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 *   Fuji Electric Korea Co., Ltd.
⁑	Power Generation Business Group, Fuji Electric Co., Ltd.

159

1. Introduction

Fuji Electric commercialized a 100-kW-class phos-
phoric acid fuel cell (PAFC) in 1998, and in 2010 
started selling the all-in-one “FP-100i” package, which 
includes peripheral equipment to improve its market-
ability.  By targeting small- and medium-scale facili-
ties with relatively high energy costs and by specializ-
ing in cogeneration systems that use electricity and hot 
water with a generating capacity of 100 kW, we have 
delivered a total of 100 units in Japan and abroad as of 
March 2020.  

Fuel cells generate electricity directly from the 
electrochemical reaction between hydrogen and oxy-
gen.  The use of fuel cells has been increasing as one 
type of next-generation energy source that helps to 
achieve low-carbon societies.  Compared with cogen-
eration systems with internal combustion engines, fuel 
cells have many features: capable of running on a va-
riety of fuels, high generation efficiently even at small 
capacities of 100 kW or less, reduced running costs, 
low CO2 emissions, and environmentally friendly.  

In recent years, the use of fuel cells in South Korea 
has been progressing quickly.  In this paper, we will 
describe the background to the increasing adoption of 
fuel cells in South Korea, as well as the specifications 
and requirements of phosphoric acid fuel cells in the 
Korean market.  We will also provide some examples 
outlining our history of delivering fuel cells to South 
Korea.  

KAWAKAMI, Koji *   HORIUCHI, Yoshimi⁑   

Phosphoric Acid Fuel Cells for the Korean Market

The introduction of fuel cells has been expanding in South Korea following the adoption of the Renewable  
Portfolio Standard (RPS), a regulation that covers new energy sources including fuel cells.  Small- and medium-sized 
power producers in South Korea, Fuji Electric’s target customers, define the specifications for phosphoric acid fuel 
cells including compatibility with Korean fuel gases, installation area reduction, simplified on-site construction, and 
cold tolerance.  Fuji Electric has achieved these specifications through our research and development and opera-
tions.  In addition, we provide stable operation using remote monitoring and ensure high reliability based on our pro-
longed operation in Japan.  With these features, the fuel cells have been being introduced into warm bath facilities, 
such as saunas, and are expected to be widespread.

2.   South Korea’s Policies for Adopting New and 
Renewable Energy and the Fuel Cell Market

South Korea enacted a feed-in tariff (FIT) scheme 
for renewable energy from 2002 to 2011 as a measure 
to promote the spread of renewable energy power 
sources.  Since 2012, large-scale power producers with 
a capacity of 500 MW or more has been obligated to 
produce a certain percentage of their electricity from 
renewable or new energy sources, including fuel cells 
based on the Renewable Portfolio Standard (RPS).  The 
mandated supply ratio is scheduled to increase from 
2% in 2012 to 10% in the target year of 2022.  The 
mandated supply must be achieved by supplying elec-
tricity from new and renewable energy sources or by 
purchasing renewable energy certificates (RECs) is-
sued by new and renewable energy power producers.  
As a result, large-scale power producers must gener-
ate electricity from new and renewable energy sources 

REC revenue REC sales

Large-scale power producers

Korea Power Exchange

Power selling
revenue

Grid power 
transmission REC issuance

Korea Electric Power
Corporation Korea Energy Agency

Small- and medium-scale power producers

(Power generated by fuel cell)

Fig.1  Fuel cell power selling scheme for small- and medium-
scale power producers in South Korea
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based on the RPS measures and small- and medium-
scale power producers expect to earn profits through 
the acquisition and sale of REC credits, in addition to 
the sales of electricity.  The adoption of fuel cells has 
thus been expanding particularly in recent years.  

Fuji Electric’s 100-kW phosphoric acid fuel cells 
are targeted at small- and medium-scale power produc-
ers who are making use of the above-mentioned REC 
credits.  Figure 1 shows an overview of the power sell-
ing scheme for the fuel cell power generation described 
above.  

3. Fuji Electric’s Fuel Cells

3.1 Overview and main specifications
Figure 2 shows the appearance of the  FP-100i of 

Fuji Electric’s all-in-one phosphoric acid fuel cell pack-
ages.  

Table 1 shows the main features of the FP-100i.  
Three types of fuel cells are available: city gas, for 

which infrastructure is already in place; biogas (sew-
age digester gas), which is being used as a renewable 
energy source; and pure hydrogen, which is expected to 
be a next-generation fuel.  In addition to cogeneration 
applications, the FP-100i offers some optional features, 
such as disaster-response functions capable of grid in-
dependent power supply using LP gas as a backup, and 
fire-prevention functions that can supply clean, low-
oxygen air.  

Figure 3 shows the structure of the FP-100i.  The 
FP-100i comes with a package structure that facili-
tates on-site installation.  It has a width of 2.2 m and 
height of 2.5 m (3.4 m after installation) allows for easy 
transport by truck.  It incorporates a nitrogen supply 
system and water treatment system, which has been 
conventionally separate facilities.  Moreover, the air-
cooled radiator for exhaust heat treatment is installed 
in the ceiling.  Adopting this structure significantly 
help reduce the wiring and piping work required for 
on-site installation and halve the required installation 
area.  

3.2 Delivery records and operation performance
Figure 4 shows our delivery records of the 100-kW 

fuel cells.  Table 2 shows the country of delivery and 
the type of gas used, and Table 3 shows the facilities of 
the delivery site.  

Since 1998, we have delivered 100 units inside 
and outside Japan as of March 2020.  Our fuel cells 
are compatible with a variety of fuel gases, including 
city gas, natural gas, digester gas and pure hydrogen.  

Fig.2  Appearance of the “FP-100i” phosphoric acid fuel cell

Table 1  Main specifications of the “FP-100i”

Item Specification

Fuel City gas Biogas Pure hydrogen

Output 105 kW (Gross output)

Output voltage/
frequency 210 V/50 Hz or 60 Hz

Generating effi-
ciency (LHV)* 42% 40% 48%

Heat output 123 kW 116 kW 99 kW

Overall effi-
ciency (LHV) 91% 84% 93%

Exhaust gas
NOX: 5 ppm or less

SOX, dust: Below detection 
limit

NOX, SOX,
dust: None

Dimensions W2.2 × D5.5 × H3.4 (m)

Mass 14 t 13.5 t

*  LHV: A “heating value” that corresponds to the amount of heat dissi-
pated when a unit amount of fuel under certain conditions is com-
pletely combusted adiabatically (i.e., no heat loss) and the resulting 
combustion gas is cooled to its original temperature. There are two 
types of heating values, namely, a higher heating value (HHV), which 
includes the latent heat of steam, and a lower heating value (LHV), 
which does not include it.

Electric panel

Partition 
wall

Fuel cell unit
(Stack)

Fuel gas inlet

Nitrogen 
supply system

Water treatment system

Exhaust heat treatment system (air-cooled radiator)

2.5
m

3.4 m

2.2 m

5.5 m

Main equipment
compartment

Main fuel cell equipment

Auxiliary equipment
compartment

Fig.3  Structure of the “FP-100i”
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The main facilities of the delivery sites of the fuel cells 
have been sewage treatment plants, office and com-
mercial buildings, factories, gas companies, saunas, 
and hospitals.  Fuel cells are primarily used for cogen-
eration systems.  The reliability and durability of Fuji 
Electric’s phosphoric acid fuel cells have been dem-
onstrated at actual sites.  Some of the delivered units 
overtook major renovations, or overhauls, including 
the replacement of main equipment, such as cell stacks 
and reformers, and the cumulative operation time has 

reached 130,000 hours (about 15 years).  
Figure 5 shows the number of units delivered as of 

March 2020 and the number of units whose cumula-
tive operating time has exceeded 10,000, 30,000, and 
60,000 hours.  By leveraging the knowledge we have 
gained from past operation results and utilizing the 
remote monitoring system described below, we have 
analyzed the causes of past operation failures and 
have deliberated and implemented countermeasures to 
achieve stable operations.  

4. Fuel Cells for South Korea

In this section, we will describe the specifications 
required for fuel cells for the Korean market.  

4.1 Compatibility with Korean Fuel Gases
Table 4 shows a comparison of typical fuel gases 

in Japan and South Korea.  Typical South Korean gas 
includes a higher proportion of methane and provides 
lower calories than Japanese city gas.  Fuji Electric 
calculates the flow rate of steam and fuel gas to be 
supplied to a reformer based on past installation and 
operation records inside and outside Japan to deter-
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Fig.4    Deliveries of 100-kW phosphoric acid fuel cells (FP-100i 
after FY2010)

Table 2  Number of units delivered and gas types by country

Country Qty.
Gas type

City gas Natural 
gas

Digester 
gas

Pure  
hydrogen

Japan 67 28 6 32 1

United States 2 - 2 - -

Germany 10 - 10 - -

South Korea 19 1 18 - -

France 1 - 1 - -

South Africa 1 1 - - -

Total 100 -

Table 3  PAFC installation sites

Installation site Japan Abroad

Sewage treatment 
plants 31 0

Office and commercial 
buildings 6 4

Factories and gas com-
panies 8 10

Saunas 0 8

Hospitals 7 0

Universities 5 1

Warehouses 0 5

Others 10 5

Subtotal 67 33

Total 100

Mar. 2020
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Fig.5  Historical change in the number of fuel cells in cumula-
tive long-term use

Table 4   Comparison of fuel gases between Japan and South 
Korea

Component Molecular 
formula

City gas 13 A
(Tokyo Gas Co., 

Ltd.)

Natural gas
(Daegu City, 
South Korea)

Methane CH4 89.60% 93.10%

Ethane C2H6 5.62% 4.47%

Propane C3H8 3.43% 1.53%

Butane C4H10 1.35% 0.69%

Pentane C5H12 - 0.02%

Nitrogen N2 - 0.20%

Total - 100.00% 100.00%

Heating 
value
(LHV*)

Unit
MJ/Nm3 40.6 38.5

*   LHV: Lower heating value. See the footnote in Table 1.
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The system stores operation data on a cloud server 
and enables remote updating of fuel cell software from 
maintenance Pcs.  By logging into the cloud server 
from a mobile device, users can view operation data 
wherever and whenever they want.  

5. Examples of Delivering Fuel Cells to South 
Korea

As we mentioned previously, we have been increas-
ingly delivered the FP-100i to South Korea since 2017 
in response to the Korean government’s incentives for 
introducing new and renewable energy sources.  In this 
section, we will describe a few delivery examples.  

Figure 7 shows the fuel cells delivered to Yuil  
Industry.  The customer initially ordered 5 fuel cells, 
and then made a follow-up order increasing the total 
amount of currently-operating fuel cells to 8.  

Figure 8 shows a fuel cell delivered to the rec-
reation center of KT Corporation (formerly Korean  
Telecom).  Although the installation area was very nar-
row, we successfully installed the fuel cell by taking 
advantage of the fuel cell’s small footprint.  The rec-
reation center is located in  a high-altitude area that 
experiences snowfall and very cold temperatures in the  

mine an optimum ratio of the flow rates according to 
the composition and calorie of the fuel gas used at each 
installation site.  

4.2 Simplification of on-site construction
The FP-100i is an all-in-one package and suitable 

for small- and medium-scale power producers in South 
Korea.  It can be installed in narrow areas such as city 
centers where it is not possible to install large facili-
ties.  Furthermore, the FP-100i is designed to enable 
speedy wiring and piping work, thereby facilitating its 
adoption in South Korea.  

4.3 Resistant to cold climates
The high altitudes and elevations of Korean cities, 

such as Seoul, can result in extremely cold tempera-
tures, going down to -10 °C or colder in winter.  

In the past, indoor installation was required in 
cold regions where temperatures drop to -5 °C.  How-
ever, as shown in Fig. 3, the FP-100i package comes 
with an internal partition wall that isolates the aux-
iliary equipment compartment area from freezing 
temperatures.  By optimally controlling the heat dis-
sipation and air supply and exhaust of the equipment 
in that area, the fuel cell makes sure that the tempera-
ture in that area never falls below 0 °C, even when the 
outside temperature is -20 °C.  This enables the fuel 
cell to be installed outdoors even in cold regions.  

Since it is resistant to cold climates, the fuel cell 
can operate smoothly even in the very cold winter cli-
mates of South Korea.  

4.4 Stable operations with remote monitoring
The phosphoric acid fuel cells being used in South 

Korea can also take advantage of Fuji Electric’s cloud-
based remote monitoring system for fuel cells that en-
ables our engineers in Japan to monitor the operating 
status and make software changes via the Internet.  
This allows us to respond quickly in the event of an 
abnormality, even if it occurs outside of Japan.  Figure 
6 shows an overview of the remote monitoring system.  

Fuel cell
(Country B)

Fuel cell
(Country A)

Maintenance PC
Smartphone
PC, etc.

Check operation 
wherever and 
whenever

Cloud server

Terminal

Terminal TerminalTerminal

InternetVirtual dedicated line
authentication server

Fig.6  Cloud-based fuel cell remote monitoring system
Fig.8  Delivery example of one 100-kW fuel cell for KT recre-

ation center

Fig.7  Delivery example of eight 100-kW fuel cells for Yuil  
Industry
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facilities where there is high demand for heat.  The 
FP-100i has the advantage of efficiently utilizing the 
waste heat created during power generation.  

6. Postscript

In this paper, we described our phosphoric acid 
fuel cells for South Korea.  By taking advantage of the 
specifications and features of the FP-100i, we plan to 
continue marketing the fuel cell to mainly small- and 
medium-scale power producers who utilize cogenera-
tion.  We are also aiming to introduce the fuel cells to 
new markets in South Korea by capitalizing on the fuel 
cell’s ability to run on a variety of fuels such as biogas 
and hydrogen.  

Fuji Electric is committed to realizing a low-carbon,  
sustainable society to mitigate global warming by le-
veraging our proven fuel-cell technologies and develop-
ing and expanding applications that take advantage 
of the features of our fuel cells in Japan and abroad in 
order.  

winter.  The fuel cell is used in a cogeneration system 
(power generation + exhaust heat utilization) that runs 
smoothly all year round.  

Figure 9 shows fuel cells delivered to a sauna in 
Cheonho.  In order to make effective use of the park-
ing lot next to the sauna’s building, the customer built 
a new two-story steel frame structure.  We installed  
FP-100i fuel cells on top of the structure.  Saunas are 
typically located in urban areas where installation 
space is limited.  By inventing installation measures as 
this example, we met the customer’s requirements.   

Figure 10 shows fuel cells delivered to a sauna 
in Dongho.  This sauna was also located in an urban 
area.  We installed three units in the available space 
of the indoor golf driving range on the roof of the sauna 
building.  

In addition to the above examples, there are an in-
creasing number of examples where we have installed 
FP-100i fuel cells for small-scale power producers in 
sauna buildings, heated swimming pools, and other 

Fig.9  Delivery example of two 100-kW fuel cells for a sauna in 
Cheonho

Fig.10  Delivery example of three 100-kW fuel cells for a sauna 
in Dongho
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