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also possible to exchange the catalyst during operation 
when necessary.

3.2.3 Establishment of formation technology 
for synthesis gas suitable for JFE Process

When synthesis gas is obtained by reforming gas, 
even when an authothermal reformer (hereinafter, ATR) 
using oxygen is employed, the molar ratio of H2/CO in 
the synthesis gas being formed is ordinarily 1.8–2.8. 
With the JFE Process, gas with a ratio of H2/CO � 1, 
which is the optimum for the JFE Process, can be 
obtained by recycling the byproduct CO2 from DME 
synthesis in Eq. (a) to the ATR.

2CH4 � O2 � CO2 / 3CO � 3H2 � H2O

4. History of Technical Development 
of JFE Process

At the beginning of the 1990s, the former NKK 
before the merger creating the JFE Group, with the 
cooperation of the Prof. Fujimoto’s Laboratory in the 
Department of Synthetic Chemistry (of the time), Fac-
ulty of Engineering, University of Tokyo, developed a 
DME direct synthesis catalyst with the aim of effectively 
utilizing by-produced gas in the steel works. This was 
the fi rst step in this development. Thereafter, begin-
ning in 1994, research and development were carried 
out using a small-scale 50 kg/d bench plant installed in 
the technology research center of former NKK, and the 
basic technology of the DME direct synthesis process 
was established. Then, over a 5 year period from 1997, 
a 5 t/d large-scale bench plant was constructed on the 
premises of the Taiheiyo Coal Mining Co., Ltd. (of the 
time) in Kushiro, Hokkaido with support from the Cen-
ter for Coal Utilization, Japan. Research and develop-
ment were continued, and the element technologies of 
the JFE Process as a whole, including the synthesis gas 
generating equipment, were completed. Beginning in 
2002, a 100 t/d demonstration plant project was carried 
out for the purpose of technical development for com-
mercialization of the JFE Process as a funded project of 
the Agency for Natural Resources and Energy.

5. 100 t/d Demonstration Plant Project

In Dec. 2001, DME Development Co., Ltd. was 
established as the entity responsible for implementing 
the 100 t/d demonstration plant project by a group of 10 
companies, including the former NKK, Nippon Sanso 
Corp., Toyota Tsusho Corp., Hitachi Ltd., Marubeni 
Corp., Idemitsu Kokan Co., Ltd., INPEX Corp., LNG 
Japan Corp., TotalFinaElf, and Japan Petroleum Explora-
tion Co., Ltd. A large number of persons with experience 

in the development of the JFE Process are participat-
ing in DME Development Co., Ltd., and following the 
decision of the basic plant specifi cations and equipment 
design/construction management and completion, have 
been engaged in operational research. In Aug. 2002, JFE 
Engineering, and Nippon Sanso Corp. received the order 
for the plant design and construction from DME Devel-
opment Co., Ltd. and began construction work in Shira-
nuka-cho, Hokkaido in Sept. of the same year. Detailed 
design and construction of the equipment were carried 
out under the general supervision of JFE Engineering 
with the cooperation of the JFE Group. Construction of 
the equipment was completed at the end of Nov. 2003 
after a short period of 15 months. A general view of the 
100 t/d demonstration plant is shown in Photo 1. Over-
all trial operation was carried out from Dec. of the same 
year through Jan. 2004. As scheduled in the master plan 
shown in Table 1, during the period from fi scal year 
2004 to 2006, verifi cation of the technology will be car-
ried out by conducting 5 continuous runs of 2–3 months 
each, and various kinds of engineering data will be col-
lected for establishment of the technology for scaling-up 
to a commercial plant.

5.1 Outline of 100 t/d Demonstration Plant 
Equipment 

A process fl ow diagram of the 100 t/d demonstra-
tion plant is shown in Fig. 1. This demonstration plant 
has been designed to carry out demonstration tests for 

Photo 1  Over view of DME 100 t/d plant

Run 100

Run 200

Run 300

Run 400

Run 500

Run 600

Test number Period
Duration
(month)

Main objective

Dec. 2003–
Jan. 2004

June 2004–
July 2004

Sept. 2004–
Dec. 2004

June 2005–
Sept. 2005

Oct. 2005–
Dec. 2005

June 2006–
Aug. 2006

1.5

2

2.5

3

2

2.5

Overall plant trial operation

100% Load plant overall 
operation

Engineering date for scale 
up

Continuous plant operation 
over 3 months

Plant operation to verify 
scale up technology

Additional advanced 
engineering data

Table 1 Master plan of test operation
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tion of the JFE Process will be carried out in accordance 
with the original project plan. The second test run (Run 
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of this paper. Technical details, including operational 
results of the demonstration power plant, are scheduled 
to be reported on another occasion.

7. Conclusion

Dimethyl ether (DME) is a new fuel which is 
ex


