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About Osaka Gas (OG) 

Osaka Gas is the second largest gas utility in Japan.  Generally, gas and 

power are supplied by different companies, and have been regulated in the 

residential field for each area until quite recently. Therefore, gas utility and 

power utility monopolized each market, but hot competition have been 

repeated between gas and power to expand their share in residential energy. 

Supply Area Outline of Osaka Gas: 

 

 Established in 1897, gas distribution started in 1905. 

 Vertically integrated gas utility business 

 (LNG import, gas production, distribution, and retail). 

  

 Number of customers: 7.25 million 

 Gas sales volume: 8.02 billion m3/y 

 Length of pipeline: 61,400 km 

 Performance (consolidated; FY2015) 

    Sales: 1,322 billion yen (approx. US$13B) 

    Operating income: 146.6 billion yen (US$1.4B) 

 Number of employees: 20,844  

  

   



Osaka Gasôs Service Scheme in Residential Field 

Osaka Gas 
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LNG Projects 
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Complicated 
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Gas Appliances Wholesale 

R&D of Gas Appliances 

Wholesale  Products  

Joint Development  

Maintenance 

LNG  

Osaka Gas provides not only city gas but also gas appliances and their 

maintenance through its agencies to expand gas sales. Further, R&D of 

new gas appliances are conducted to develop new gas utilization field.  



Significance of of Residential cogeneration (CHP)  

Residential cogeneration (CHP) system contributes to social benefits 

(energy saving and CO2 reduction), customersô benefit (energy expense 

saving) and gas utilitiesô benefit (gas sales expansion). 

Hot water 

supply and 

floor heating 

Natural gas 
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Hot water supply 

& heating unit 

4 

Residential Cogeneration (CHP) System 

Waste heat generated 

with power is stored as 

hot water and utilized 

effectively, total energy 

efficiency is greatly 

improved. 
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*Conventional: Condensing boiler, floor heating 

 CHP: Ene-farm , floor heating 



Residential Energy Demand and Preference of FC 

Fuel cell CHP is more preferable to GE CHP as a residential CHP system 

due to its low heat/power ratio which meets detached house demand. 

Power,  

  light 
Hot  water 

Heating 
Cooling 

Cocking 

Coverage of Fuel Cell CHP 

 = 60% of total energy  

    consumption of house 

(<40% for gas engine CHP) 

Comparison of effiencies of CHPs @2009 

35% 45% 

22.5% 63% 
ñEco-willò 

(Gas engine) 

ñEne-farmò 

 (PEFC) 

Power Heat (hot water) Heat/power 

  ratio 

2.8 

1. Heat/power ratio meets detached house demand 

2. Most heat demand is hot water 

3. Low noise, no vibration 

4. High power generation efficiency at partial load 

    (more than 30% @ 250W) 

5. No disadvantage of no scale merit of FC 

1.3 

 

Contents of Residential 

Energy demand in Japan 

Preference of FC to GE as residential CHP  

Total 34 GJ/y-household 



Role of Osaka Gas in the Development of FC-CHP 

3.  Provider of discount tariff of gas for FC CHP 
       Due to small spread between general prices of gas and power, the commercial    

       value of FC CHP depends on discount tariff of gas provided by gas utility for it. 

1.  Investor in R&D for new gas utilization appliances 

4.  R&D player of FC systems from the viewpoint of a user 
       Osaka Gas started R & D of PAFC in 1972 by participating TARGET Plan (USA). 

       Through many failures, essential factors to commercialize FC were identified. 

5.  Process owner of fuel processing for FC 

       Fuel reforming process for PAFC was established with 40,000 hsô durability in ó90s. 

6.  Reviewer of secret technology of each FC manufacturer 

       Osaka Gas accumulated evaluation technology through its R & D on FC.  

        Because OG is a buyer (not competitor) for manufacturers, they have nothing but  

        allow OG to access their secret technology for adoption.  Thus, OG was located in 

        the specific position to review the most advanced technologies of manufacturers. 

2.  Planner of new products 
       The specification of new product is based on marketing data of OG as a retailer.  

Osaka Gas played several essential roles influential in the development of 

Ene-farm, based on its specific business and technological background. 



Development of Ene-farm (PEFC) in Osaka Gas  

1999 2000 2001 2002 2003 2004 2006 2007 2008 2009

Activities in Osaka Gas

System development

Phase

R&D on elemental

technologies

 

Durability of cell

Fuel Processor

Heat recovery system

Optimum operation control

Participation in National Projects

Elemental development

System development

Standardization, etc

Subsidy for market entry

2005

Verification of performance Establishment of 
basic design

Cost reduction

Clarification of  durability factor
Verification of durability
as a material

(joint study with manufactureres)

Deactivation Analysis of Cell Stack

"Millenium Project"
Large scale demonstration

commer-

cialization

(joint development with manufactureres)

Devlopment of life 
prediction method

Total
verification

Total
verificationCost reduction

Accumulation of 
operation in system

Establishment and verification as 
elemental technology

Market

Entry

NEF demonstration

Osaka Gas started the project to develop residential PEFC CHP in 1999 and 

finally commercialized it in 2009 as ñEne-farm.ò 

Durability Evaluation of PEFC 

based on experiences of PAFC 
Development and Licensing  

of Fuel Processor with 

guaranteed catalyst life 

Disclosure of  

Target Specification of  

Residential PEFC CHP 

Joint Development  

  with  Toshiba 

          Panasonic 

          Sanyo 

          Ebara Ballard 
Formation of  the NEDO Project  

for the development of accelerated 

deactivation method of PEFC stack 

OG leaded to achieve the solution through the extraction of common 

issues and results from the individual discussion with Toshiba, Sanyo, 

and Panasonic, keeping secret each knowledge in competitive area. 

 

 

 

Commercialized in June, 2009 

 

Specification: 

 

Power out put         250  700W      

Power generation efficiency  35% 

Total thermal efficiency         80% 

Storage tank capacity         200 L 



Sales of Residential CHP in Osaka Gas 

Osaka Gas have sold more than 80,000 units of GE-CHP and ca. 60,000 units 

of FC-CHP till now.  Such results show Osaka Gasôs marketing and sales 

power of gas appliances, which is the essential factor to play a role in the 

deployment of Ene-farm. 
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Characteristics of SOFC 

SOFC 
Solid Oxide Fuel Cell  

PEFC 
Polymer electrolyte Fuel Cell  

Electrolyte Y stabilized Z2O3 ceramics Perfluorosulfonate polymer 

Operating 

Principle 

 

 

 

Operating 

temperature 
700ᴈ 800ᴈ 65 80ᴈ 

Power generation 

efficiency 
45 60% 35 40% 

CO tolerance CO can be used as fuel < 10ppm 

Warm-up time 3  24h  1 hour 

 electrolyte 
cathode 

anode e -  
 electrolyte 

anode 
e -  

 
 

cathode 

SOFC has an advantage in high power generation efficiency due to 

high operation temperature.  Quick start-up and load change were 

difficult to avoid destruction of ceramics by thermal stress, therefore, 

SOFC has been considered to be unsuitable to residential systems. 



1980s  Operation Study of Westinghouseôs  
            3-25 kW demonstration plant  
1990s  Basic research on SOFC including 
            cell fabrication 
             once terminated in 1999 
 
2002-   Supply of reforming catalyst to Kyocera    
        Osaka Gas found out the advantage for  
         heat-cycle tolerance in Kyoceraôs cell-stack. 

2004    Joint development with Kyocera 
2005    49% of power generation efficiency and  
            quick load-following capacity were 
            demonstrated at a field test . 
2009    Reinforcement of joint development 
            framework  (+ Toyota / Aisin ) 
2012    Market entry as ñEne-farm type Sò 

Kyocera s cell and cell stack 

Development of SOFC in Osaka Gas 

Demonstration 

system (1kW) 

Load-following 

operation data 

       Power demand (W) 

       Power output (W) 

Osaka Gas also started R & D of SOFC for industrial use but once 

terminated it.  Osaka Gas recognized the potential of Kyoceraôs cell 

and cell stack for residential CHP because of its heat cycle tolerance, 

and developed ñEne-farm type Sò through the joint development. 

 

Commercialized in June, 2012 

 

Specification: 

 

Power out put     50  700W      

Power generation efficiency  46.5% 

Total thermal efficiency    90% 

Storage tank capacity    90 L 
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Subsidy 

Based on METI data 

Result Target 

PEFC 
SOFC 

Maximum price for 

autonomous prevalence 
(Payout = 7,8 years) 

Cost is the largest issue.  Cost reduction proceeded steadily, but there is 

still a wide gap to the price required for autonomous prevalence. 

Installation space is the second largest issue.  Prevalence of ñEne-farmò 

is actually limited to relatively large detached houses.  

Issues for further prevalence 



800

1,000

1,200

1,400

1,600

1,800

2,000

0 20 40 60 80 100

Concept of New SOFC (compact and low cost) 

Dependence of CO2 reduction on tank size 

Change in unit configuration 
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Decrease in CO2 reduction effect by reducing storage 

tank capacity is limited in case of high power efficiency.  
Special unit 

   + 

Special unit 

FC power 

generation unit 
Generic 

boiler 

Special unit 

   + 

Generic boiler 

(mass pro.) 

Cost reduction of hot water storage unit is difficult. 

To reduce tank size, high power generation 

efficiency is required. = SOFC has such potential.   

New model (he= 52 ) 
 

 
 

Previous model  (he = 46.5%) 

Previous Ene-farm type S 

Hot water storage and utilization unit is eliminated and replaced with generic 

boiler and FC unit which involves small storage tank for saving cost and 

installation space.  Even when the storage tank capacity is reduced, Ene-

farmôs benefits are kept by imroving power generation efficiency of SOFC. 



Advantage of New SOFC in Installation  

New SOFC (he = 52%) Previous SOFC (he = 46.5%) 

Configuration 

Size (mm) 
H x W x D 

FC unit: 1195 x 780 x 330 

Boiler: 750 x 480 x 240 

FC unit: 935 x 600 x 335 

Hot water storage unit: 1,760 x 740 x 310 

 

 

Required area 

(example) 

Space for  

maintenance 

FC unit 
Boiler 

1,710 or 1,960 
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ca.1.4 2 
ca. 1.9 2 

FC power 

generation unit 
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Hot water 
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utilization unit 

Hot water 

storage unit 

Basement 

Area required for installation of new SOFC is 70% of previous SOFC. 

FC power 

generation unit 
Boiler 

(hot tap water & 

 central heating) 

Image of installation 

 into apartment house 

Boiler 

FC unit 

Base 

Stand 

Image of ñad-onò installation 

Of FC unit to existing boiler 



Osaka Gasôs purchasing excess power of SOFC 

Renewables 

Ene-farm 

Supply to OGôs  

power customers 

OG purchases as power source 

With full deregulation of power retailing market in 2016, Osaka Gas started 

residential power retailing business and purchasing excess power of SOFC. 

Due to high power generation efficiency of new SOFC, the scheme of 

purchasing excess power became economically feasible. 

700W 

Power 
Power 

700W 

Residential Power demand 
Generated power by ene-farm 

Reverse power to sell 

Power plant 

Previous New 


