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ABSTRACT

The Ogiri Geothermal Power Plant commenced the commercial
operation on March 1, 1996.  It is the joint project between the
Kyushu Electric Power Co., Inc. and the Nittetsu Kagoshima
Geothermal Co., Ltd., which are responsible for the power
generation and the steam production, respectively.
Concerning the cost reduction of geothermal power generation as
one of the most important factors for the geothermal
development, attention should be paid to the drilling costs of the
steam wells and the improvement in utilization factor of
geothermal power plant facilities. While the author submitted a
report titled ‘Improvement of Success Ratio of Drilling Wells’ to
the WGC 1995, the present report is to make a supplementary
statement from a point of view of the cost reduction of drilling.
The Ogiri Geothermal Power Plant has been enjoying a
satisfactory and stable work with the cumulative utilization
factor of 94.84 % (against the national average of 76.1 % in
1989) for 39 months (as of the end of May 1999) since the
beginning of the commercial operation.
The report will not only give an outline of the situation of
operation mainly of the steam producing division, the
improvement in utilization factor of the plant facilities, and the
cost reduction, but mention the future prospect.

1. INTRODUCTION

The Kirishima geothermal field is located in a hill country in the
northern part of Kagoshima Prefecture, which ranges between
700 m and 900 m high in altitude and borders on Miyazaki
Prefecture, has the hot-spring resort of Kirishima in the
neighborhood, and forms part of the scenic Kirishima-Yaku
National Park (Fig. 1).   The Ogiri Geothermal Power Plant is the
fourth one for commercial use in Kyushu and started the
commercial operation on March 1, 1996, which has enabled the
rated capacity of geothermal power plants in Japan to exceed 500
MW.  The plant generates 30 MW of electricity.  The Kyushu
Electric Power Co., Inc. and the Nittetsu Kagoshima Geothermal
Co., Ltd. are responsible for the power generation and the steam
production, respectively.  The plant is operated and monitored by
remote control from the Sendai power plant 60 km away and has
kept an extremely smooth run since the beginning of the
commercial operation.

The cost reduction of geothermal power generation is one of the
most important factors for the further development of geothermal
development in Japan.  Out of various factors such as the
shortening of development period and the cost reduction for
preliminary surveys and plant facilities, a great deal of technical
attention  should be paid to the following two factors : the cost     
reduction for drilling before and after the development works by

raising the success ratio and the improvement in utilization factor
of the plant facilities.

In addition to the previous report titled ‘Improvement of
Achievement Ratio of Drilling Wells’ , the present report gives
an outline of the relationship between the improvement in
achievement ratio of drilling wells and the cost reduction, the
situation of operation mainly of the steam producing division,
and the improvement in utilization factor of the plant facilities,
which contributes to the stable operation and the reduction in
power generation cost.  At the same time, part of the future
prospect of the project will be mentioned here.

2. DEVELOPMENT OF THE KIRISHIMA
GEOTHERMAL FIELD AND THE ACHIEVMENT
RATIO OF DRILLING  WELLS

2.1 Details of development

The Kirishima geothermal field was identified as a promising
area for the geothermal development by ‘surface surveys by
private companies’ and ‘Basic surveys for geothermal
development by the government’, which started in 1973 and
1974 respectively, and ‘Detailed surveys for geothermal
development’ initiated in 1975.  The process of a full-scale of
survey and development since 1979 is divided into the following
four stages:

1) 1979~1981 Stage of surveys
A joint survey by the Nippon Steel co., Ltd. and the Nittetsu
Mining Co., Ltd. identified a gush of steam out of three small
diameter exploration wells.  In particular, the well KE1-2 that
penetrated the Ginyu fault in shallow part spouted out a lot of
geothermal fluid, getting a start on the development of the Ogiri
geothermal field including the Ginyu reservoir.

2) 1982~1984 Surveys and early stage of development
Both of the companies continuously conducted not only drilling
of four small diameter wells and seven large diameter wells but
also borehole electric prospecting in Ginyu and Shiramizugoe
districts. Eight small diameter exploration wells were drilled in
the ‘Promotion survey of geothermal development in the Kurino-
Tearai district’ by NEDO (New Energy and Industrial
Technology Development Organization).Three of the exploration
wells drilled in the Shiramizugoe district recorded the bottom
temperature of some 300ºC, indicating prospects of the district.
However, they are partially associated with acidic thermal water,
so that the geothermal development of the district has been
transferred to the stage . Exploration wells in the Ginyu district
not only showed a strong outflow of thermal fluid around the
Ginyu fault as expected but ascertained the southeastern
extension of the fault as well.

3) 1985~1987 Middle stage of development - Verification survey
 of potentiality of the Ginyu district
Out of five large diameter exploration wells drilled in the Ginyu
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district, the eastern borehole (KE1-19S), the central one (KE1-
17: NT-A1) and the western one (KE1-22: NT-C2) showed an
outflow of thermal water.  Combined with the data of surface
surveys and borehole electric prospecting, the Ginyu fault has
been identified as a highly permeable geothermal reservoir with a
strike extension of 1,200 m.
A simultaneous outflow-reinjection test equivalent to 125t/hr and
14 MW, which was subsequently carried out for three months,
verified a stable quantity and quality of geothermal fluid. The
‘Estimation Committee of the Geothermal Project in the Ogiri
District’ of the Kyushu Electric Power Co., Inc. Identified the
reservoir as a resource with a feasible potentiality of 30 MW.

4) Stage of development
The Nittetsu Kagoshima Geothermal Co., Ltd. was founded for
the smooth and efficient promotion of the geothermal
development in the Kirishima district, and drilled seven
production wells and seven reinjection wells.  The subsequent
simultaneous outflow-reinjection test for ten production wells
including wells for diverted use and nine reinjection wells
completed the production system. After a short-term assessment
survey on environmental effects, the construction of steam
supply facilities and a power plant, and a trial run, the plant
started the commercial operation on March 1, 1996.

2.2 Achievement ratios of drilling wells in the stages ranging
from survey to development

Achievement ratios of drilling wells in the stages ranging from
survey to development estimated by Kodama (1995) and Maki et
al. (1996) are summarized in Table 1.

3. OGIRI POWER PLANT AND UTILIZATION FACTOR
OF  THE  FACILITIES

3.1 Outline of the facilities

The Ogiri power plant is located in the center of the site
measuring 500 m wide and 1,500 m long on the slope of a gentle
hill ranging from 700 m to 900 m high above sea level.
Production wells are drilled in the eastern and central parts of the
Ginyu fault with higher altitudes, while reinjection wells are
arranged in lower parts.  This arrangement enables the steam-
water separation in the site and the reinjection by natural flow.
The layout of facilities related to the steam supply is shown in
Fig. 2, whilst Tables 2 and 3 summarize an outline of facilities of
the power plant and resources’ characteristics in the Kirishima
district, respectively.

3.2 Utilization factor of geothermal power plants

In Japan are working 19 geothermal power plants with a total
generation capacity of 533 (544) MW.  Table 4 shows the
utilization factors of plant facilities and others.

3.3 Utilization factors of plant facilities and stoppage factors
The operational style and environmental problems ask
geothermal power plants for a higher utilization factor of plant
facilities.  The Ogiri power plant has maintained a highly stable
work with acumulative utilization factor amounting to as high as
94.84 % for 39 months (as of the end of May, 1999) since it
started the commercial operation on March 1, 1996. The
breakdown of the stoppage measuring as small as 5.16 % is listed
in Table 5.

Inadequate parts in the steam supply facilities were remedied in
the first operational year without any change of the basic design.
Doubling of level control valve and changes to geothermal
specifications were applied to some parts of the facilities for the
safety improvement.  Through an accumulation of regular
repairing and daily checking, a legal program best-suited to the
resources characteristics is expected to be devised under the
collaboration with the power generation division.

3.4 Main factors controlling utilization factor of plant
facilities

The geothermal power generation is a (joint) project of resource-
environment-facilities-type. Main factors controlling the
utilization factor of plant facilities are classified as shown in
Table 6. The facilities factors and the common factors are
previously mentioned in the section 3.3 in connection with the
utilization factor of facilities of the Ogiri power plant.  While no
phenomenon has required any change in the basic model of
geothermal structure and the resource estimation at the
programming stage in the initial three years equivalent to one
fifth of the project life with reference to the resource factors, they
will be given a full account in a separate report after a
satisfactory understanding of the actual performance.

4. ACHIEVMENT RATIO OF DRILLING WELLS,
UTILIZATION FACTOR OF PLANT FACILITIES, AND
GEOTHERMAL POWER GENERATION COST

4.1 Achievement ratio and success ratio of drilling wells and
cost analysis

The steam production ranges from 64 % to 70 % of the power
generation cost in Japan , averaging some 65 %.  Further, some
50 % of the power generation cost is spent as the initial cost of
steam production.  The drilling cost ranges from 24 % to 31 % of
the power generation cost with an average of about 30 %.  The
running cost occupies 27 % of the power generation cost, of
which 14 % and 13 % are spent for steam production and power
generation, respectively. According to a cost analysis of power
generation (Matsuda,1991) based on a cost model, the
improvement from 50 % to 70 % and from 80 % to 90 % in
success ratio of exploration wells and development wells,
respectively, leads to 7.1 % of the reduction in power generation
cost. In short, a 10 % increment of the success ratio of
development wells contributes to a 5 % reduction in power
generation cost.  In the stage I of the Ogiri district, the
achievement ratio of drilling wells  attained to as high as 88 % to
92 % (equivalent to 100 % in success ratio) instead of the
planned ratio of 80 %, which contributed to a great reduction in
power generation cost.

4.2 Utilization factor of plant facilities and power generation
cost

According to a sensitivity analysis by Maki et al. (1996) and
Matsuda (1991), a 5 % improvement in utilization factor of plant
facilities reduces the power generation cost by 5 to 6 % under the
condition that the utilization factor of plant facilities is raised
from 80 % to 90 % at the auxiliary power ratio of 7 %. Since an
improvement in utilization factor of plant facilities makes a great
deal of contribution to a reduction in power generation cost, not
only an improvement in utilization factor of the existing facilities
but also a high utilization factor for additional facilities should be

2128



                                                                                                                                                           Kodama

secured through a full consideration of cost versus effect. The
utilization factor of plant facilities is an important index for
operation and management of geothermal power generation.  Our
company, which fully satisfies the planned value of 90 % in
utilization factor of plant facilities as a steam supplier for the
Ogiri power plant at the moment, will try to maintain a stable
supply in the future, too.

5. DISCUSSIONS AND CONCLUSIONS

While the existing geothermal power plants might have fewer
advantages than the other power sources just after the
construction, they have some advantages for reinvigoration of
local economies and as a countermeasure against environmental
problems.

Geothermal power plants maintaining a high utilization factor of
plant facilities never compare unfavorably with the other sources
in an economic point of view when the life-cycle is taken into
account.  Such long-term problems as a rise in oil price, earth
warming, and utilization of domestic energy are expected to
necessitate a long-range plan for the geothermal development.
Various measures to reduce drilling-related costs and improve
the utilization factor of plant facilities should be taken for the
steam supply in the long-term geothermal development,
including the stages of survey and development, initial operation,
and continuous full operation.  For that, it will be required to
keep technologies for improving the achievement ratio of drilling
wells and facilities and technologies for securing a high
utilization factor of plant facilities at a suitable level.

In the Stage I representing the first development period of the
Kirishima geothermal field, the supply of steam to the Ogiri
power plant has been maintained at an appropriate level, while
insufficient experience in management and estimation of the
resource reserves has compelled us to operate at a common
technical level in the geothermal industry.  Taking the
geothermal development in the Shiramizugoe district
representing the stage  into consideration, we would like to
build up a high level of our own technologies suitable for the
Kirishima district, including countermeasures against acidic
geothermal resources and improvement in well productivity.
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