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Outline

ÅThe four types of electric vehicles (EV):

Hybrid (HEV), 

Plug-in hybrid (PHEV), 

All Electric (BEV) 

Fuel cell hybrid EV (FCEV) 

ÅDesign and types of batteries and fuel cells.

ÅCost and market introduction.

ÅPotential fuel saving and pollution reduction.
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10KWh battery 

gives ~ 50 km 

range and costs 

today  about 

$10,000
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HFCEV

Honda FCX Clarity (2012)

FC Stack 
1.75 kW/l 

1.5 kW/kg
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Basic Operation of a PCM Fuel Cell ï

(FC is not a heat engine and does not obey Carnot low)

Å Chemical Reaction Produces 

Electricity (at up to 100% 

efficiency)

Å What is the difference between 

free gas combustion and FC 

operation

Å H2ï2e Ÿ 2H+

Å O2 + 2e + 2H+Ÿ H2O 

Å In some cases it is possible to 

get electric work (energy) 

larger than the heat of the 

combustion! 

Å Fuel - H2; oxidant - O2

Å By-Product - H2O

Å Platinum nano-particles 

catalysts

e
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e X



6

PEM FC stack
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 ˢˬ ˪ˡ˟ˢˢˢ˪˪ˣ˯˪ ˵˪ˡ ˞˸ ˭˧˟?

Å  ˵˲˯ˢˢ ˸ˡ˧˥˧ ˵˪ˡ ˞˸˟˷ ˞ˣˢ ˢ˪˪ˣ˯˪ ˵˪ˡ ˞˸ ˭˧˟ ˧˯˧˯˟ˢ ˪ˡ˟ˢˢ
ˡ˶˲ˮ˟ ˸˥˞ ˪˩ ˪˰ ˦ˣ˪˷˪ ˭˸˧ˮˣ ˢ˧ˠ˶ˮ˞ˢ ˸ˡ˧˥˧ˬ ˸ˡ˶˲ˣˬ.

Å˷ˣˬ˧˷ˢ ˭ˬˤ ˫˰ ˪ˡˠ ˵˪ˡˢ ˞˸ ˭ˣ˶˸˧!

˵˪ˡ ˪˩˧ˬ



C. E. Thomas ςFuel Cell vs. Battery EV



C. E. Thomas ςFuel Cell vs. Battery EV



Cathodes:

LNiCoMnO2

LiMn2O4

LiFePO4

LiMn2O4

Anodes:
Graphite
Li4Ti5O12
Silicon nano particles





Batteries Specific Energy
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Li Ion Batteries

DisadvantageAdvantageBATTERY

Safety, costEnergy density LNiCoO2/Graphite

HT longevityCost, safety, 

power density

LiMn2O4/Graphite

Low energy density 

(about 60% of 

LNCO)

Cycle life, power, 

safety

LiFePO4/Graphite

Lowest energy 

density (about 40% 

of LNCO)

Cycle life, power, 

safety

LiMn2O4/Li4Ti5O12



תודה על ההקשבה
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˲ˣ˶˲ ˪˷ '˟˧˟˞ ˪˸ ˸˦˧˯˶˟˧ˮˣ˞˟ ˡ˪˲ ˪˞ˣˮˬ˰(

Å ˸˧˶˲ˣˠ ˫ˣ˧˸˧˪ ˸˧˶˦˟ , ˧˞˲ˣ˶˧˞ ˦˵˧ˣ˶˲(   HELIS, HORIZON 2020 and INREP)
Å ˫˧˧ˬ˧ˬ ˪˞ˣ ˫˧˧ˬ˧ˬ ˫˧˪˟˵ ˶˲ˣ˯) ˦ˮˠˬTEPS˦˧˟˪˞ ˫˰(

Å˸ˡˣˮ˞ ˭ˣ˵˧˪˧˯ ˧˵˧˵˪˥ ˣˮˮ , ˦ˮˠˬTEPS˭˞˶˧ˡ˸ ˫˰ ( ˦˵˧ˣ˶˲ˣ ˧˞˲ˣ˶˧˞(MARS)
Å ˵˪ˡ ˧˞˸˪ ˫˧ˤ˶ˤ)˞˲ˬ"˸˲˶ˮ˧˞ˣ(
Å ˫˧˶˦ˬˣˮˮ ˭ˣ˵˧˪˧˯ ˧˦ˣ˥ ˸ˡˣˮ˞)Momentum Fund(

Å ˡˬˬ ˸˪˸˟ ˸˯˲ˡˬ ˫ˣ˧˸˧˪ ˸˧˶˦˟)˞˲ˬ"˸(
Å ˭˶˸ˮˣ ˫ˣ˧˸˧˪ ˸ˣ˧˶˦˟ς ˶˧ˣ˞)˲˶ˮ˧˞ , ˥ˣˣ˦˪˨ˣ˶˞ˢ(



Average cost structure of 
Li ion cell in 2014
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source: The rechargeable Battery 

market and main trends 2014-

2025 C.PillotAvicenne Energy  

COGS = 90% x 15 B$ =12.2 B$

Anode = 7% x COGS  = 0.8 B$



Projected Cost

17 * DOE VTO advanced battery R&D program (2016) 
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Due to 50% SOC battery size 
and cost are doubled



EVs on the road 
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Estimated ED and range of Silicon anode 

based advanced Lithium battery  

270Wh/kg (400kM) 

DOE goals for EV battery

250Wh/kg

400 Wh/l

2kW/kg 

http://batteryuniversity.com/learn/article/electric_vehicle_ev
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Safety issues
ÅIf a collision occurs, sensors in the TOYOTA FCHVôs front, rear and sides 

detect impact and instantly shut the valves on the high-pressure hydrogen 

tanks.

ÅFor additional safety, the valves are also closed if leakage is detected by any 

of the hydrogen sensors placed at multiple locations within the vehicle,

ÅThe 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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3 seconds

60 seconds

Ignition of a hydrogen 

FC car and of a 

common gasoline car
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