
2011台灣亞太產業高峰論壇—
ICT及綠能科技在建築產業之運用」

Can Fuel Cell Become a Home Appliance 
in a Green Energy House?

(燃料電池能夠成為綠能建築的家電設備嗎?)

Dr. Ruey-Jong Shyu (徐瑞鐘)

Kaori Heat Treatment Co. Ltd.

2011/10/27



Outline
Theme: Technology Breakthrough for a New Industry

(技術開發 突破產業新可能)

• Energy advantage of fuel cell
(技術開發，突破產業新可能)

• Achievement in Japan
• Fuel cell system and technologyFuel cell system and technology
• Fuel cell is becoming a home appliance

Eff t i T i• Effort  in Taiwan



H2 & FC Fair, Hannover, Germany, 2011/4/4~8



Electric Power Generation

• Centralized Power Generation
f il f l( l il t l ) l h d l-fossil fuel( coal, oil, natural gas), large hydro, nuclear,
co-generation

• Distributed Power Generation
-wind solar( thermal PV) gas engine biomass-wind, solar( thermal, PV), gas engine, biomass, 
small hydro, Fuel Cell



Higher Energy Efficiency by Fuel Cellg gy y y
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Features of Fuel Cell Power



Fuel Cell Applications
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Bloom Energy’s 100kW SOFC System 
- Use natural gas from pipeline 

More than 200 systems installed 7 5MW at AT&T- More than 200 systems installed, 7.5MW at AT&T,

30MW in Delaware, 2MW in CIT, and many more



Ballard’s 1MW PEMFC System

Net Power: 1 MW (500kWx2)
Efficiency :48% (± 2%)

Fuel: Hydrogen >98%2
Fuel consumption:(700 m3/hour)Efficiency :48% (± 2%)

Output voltage :380 – 480 V AC
Height x width x length :2.9 x 2.4 x 13.7 meters
Weight: 30,000 kg

Fuel consumption:(700 m3/hour)
Available heat  output :1100 kW
Available water temperature:60 - 65°C
Emissions: Noise <80db @ 1 meterWeight: 30,000 kg Emissions: Noise 80db @ 1 meter



A Green Energy House 

• Supply NG or LPG for fuel cell systems
Stationary Residential PEMFC/CHP System
• Supply NG or LPG for fuel cell systems
• Electricity and heat(hot water) are simultaneously supplied
• Improvements of energy consumption and CO2 emission

Grid

Solar PV roof and window
Good thermal insulation 

Grid 
power

LED lighting

Smart meter

NG

High EER appliances

NG
LPG



Achievement in Japan

-- About 15,000 units are installed( till 2010)

--Rated power: 700~1000W 



Major Japanese Fuel Cell Developers



Performance of ENE FARM Systems



A Fuel Cell Power System

A fuel cell power system is transforming fossil fuel’s energy into electricity by 
electrochemical reactions its major subsystems include: (1) fuel cell stackelectrochemical reactions, its major subsystems include: (1) fuel cell stack, 
(2) fuel processor, (3) power conditioner, and (4) balance of plant(BOP)

(Stack)(Stack)



PEMFC Stack and its MEA
- Chemistry(Catalyst), Material Science (Polymer),  Mechanical Eng. 
(Thermal/Water Management, Control)… 



Fuel Processor
-Chemistry(Catalyst), Chemical Eng.(reforming reaction), 
Mechanical Eng. (Thermal  Management, System Control), 



Technical Challenges for a PEMFC System

MEA
L C t Bi l Pl t

Water Management
Flow Field Analysis

Tail gas

H2

Low Cost Bipolar Plate
Design & AssemblyCatalyst

Design & Assembly

Flow Field Analysis
Simulation

Controller
Management

Fuel Cell
Stack

Humidifier
Air

HumidifierNG

DC/AC
Converter AC 

Power

Tail Gas

SeparatorNG

H

System Integration
Validation

Reformer

H2 Tank
Pump

Filter Water

H2

H Perf.
H2 Storage 
M i l

Blower/ Air pump

Filter Water
reservoir

Heat ExchangerAir Pump
Materials
Normal T
Operation
H2 Tank



Effort in Japan—Establish a New Industry 



Reduce  Cost  for  an Affordable Systemy
-- Stack, fuel reformer, BOP components(pump, blower, control valve..)



Continuous Technology Advancement

Panasonic: total sales 5,000(up to 2011/1), manufacturing
capacity 6 000/year sale price 20% downcapacity 6,000/year, sale price 20% down



Effort in Germany-
Callux Residential Fuel Cell System DemonstrationCallux Residential Fuel Cell System Demonstration
Start from 2008/09, 800 systems to be installed in 2012, total investment 
will be 86 million Euros, of which 41 million  are subsidized by the Government, y

Original roadmap Actual achievement
（受技術問題影響 目前進度落後）（受技術問題影響，目前進度落後）

Source：The German NIP lighthouse project callux；E.ON Ruhrgas AG，2011/03
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Fuel Cell System developed by Germany

I kW f l ll t (PEMFC SOFC) 5 kW N G PEMFC tI kW fuel cell system (PEMFC,SOFC) 5 kW N.G. PEMFC system



Effort in South Korea-Million Green Home

- Three phases of subsidy for residential fuel cell system
2010～2012，80%; 2013～2016，50%; 2017～2020，30%2010～2012，80%; 2013～2016，50%; 2017～2020，30%

- 209 systems are installed in the first phase(2009),10 million US $ to 
be spent in 2010

item

Electric efficiency
2012 goal

38%

2020～2030goal

40%

Total efficiency (+heat）

System cost

86%

20,000 USD

90%

3,000～5,000 USD

System life

Installed system

40,000 hrs

1,000

90,000 hrs

100,000
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Source：Initial Stage of Commercialization of Residential Fuel Cells in Korea；KOGAS，2011/03

燃料電池示範運轉與推動辦公室



Korea’s Roadmap for Residential Fuel Cell System



Effort in Taiwan-Demonstration Project 
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Effort in Taiwan-Establishing  Infrastructure

Some active players in stationary PEMFC:

Material and Parts-
Ce-Tech, Nan-Ya PCB, Kaori Heat Treatment

MEA and Stack-
Nan-Ya PCB, Toplus, Delta Electronics, 
Chung-Hsin Electrical & Mechanical(CHEM)Chung Hsin Electrical & Mechanical(CHEM),

Fuel Processor-
Green Hydrotec Kaori Heat Treatment CHEMGreen Hydrotec, Kaori Heat Treatment, CHEM

System Integrator-
T l M Fi ld CHEM W hih C l t tToplus, M-Field, CHEM, Wanshih, Celxtert



Kaori is Stepping Into to a Green Energy Company

‐ Fuel Cell

‐Waste Heat Power Generator

‐ Plate Heat Exchanger

‐ Air Dryer

‐ Heat Treatment

y

‐ CO2 Plate Heat Exchanger

‐ Sendzimir roller

‐ High Strength Metal Floor
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Kaori’s BPHE for Fuel Cell Systems

BPHE with Ni brazing

Fuel Cell Test Station PEMFC NG Reformer PEMFC CHP



Strategic Partner with Bloom Energy

Clean, cheap power from fuel cells in a box!!!
Updated 2/24/2010 9:03 AM |

29



Sole Supplier for SOFC Subsystem
‐Hot Box for 100kW SOFC system (Bloom Energy)

‐Operated in 900C
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1 kW Methane Fuel Processor
‐ Good for energy‐efficient house with natural gas pipeline
‐ integration with 1~2 kW PEMFC stackg
‐ 1 kW prototype fuel processor manufacturing and testing
‐ Performance test and reliability test 
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3kW System Integration Test

PEMFC t k fuel processorPEMFC stack
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Japan’s Energy Policy after Great East Japan Earthquakep gy y p q

F h llFour challenges
Mar.11, 2011

(Earthquake in Japan)
for energy in future

1)Nuclear Power
･Improvement of safety
2) Fossil fuel

Reduction of negative
The Tohoku
Earthquake

1) Nuclear Power
2) Fossil fuel

･Reduction of negative
environmental impact
・Distributed Power System

(Fuel Cell)

Fukushima
disaster

＋

3) Rene able energ

3)Renewable Energy
20% in 2020s

・PV cost reduction
・Off shore Wind power generationdisaster

Investigation Committee
established
･Independence

3) Renewable energy
4) Energy saving

Off shore Wind power generation
・Next generation Bio mass

4) Energy saving
New lifestyle, New work style

Co generation systemIndependence
･Openness
・Inclusiveness

・Co-generation system
・Smart grid

･Distributed Power System
(Fuel Cell)

6
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Self-Sufficient Energy House-gy
0.7kW@FC+6kW@PV+6kWH@LIB

Fuel cell-500,000$Y, Solar PV-1,000,000$Y, Li-ion Battery-500,000$Y
Total:~2,000,000$Y (~US$ 25,000)

City 
power

NG
LPG



Concluding Remarks

• Fuel cell is a new green energy product which has not 
commercially mass production yet but with a big marketcommercially mass production yet but with a big market 
potential likes solar PV and LED lighting

• Fuel cell as a home appliance in a green energy house• Fuel cell as a home appliance in a green energy house 
will come true in short time -- 2015?

• A more complete industry infrastructure for fuel cell is theA more complete industry infrastructure for fuel cell is the 
key for a cost effective and affordable fuel cell system

• Any company devoted to green energy can become an y p y g gy
active player in this new industry



Thank You for Your Attention
dand

Let’s Work Together for
A H d /F l C ll S i tA Hydrogen/Fuel Cell Society

E mail: shyurj@kaori.com.tw
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Self-Sufficient Energy Home-Self Sufficient Energy Home
0.7kW@FC+6kW@PV+6kWH@LIB

F l ll 500 000$Y S l PV 1 000 000$Y Li i B 500 000$YFuel cell-500,000$Y,Solar PV-1,000,000$Y,Li-ion Battery-500,000$Y
Total:~2,000,000$Y (~US$ 25,000)

《東日本大地震》引發的【核電事故】導致日本出現了嚴重的【電力短缺】。
‧在無法描繪核電未來的今天﹐是否有必要探討把家用燃料電池作為家庭的基
礎電源呢﹖
我們希望大力發展家用 燃料電池 太陽能電池 鋰離子充電電池 三者的☉我們希望大力發展家用【燃料電池、太陽能電池、鋰離子充電電池】三者的

結合。
‧▼除了【0.7kW】的《家用燃料電池》﹐如果還在『獨立式住宅』中安裝
【6kW】的《太陽能電池》 【6kWH】的《鋰離子充電電池》 那麼 這戶【6kW】的《太陽能電池》、【6kWH】的《鋰離子充電電池》﹐那麼﹐這戶
家庭就基本可以實現電力的『自給自足』。
‧而我們的責任是把這三種電池組合提供﹐使其能夠充當基礎電源。
未來 我們▼希望把《家用燃料電池》的價格控制在【50萬日元▼】 把‧未來﹐我們▼希望把《家用燃料電池》的價格控制在【50萬日元▼】﹐把

《太陽能電池》控制在【100萬日元▲】﹐把《鋰離子充電電池》控制在【50
萬日 元▲】﹐以全套【低於200萬日元▲】的價格提供

(日經BP社) 2011/09/23
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Big Scale Financial Support

-國家策略性產業
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