
Coal is an inexpensive fuel, and the amount of its minable 
reserve is larger than the amount of minable reserve of any 
other fossil fuel. In addition, coal is present in many countries 
around the world unlike oil, natural gas, etc., which are present 
only in certain countries. On the other hand, coal emits more 
CO2 than any other fossil fuel when burned and contains large 
amounts of environmentally hazardous substances such as 
sulfur and ash. 

Because of these facts, efforts to develop and put into 
practical use a next-generation coal-fired thermal power 
generation system with smaller coal consumption and higher 
power generation efficiency than existing coal-fired thermal 
power generation systems (which is called the “Integrated 
Coal Gasification Combined Cycle (IGCC)”) have been 
pursued using technologies of MITSUBISHI HITACHI POWER 
SYSTEMS, LTD. (MHPS; the company name at the time was 
Mitsubishi Heavy Industries, Ltd.) and making use of the NEDO 
project and other projects, with electric power companies 
leading the research and development. 

The development of the IGCC technology started in 1983 
with experiments conducted at the Central Research Institute 
of Electric Power Industry using 2-ton/day basic experiment 
equipment. In 1986, a 200-ton/day pilot plant was constructed 
on the premises of the Nakoso Power Station (located in Iwaki 
City of Fukushima Prefecture) of JOBAN JOINT POWER CO., 
LTD. Within the project of NEDO. In 1991, research on the 
operation of the pilot plant using the plant was started. The 
research encountered many problems in the beginning, but 
ultimately 789-hour continuous operation was achieved in 
1996, the year in which the project was completed. 

After completion of the project, various tests for realizing a 
demonstration plant were conducted at the Comprehensive 
IGCC Test Facility in the Nagasaki Research Institute of 
Mitsubishi Heavy Industries, Ltd. As a result, a 250,000kW-class 
demonstration plant (owned by Clean Coal Power R&D Co., 
L T D . )  w a s  c o n s t r u c t e d  o n  t h e  p r e m i s e s  o f  t h e  
above-mentioned Nakoso Power Station. The demonstration 
plant achieved power generation efficiency on par with that of 
state-of-the-art coal-fired thermal power stations. Thereafter 
the plant was taken over by JOBAN JOINT POWER CO., LTD., 
and, started operation as a commercial plant on June 30, 
2013. In December 2013, the plant demonstrated its high 
reliability by achieving 3917-hour continuous operation, which 
set the world record for IGCC. 

MITSUBISHI HITACHI POWER SYSTEMS, LTD. 
JOBAN JOINT POWER CO., LTD. 

December 2012

This success showed that it was possible to achieve 
coal-fired thermal power plants whose coal consumption is 
about 20% less than that of traditional coal-fired thermal 
power plants and whose power generation efficiency is 48 to 
50% ( in terms of  LHV at  the upstream end of  power 
t r ansm i s s i on ) .  Cu r ren t l y ,  a  p l an  to  cons t r uc t  two  
500,000kW-class high-efficiency demonstration plants is being 
made as part of the project for establishing power sources for 
helping Fukushima recover from the effects of the earthquake 
(The two demonstration plants will be put into operation in the 
early 2020s).
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・Project for the Development of an Entrained Bed Coal 
Gasification Power Generation Plant (FY1986-1996) ,etc.

The gasification furnace viewed from below 

The demonstration plant that set the world record in continuous IGCC 
operation (Unit 10 of the Nakoso Power Station of JOBAN JOINT 
POWER CO., LTD.) 
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JFE Engineering Corporation

　The greater part of the municipal waste in Japan is treat-
ed through the use of stoker furnaces, where waste is 
placed on fire grates and burned. In response to the need 
for waste incinerators with higher energy recovery efficien-
cy and lower pollution levels, JFE Engineering Corporation 
developed a new type of stoker furnace.
　The new stoker furnace combines a combustion system 
capable of stable combustion through the equalization of 
air blowing in, a furnace shape that effectively mixes 
unburned and burned gases produced during the incinera-
tion process to reduce the discharge of toxic gases and 
control technology that achieves stable combustion via a 
fuzzy control system.
　The company has also completed development of its 
Hyper 21 Stoker System as part of the Research and Devel-
opment on Advanced High-temperature Air Combustion 
Control Technology by combining high-temperature air 
blow and exhaust gas recirculation technologies.
　To realize high-efficiency energy recovery, it is important 
to reduce the air ratio. However, if the value is too small, 
incomplete combustion occurs, resulting in the discharge 
of a considerable amount of toxic gases. With the new 
technology that has been developed, blowing in high-tem-
perature air increases the stability of combustion at low-air 
ratios, thereby minimizing the production of toxic gases.
　In April 2009, the Kunisaki Clean Center was completed 
in the eastern part of Hyogo Prefecture and the Hyper 21 
Stoker System was put to practical use for the first time at 
the facility. “We have adopted stringent, high-level environ-
mental standards, in view of standards required by munici-
pal governments throughout Japan and in Europe,” says 
Tsunekazu Moriyoshi of JFE Engineering. He added, “Our 
new technologies will enable us to achieve our objective of 
adhering to these standards.”
　Today, the Hyper 21 Stoker System is currently in opera-
tion or under construction in ten plants in Japan. By evalu-
ating feedback on the actual performance of these furnac-
es, JFE Engineering will continue its efforts to develop even 
more efficient and cleaner waste disposal techniques.

March 2009
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・ R e s e a r c h  a n d  D e v e l o p m e n t  o n  A d v a n c e d  
High-temperature Air Combustion Control Technology 
(FY1999‒FY2003)

Kunisaki Clean Center, the first facility to install the Hyper 21 Stoker 
System
Two furnaces are able to treat 235 tons of waste per day. 
Recovered heat from furnace is used to generate power and heat 
water.

Control room at the Kunisaki Clean Center

Inner wall of a furnace
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Q. Why did this project start? 
Japan relies on other countries for about 90% of the energy resources it uses, and changes in 

trends in the international demand and supply of energy resources can seriously affect social and 
economic activities in Japan. Among these energy resources, coal is an economical energy resource 
and  the stability of supply of coal is higher than the stability of supply of any other fossil fuel because 
coal occurs in many countries around the world and it estimated to be minable for at least the next 
109 years. For these reasons, coal is regarded in Japan as an important energy resource for the 
nation in the future as well. However, there are environmental challenges that must be addressed 
including the fact that coal emits more CO2 than any other fossil fuel when burned (per unit heat 
generated). After the two oil crises the nation experienced, Japan has pursued the development of 
technologies for effective utilization of coal along with the development of energy-saving technologies 
and new energy sources.  
Today, not only diversifying energy resources but also reducing environmental impacts by 

developing “clean coal technologies” including measures to alleviate global warming has become an 
important task.  
 

Q. What was the aim of the project?  
IGCC is a combined power generation system that transforms coal into flammable gas in a 

high-temperature, high-pressure gasification furnace, introduces the obtained flammable gas into gas 
turbines to generate electricity, and collects the waste heat from the gas-based power generation in 
the form of steam and uses the collected steam to generate electricity with steam turbines. This 
project aimed at increasing types of coals that can be used for coal-fired thermal power generation 
and reducing the environmental impacts of coal-fired thermal power generation by putting IGCC into 
practical use, to achieve more effective utilization of coal, which is more economical than other fossil 
fuels and whose supply is more stable than other fossil fuels, because the problem of increasing 
international demands for energy resources against the limited supplies and with ongoing sharp rises 
in the prices of energy resources. In particular, the air-blown IGCC technology adopted by this project 
as a candidate technology is a revolutionary technology that is attracting attention not only from 
Japanese companies but also from overseas companies for its high efficiency and reliability. Air-blown 
IGCC requires the establishment of new technologies such as the two-stage, two-chamber entrained 
bed technology that efficiently gasifies pulverized coal by using air. In this project, a demonstration 
plant (of the same type as commercial units) whose output (250,000kW) was one-half the output of 
commercial units (500,000 to 600,000kW) was constructed and operation tests were conducted 
using the demonstration plant, to verify that the reliability, durability, efficiency and economic 
efficiency required for the introduction of commercial IGCC systems can be achieved.  
 

Q. What is the role of NEDO? 
The development of IGCC was initiated after the first oil crisis with the aim of enabling Japan to 

cope with further oil crises. In response to the increasing demand for the development of coal-based 
high-efficiency and environmentally-friendly power generation technologies, NEDO conducted IGCC 
feasibility studies during the period from 1983 to 1985. A research plan for IGCC was developed in 
1985 based on the results of the feasibility studies, and it was decided to develop a pilot IGCC plant. 
Because it was expected that putting the technology into practical use would involve high 
technological risks and require a long development period and huge development investments, the 
involvement of the national government was essential. So, the Ministry of Economy, Trade and 
Industry and NEDO have actively supported the development and demonstration tests of IGCC during 
the period from 1986 to 2009.  
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