroGen 4 FCEV
Passed 400,000 miles of testing in the U.S. (where its known as the 
ChevroletEquinoxFuel Cell), capable of 0-62mph in around 12 seconds, 
has a top speed of 100 mph and a range of around 200 miles. 
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Mercedes' BlueZERO Hydrogen Concept 

• The BlueZERO F-CELL (fuel cell) has a range of 400 km 
on one tank of Hydrogen and 100 km on the 17.5-kWh 
lithium ion battery.

• It is a "concept" cars and no plans for production have 
been announced so far.
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Safety issues
• If a collision occurs, sensors in the TOYOTA FCHV’s front, rear and sides detect 
impact and instantly shut the valves on the high-pressure hydrogen tanks.
• For additional safety, the valves are also closed if leakage is detected by any of 
the hydrogen sensors placed at multiple locations within the vehicle,
• The high pressure hydrogen tanks are designed for maximum safety to avoid 
rupture even if the vehicle suffers a rear-end collision.
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Overall efficiency of cars (well to wheel)

40-45% on H2 (from electrolyzer)From gas
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Niche FCHV transportation applications:
UMV and all electric airplanes

Scooters, motorbikes and bicycles (Beijing as a sample)

APUs

Material handling (fast charge)

Fuel cell trains

Mobility assistance vehicles
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The cost problem of PEM FC - Stack 
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System (stack and BOP) cost
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Total  ($)     6,480                 3,920
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Prof Andrew A. 
Frank, Testimony 
for US House 
Science/Energy 
Committee (2006)
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Commercialization of fuel cell vehicles and 
hydrogen stations to commence in 2015 (FCCJ) 

July 4, 2008 
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Summary
• Most large auto manufacturers are developing FCHV 

(billion dollars per year).
• Hydrogen cost will be at least twice that of gasoline. 

Thus FCHV efficiency must be twice higher (as 
expected).

• FC system cost must be reduced to about $50/kW 
(20% higher than that of ICE; major cost items are 
the membrane and the catalysts)

• Durability must exceed 5000 hours (twice that of 
today).

• The FC system size and weight (including fuel tanks) 
must equal (or be closed to) that of gasoline car 
(seems possible).

• FCHV safety (including the battery) must be 
demonstrated.

• Early commercialization is expected to start at 2016, 
full commercialization at 202x. 
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Thank you all for your attention!
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פעילות  ה מ ר כז 
מתן יעוץ ושרותי אפיון של  רכיבי תאי   דלק ותאי דלק 1.

. לתעשיה ולמוסדות ה מחקר
.מתן עזרה בפיתוח ייעודי של  רכיבי תאי   דלק ותאי דלק2.
תאי ם  , קבלי על,  מתן עזרה בפיתוח ייעודי של  סוללות3.

,  חו מרים ננומטריים: סולריים וחומרים מתקדמים כגון
. וממסים ומלחים חדשניים,  פולימרים מוליכי חשמל

.אלקטרוכימיות מבניות ומ שטחיות,  מדידות אנליטיות4.

. start-upחברות    לתעשיה  וליעוץ מקצועי 5.
פ עם ק בוצות תעשיה  ואקדמיה  לצורך "לרכז  את ה שת6.

.פ"קידום מו
.עזרה בפתרון בעיות קורוזיה ברחבי הארץ7.
.הכשרת תלמידי מחקר ומשתלמים בתר דוקטורים8.
.עריכת ימי עיון9.
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Cost and performance Issues

• ICE cost is $40/kW, FCs must meet this cost.
• In order to meet it membrane cost must be 

$30/m2 or less (today $600) and platinum 
catalyst loading must be about 0.1 mg/cm2

(or $5/kW), today it is 0.5 mg/cm2. 
• Hydrogen cost will be at least twice that of 

gasoline. Thus FC efficiency must be twice 
higher.

• ICEs delivers about 1kW/l, the FC system 
must meet this value (it is about 0.7kW/l).


