
Fuel Cell Types Overview



Fuel Cell Types

• Electrolyte determines the type of fuel cells and 
operation temperature.p p
– Operation temperature significantly affects the use of other 

components such as catalyst.



Applications vs Power
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Mobile Application



Stationary Application



Transportation Application



PAFC

• Low T operation: 200

• Pt/C catalyst

• Solidified liquid electrolyte



PAFC

• Electrolyte evaporation

• CO, S poisoningCO, S poisoning

• Moderate success in commercialization (cost barrier, 
maintenance)

• Emergency power generation



AFC

• Low T operation: 60~220

• Pt/C catalyst

• Solid electrolyte



AFC

• Carbon dioxide poisoning

• Pure hydrogen & air (oxygen) only

• Special applications such as space mission (Gemini 
project)



MCFC

• High T operation: 650C

• Ni catalyst

• Immobilized Li2CO3 electrolyte in LiOAlO2

• CO2 recycling



MCFC

25kW Pressurized MCFC System operated by KEPRI since 2000y p y

• Stationary power generator

Dem nstrati n upt MW• Demonstration upto MW

• Well demonstrated technology

Hi h ffi i ( 50%> f CHP t )• High efficiency ( 50%> for CHP system )

• No CO issues (CO as fuel)

Diffi lt t i d it• Difficult to increase power density



SOFC’s

• High T operation: 600~1000C• High T operation: 600 1000C

• Ceramic electrolyte: YSZ, SDZ, SDC, GDC, LSGM…
• Anode: Ni/YSZ• Anode: Ni/YSZ

• Cathode: LSM, LSC, LSF, LSCF



SOFC’s

100kW Atmospheric SOFC 220kW Pressurized SOFC-GT p
Hybrid System

• Stationary power generator

D t ti u t MW• Demonstration upto MW

• Fuel flexibility

Hi h ffi i ( 50%> f CHP t )• High efficiency ( 50%> for CHP system )

• Relatively high power density

R l ti l i t /f b i ti• Relatively expensive components/fabrication



SOFC’s



SOFC’s



Design Comparison

T b l C ll Pl C llTubular Cells Planar Cells

Specific PowerSpecific Power 
(W/cm2) Low (0.2-0.3) High (0.6-2.0)

Volumetric Power 
(W/cm3) Low High

Manufacturing 
Cost($/kW) High Low

High Temperature 
Seals Not necessary RequiredSeals



SOFC Potential Markets



Annual US. Emissions Saved Using 
APUs in Class 8 trucks (vs Idling)APUs in Class 8 trucks (vs.Idling)

• Diesel fuel saved:
419 million gal /yr– 419 million gal./yr

• CO2 reduced:
4 64 illi /– 4.64 million tons/yr

• Assumes
– 2.1 million Class 8 trucks

– 311,000 have overnight routes (APU candidates) 
SECA



Truck vs Diesel APU vs SOFC APU 
EmissionsEmissions



Delphi SOFC APU



Portable SOFC’s for Military Power

Fuel CellFuel Cell

System

Propane powered

Military 
Batteries

• 4.2 kg

7 5 L
• 23 kg

• 7.5 L

• $7 fuel

• $5,000 fuel cell

• 20 L

• $2,300 Battery cost

Three Day

Mission $5,000 fuel cell 
system

• 469 kg

• 399 L

• 38 kg

• 68 LLife Cycle 399 L

• $46,900 Battery cost

68 L

• $149 fuel

• $5,149 fuel cell 

ife Cycle
(1500 hrs)

system



20W Micro SOFC’s

Adaptive Materials 
Inc

20W Portable SOFC



PEMFC’s

L i 30 130C• Low T operation: 30~130C

• Pt/C catalyst

(• Polymer membrane: Sulfonated PTFE(Nafion, Dow, 
Membrane-S, Gore..), PBI(Celanese), PEEK, 
PolymidePolymide…

• Carbon cloth (paper) electrode



PEMFC’s

1.5kW portable PEMFC system 
by Ballard

Honda fuel cell car platform

• Highest power density

• Fast start-up

• Low operating temperature makes it suitable for 
portable market.

• Poor CO & S tolerence

• Water management issue



PEMFC’s



연료전지 구성: 단위 전지



Stack Part

-Pressure Plate & Current 

Collector
• Pressure Plate 

• Insulator  

• Current Collector

G k t

MEA

-Gasket
• Spacer

- MEA
• Gas Diffusion Layers

• Catalyst Layers

• Membrane 

- Separator
• Carbon Plate or etc.



PEMFC Stack



PEMFC 스택 개발 현황
가압형(2~3기압)
•Ballard 사 Mark 902 등
•DC, Ford 등 적용
스택효율 우수•스택효율 우수

•물관리 유리
•스택 기생전력 과다

-교효율 공기압축기 요구: 스택출력의 10~25% 소비교효율 공기압축기 요구  스택출력의 10 25% 소비

상압형
•UTCFC 사 스택 등
•HMC, Nissan 등 적용
•시스템 기생전력 최소화

- Air blower(토출압1.3bar 이하 적용시) 스택출
력의 5% 미만 소모력의 5% 미만 소모

•물관리 불리

중압형(1.3~2기압 )
•물관리 난점을 해결하고 소비전력 손해를 줄이는 절충형
•일부차량의 경우 고지 운전을 위해 적용

*수소연료전지사업단



PEMFC’s for Automotive



연료전지 자동차



연료전지자동차 보급 예측



Well to Wheel Efficiency

수소생산 효율 및 연료전지 자동차 시스템 효율 개선 필요



Well to Wheel Energy Use



Fuel Cell System Cost Breakdown



연료전지와 내연기관의 CO2 배출비교

*한국가스공사



연료전지 자동차동력 시스템 구성



스택 기술 개발 과제

상업화를 위한 기술적 과제

스택 부품 문제점 및 개선사항

*수소연료전지사업단



스택 기술 개발 과제

스택 부품 문제점 및 개선사항

*수소연료전지사업단



운전장치 (Balance of Plant, BOP)
H2 recirculator

Radiator

Water pump &

Air supplierAir supplier

Humidifier &

DimineralizerDimineralizer



BOP 기술 개발 과제

•연료전지 특성(압력/유량)을 충족시키는 사양 개발연료전지 특성(압력/유량)을 충족시키는 사양 개발
•연료전지 시스템의 운전압력 결정
•Weight, Volume & Noise 저감
•최적의 Filter 개발

방열 성능 극대화 기술•방열 성능 극대화 기술
•내부식성 소재 개발
•압력강하 최소화
•저온 및 빙점 이하 운전 기술
•Water Balance 확보

•내부식성 소재 개발
•BLDC 모터 개발

*수소연료전지사업단



BOP 기술 개발 과제

•냉각수 내 전기전도도 유지기술 확보
•고효율 이온제거 필터 개발
•고온용(70C 이상)필터 개발
•가격절감 및 내구성 확보•가격절감 및 내구성 확보

•최적의 수소 재순환 기술 확보최적의 수소 재순환 기술 확보
•내식성 소재 개발
•안전성 확보 (Sealing 등)
•BLDC 모터 개발

*수소연료전지사업단



DMFC’sDMFC’s



DMFC ExamplesDMFC’s



Simple Liquid DMFC System
Simple Liquid DMFC System



DMFC Electrode Reaction Steps

Anode ReactionAnode Reaction

CH3OH + s1*      CH3OH(ad)1

CH3OH(ad)1 CO(ad)1 + 4 H+ + 4 e-
( ) ( )

H2O + s2*            OH(ad)2 + H+ + e-

CO OH CO H+ * *CO(ad)1 + OH(ad)2 CO2 + H+ + e- + s1* + s2*
-------------------------------------------------------------

CH OH + H O CO + 6 H+ + 6

rds

CH3OH + H2O   CO2 + 6 H+ + 6 e-

Cathode ReactionCathode Reaction

3/2 O2 + 6 H+ + 6 e- 3 H2O



Problems with Nafion DMFC

• Methanol crossover from anode to cathode

- Dilution (5-15% in water)
- Electro-osmotic drag of water
- Reduces fuel utilization
- Competing reactions at the cathode
- Polarizes the cathode (poisons catalytic sites for O2)
- Reduces overall cell potentialp

• Poor oxidation kinetics

- Anode polarization dominates cell performance
- Need for good anode catalyst

R d li i i l l• Reduce or eliminate precious metal catalysts

Best performance :  0.4 Ω/cm2 at 130 oC using 3 atm. O2 at cathode



Methanol Concentration Control



DMFC Performance



DMFC’s for Portable Power



DMFC’s for Transportation



DMFC Challenges (Half & Single Cell)

•High activation loss (~400mV)•High activation loss (~400mV)
-Electrooxidation of methanol
-Electroreduction of oxygen (ORR)
-High Pt-Ru and Pt loadingsHigh Pt Ru and Pt loadings  
(~4.0 mg/cm2)

•Poisoning of anode electrocatalyst byPoisoning of anode electrocatalyst by 
adsorbed intermediates; 

-CO, formaldehyde, formic acid

•Methanol cross-over from anode to 
cathode 

-Coulombic efficiency losses (~30%)
-Increase of activation overpotential 
for ORR



DMFC Challenges (Stack)

•Low power density
- 350 mW/cm2 (DMFC) vs 900

Planar cell layout, Motolora Inc. 
(2000), US Patent, 6,127,058 350 mW/cm (DMFC) vs. 900 

mW/cm2 (PEMFC)

•Low methanol concentration Planar cell connection,J. 
-Optimum of 1~2 M
-Reduced energy density and 
specific energy

,
Power Sources, 93 (2001) 
251) 2 

p gy

•High cost
- Electrocatalysts ~$200/kW
- PEM ~$600/kW
- Fabrication of electrodes, MEAs, 
bipolar plates

•Pressurization of gases
- Use of 3 atm air to minimize 

t t l
Cost break down, Small fuel cell seminar, 

mass transport losses Washington DC, April (2002)



DMFC Challenges (System)
• Competition with existing 
technology

-Lithium-ion batteries for smallLithium ion batteries for small 
portable power sources (laptop 
computers, cellular phones, video 
camera’s))

• Size reduction
-Difficulties in miniaturization of 
DMFCs and auxillaries for portable 
applications

• Air breathing limits power densities 

• Lifetime issue
U k d ith-Unknown as compared with 

competing technologies

High capital costs• High capital costs 
- Portable power, transportations



DMFC Prognosis

• Stiff challenges from competing technologies
– CostCost

– Reliability

– Lifetime

– Maintenance

– Batteries, Small IC engines…

L d iti• Low power densities 
– Impressive progress in technology recently

– Most suitable for small portable applications in near termMost suitable for small portable applications in near term

• High activation overpotential
– Considerable reduction is essential for higher powerConsiderable reduction is essential for higher power 

applications (stationary, transportation)

• Operations temperature
– High T operation (~150 C) can enhance prospects of higher 

power level applications



Direct Formic Acid Fuel Cells



Borohydride Fuel Cells



Borohydride Fuel Cells



Borohydride Fuel Cells



Membraneless Fuel Cells



Air Breathing Fuel Cells



연료전지의 경제성

현재 가격수
준준

상용화 분야에 따라 1/10 1/100의 가격 인하 필상용화 분야에 따라 1/10~1/100의 가격 인하 필
요


