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Outline

1. Why Fuel Cell?

2. Fuel Cell Types
- Proton exchange membrane fuel cell (PEMFC)

- Solid oxide fuel cell (SOFC)

3. Applications

4. Future Challenges
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Fuel Cell
Fuel cell converts hydrogen into electricity by 

electrochemical reactions. Water and heat are 

byproducts.

Proton

PEMFC
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Originally Designed by NASA 

for Space Applications

Ref.: www.nasa.gov

Features:

ÅUse available hydrogen fuel 

ÅProduce drinkable water

ÅEffective hydrogen recycling

http://www.nasa.gov/home/index.html
http://www.nasa.gov/home/index.html
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For Commercial Applications

Å Reduce greenhouse gas emissions

Å Reduce depletion of finite fossil fuels

Å Hydrogen is clean and, in practice, it can be 

produced from water, which is abundant. 

Å Promote diverse, domestic, and sustainable 

energy resources

Å Increase reliability and efficiency of electricity 

generation

Å Hydrogen technologies can be viable with a 

transition from conventional technologies

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=-7gNsPHKNpcwVM&tbnid=GFb2MLGwhbXbYM:&ved=0CAUQjRw&url=http%3A%2F%2Fhongkongbusiness.hk%2Fcommercial-property%2Fnews%2Fprime-street-shop-rents-in-hong-kong-dropped-19&ei=8TbbU7eALpPr8AXiyoLQBw&bvm=bv.72197243,d.dGc&psig=AFQjCNGWvsnKWGN1OB1_iYsEuoOCRUYfHg&ust=1406961757386601
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=-7gNsPHKNpcwVM&tbnid=GFb2MLGwhbXbYM:&ved=0CAUQjRw&url=http%3A%2F%2Fhongkongbusiness.hk%2Fcommercial-property%2Fnews%2Fprime-street-shop-rents-in-hong-kong-dropped-19&ei=8TbbU7eALpPr8AXiyoLQBw&bvm=bv.72197243,d.dGc&psig=AFQjCNGWvsnKWGN1OB1_iYsEuoOCRUYfHg&ust=1406961757386601
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=dBSnR4j0XUMH5M&tbnid=CKVH_WICHY0x1M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.flickriver.com%2Fgroups%2F1541988%40N24%2Fpool%2Finteresting%2F&ei=iTfbU_y7Dpe58gW92ICgCA&bvm=bv.72197243,d.dGc&psig=AFQjCNHMvDp4fX-inChqOLMkGdb3s20_Vw&ust=1406961896008027
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=dBSnR4j0XUMH5M&tbnid=CKVH_WICHY0x1M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.flickriver.com%2Fgroups%2F1541988%40N24%2Fpool%2Finteresting%2F&ei=iTfbU_y7Dpe58gW92ICgCA&bvm=bv.72197243,d.dGc&psig=AFQjCNHMvDp4fX-inChqOLMkGdb3s20_Vw&ust=1406961896008027


Fuel Cell Products
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http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=0cphAX5eLaziOM&tbnid=ZCJrD0hZ0dGXpM:&ved=0CAUQjRw&url=http%3A%2F%2Ffuelcellsworks.com%2Fnews%2F2012%2F09%2F27%2Feastern-connecticut-state-university-commissions-fuel-cell-power-plant%2F&ei=rTnbU4u4Dtjh8AXn-oKoDQ&bvm=bv.72197243,d.dGc&psig=AFQjCNEIm_mmQ6lW34jHsKbqqHVujjZLUA&ust=1406962472009179
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=0cphAX5eLaziOM&tbnid=ZCJrD0hZ0dGXpM:&ved=0CAUQjRw&url=http%3A%2F%2Ffuelcellsworks.com%2Fnews%2F2012%2F09%2F27%2Feastern-connecticut-state-university-commissions-fuel-cell-power-plant%2F&ei=rTnbU4u4Dtjh8AXn-oKoDQ&bvm=bv.72197243,d.dGc&psig=AFQjCNEIm_mmQ6lW34jHsKbqqHVujjZLUA&ust=1406962472009179


Fuel Cell Cars
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Mercedes-Benz plug-

in hydrogen fuel-cell
BMW hydrogen 

fuel-cell vehicle

Honda Clarity 

fuel cell

Hyundai Tucson 

Fuel Cell

GM Opel 

HydroGen4

Toyota

Mirai

http://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=4sx3t4btji-cuM&tbnid=nb2xgO4MSGCLUM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.autoguide.com%2Fauto-news%2F2014%2F01%2Ftoyota-hydrogen-fuel-cell-car-sale-next-year.html&ei=SD7bU6XEK8Xj8AXP94CgCA&psig=AFQjCNHu1n0YzwsPrVElSyDH6jwZ8MrIpA&ust=1406963653109353
http://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=4sx3t4btji-cuM&tbnid=nb2xgO4MSGCLUM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.autoguide.com%2Fauto-news%2F2014%2F01%2Ftoyota-hydrogen-fuel-cell-car-sale-next-year.html&ei=SD7bU6XEK8Xj8AXP94CgCA&psig=AFQjCNHu1n0YzwsPrVElSyDH6jwZ8MrIpA&ust=1406963653109353


Capital Cost of Fuel Cell
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Ref.: U.S. DOE, 2010

(US$/kW)
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Solid Oxide Fuel Cell (SOFC)
ÅOxygen ions pass through oxygen ion conducting electrolyte

ÅSOFC has higher efficiency than PEMFC

ÅHigh operating temperature at 600-1000oC.

Ref.: Meng Ni, Michael K.H. Leung, Dennis Y.C. Leung, Parametric study of solid oxide 

fuel cell performance, Energy Conversion & Management, 2007, vol. 48, pp1525-1535.


