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Cover & P.2: Kyushu Electric Power Co., Inc., Hatchobaru Power Plant, Oita Prefecture
P.3: Chubu Electric Power Co., Inc., Tokuyama Hydroelectric Power Plant, Gifu Prefecture

Transforming Blessings of the Earth and Sky into

ENE RGY

TOKUYAMA
in

GEOTHERMAL
High-temperature water from deep underground furnishes
a vast and constantly replenishable energy resource.

GIFU Prefecture

HATCHOBARU

HYDROPOWER

in

OITA Prefecture

High-pressure flow of water through
pipes generates hydroelectric power.
Awash with nature’s bounty, Japan has various sources of renewable energy directly tied to the land.
They can be put into service to benefit power consumers without importing fossil fuels. Among these,
geothermal energy and hydropower hold promise for providing a stable supply of electricity. MHI has been
engaged in constructing hydroelectric power plants for almost a century and geothermal power plants for
half that long. We invite you to explore the options for generating electricity using sustainable energy.
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You can also view this on the “MHI Graph” page of MHI’s website
(http://www.mhi-global.com/discover/graph/index.html).
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1967
First waterdominated
geothermal power
plant in Japan
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28,800 kW
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More efficient
production of
Earth’s energy

Onikobe (MIYAGI)
15,000 kW

Yanaizunishiyama

Hatchobaru
binary (OITA)

(FUKUSHIMA)

65,000 kW

2,000kW
kW

Otake (OITA)

12,500 kW

The double-flash steam
cycle can generate about
20% more power than
the conventional method.
Converting hot water into
steam with the flasher
generates power more
efficiently.

Hachijojima

Hatchobaru

(TOKYO)

3,300 kW

(OITA)

Yamagawa
(KAGOSHIMA)

30,000 kW

Ogiri

power plants
110,000 kW * Only
for the electric
power industry
(as of October 2012)

(KAGOSHIMA)

30,000 kW

GEOTHERMAL
‘Hatchobaru Type,’ the global standard

Resources
from the
Earth’s
bounty

Energy to
power
approximately
36,000
households

Steam drives
turbine gene
rators
to produce el
ectricity.

Steam and hot water captured from the
ground are sent to the power plant
through a two-phase flow transmission
pipe. A single-pipe design reduces the
construction cost.
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Geothermal power plants in Japan

The Otake Power Plant began
generating electricity in 1967 in
Oita Prefecture. Because of
the lessons learned from the
Otake project, the Hatchobaru
Power Plant incorporated the
double-flash cycle method.

The turbine rotates at 3,600 rpm to run
the generator, producing 55,000 kW of
electricity per hour.

After the steam does its work in the
turbine, it is drawn into the condenser,
where it becomes moderately hot water.
The cooling tower lowers the warm
water’s temperature and sends it back for
cooling purposes to the condenser.

View video clips on
MHI’s website

The binary cycle method allows
water at lower temperatures to
be used. This extends the life
cycle of the heat sources and
expands the possibilities for
energy sources not previously
utilized in geothermal power
generation.

Geothermal power plants create electricity by harnessing the energy present in steam from
underground water that has been heated by magma. When Unit No. 1 of the Hatchobaru
Power Plant came online in 1977, the innovative system sparked worldwide interest. This system,
developed by MHI* and known as the “Hatchobaru Type,” has been adopted around the globe.

*

The geothermal power
business was transferred to
Mitsubishi Hitachi Power
Systems, Ltd. ( joint venture
of MHI and Hitachi, Ltd.) in
2014. The project is ongoing,
and, thus, the name MHI is
used here.

Power generation systems for geothermal installations
built by MHI are generating electricity in 13 countries.
Geothermal power generation is attracting favorable
attention because it can deliver a practically inexhaustible
reserve of energy night and day, regardless of the weather.
How has this remarkable power generation system been
developed?
MHI teamed up with Kyushu Electric Power Co., Inc. in
1964 to develop a geothermal power generation system.
MHI delivered Japan’s first water-dominated geothermal
power plant — the Otake Power Plant — which was
commissioned in 1967. In 1977, MHI established itself as a
pioneer in the geothermal arena with an innovative
“double-flash cycle method” at the Hatchobaru Power Plant.
MHI has delivered more than 100 geothermal power
Visit the “MHI Graph” page on MHI’s website
(http://www.mhi-global.com/discover/graph/index.html) to view video clips.

plants to customers in 13 countries, including the U.S.
and Iceland. The total electric capacity of these plants
accounts for approximately 30% of the world’s installed
geothermal electric capacity.
New developments in geothermal power generation
continue apace. Conversion to the “binary cycle system,”
which efficiently extracts energy from a low-temperature
geothermal heat source, is under way for many of the
currently operating facilities. MHI’s goal is to lead the
technology vanguard to develop energy sources more
friendly to the environment.
Refer to P.8 for more info on the double-flash steam cycle
and geothermal energy.
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HYDROPOWER
Penstocks to convey water to the turbine

In order to permit a huge amount
of water to flow through a steep
slope of as much as 50 degrees,
high-tensile-strength steel that can
withstand higher water pressure is
used for the penstocks. MHI is
among only a few companies in
Japan that possess the specialized
skills necessary to accomplish the
demanding welding tasks.

*

1995

PAST

NOW
2014

2014.05〜

FUTURE

Okumino Power Plant,
once Japan’s largest
hydropower station

Tokuyama Hydroelectric
Power Plant, a new
source of energy

The 1,500,000 kW Okumino Power
Plant went into operation in 1995. At
the time, it was Japan’s largest
hydroelectric plant. Technological
developments resulting from work
on this penstock were instrumental
in future plant projects.

The Tokuyama Hydroelectric Power
Plant is a new source of electricity for
an area served by Chubu Electric Power
Co., Inc. It achieves a maximum output
of 153,400 kW — the power equivalent
for about 80,000 households (based on
the estimated annual power generation
of about 300,000,000 kWh).
Courtesy of Chubu Electric Power Co., Inc.
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Part of the hydroelectric power business was transferred to Mitsubishi Heavy
Industries Mechatronics Systems, Ltd. (wholly owned by MHI) in 2009. The
project is ongoing, and, thus, the name MHI is used here.

Technology and experience
connecting penstock pipes

The maximum penstock pipe
incline is approximately 50 degrees.
This drop in height produces
immense water power.
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Hydroelectric power generation taps the energy of water
flowing down from a higher level to a lower level.
MHI* has a long history of manufacturing penstocks for
hydroelectric power plants dating back to 1921.
MHI’s know-how and advanced welding technology
proved invaluable to the completion of the
Tokuyama Hydroelectric Power Plant.

Hydroelectric power generation has played a vital role in
people’s lives for many years. MHI has manufactured and installed
more than 60,000 kilometers of penstocks for hydroelectric power
plants, both in Japan and abroad, as well as turbines, pumps, and
other key components. MHI was a major contractor in the
construction of the Okumino Power Plant in Gifu, Kannagawa
Power Plant in Gunma, and Omarugawa Power Plant in Miyazaki.
The company installed the penstocks that transfer water to the
turbines directly connected to the generator from the dam
reservoir for Tokuyama Hydroelectric Power Plant. The Tokuyama
plant boasts a maximum capacity of 153,400 kW and started
generating power in May 2014.
During the construction process, a workshop with an automatic
welder was built on the site. Each piece of steel piping for the
penstocks was precisely welded to meet the steep gradient of up to
about 50 degrees. The combined length of the steel pipes reached
approximately 900 meters. “MHI demonstrated advanced
technical skills in welding, which was especially important given
the strict time constraints of the construction process,”
commented Kenji Kuwabara, Vice-Director of the Tokuyama
Hydroelectric Power construction site for Chubu Electric Power
Co., Inc. MHI’s expertise also supports numerous hydroelectric
power plants all over the world.
MHI is strengthening its competitiveness internationally, as
demand for energy production relying on water resources
continues to grow in Asia, Latin America and other regions.
Refer to P.9 for more info on penstock and hydropower.

Read interviews with MHI staff and customers involved in
the installation of penstocks on “MHI Graph”
page of MHI’s website
(http://www.mhi-global.com/discover/graph/index.html).
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After placing the penstock in the tunnel,
workers enter the access hole to weld
and inspect the roughly 5-meter-diameter
cylindrical structure.
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Energy for
daily living

Hydropower plants exploit the movement of falling
water to generate electricity. A large difference in
height and an enormous volume of water result in
incredible force on the turbine. Strong penstocks
capable of withstanding such force are required.

View video clips on
MHI’s website

Optimizing limited resources
for the future
MHI is committed to developing natural energy sources
that are constantly and sustainably replenished. To
derive electricity in harmony with nature, MHI has
achieved numerous technological innovations that
permit greater access to renewable energy sources
and enable more efficient harnessing of power.
Courtesy of Gifu City
Visit the “MHI Graph” page on MHI’s website
(http://www.mhi-global.com/discover/graph/index.html) to view video clips.
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Geothermal energy and
hydropower = electric power
How can you obtain renewable energy from natural sources and at the same
time improve the efficiency of power generation? We’ll see how geothermal
energy and the power of water can be captured and turned into electricity.

Hydroelectric Power Generation
Illustration of Tokuyama Hydroelectric Power Plant
Dam lake

Geothermal Power Generation
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Accessing geothermal energy

What is a
“geothermal aquife
r” ?

Power plant

The ene rgy sou rce of
geo the rm al act ivit y is
the
ma gm a cha mb ers cre
ate d by fric tion al hea
t fro m
plate movement and oth
er factors. The temper
ature
sev era l kilo me ter s bel
ow the gro und in are
as of
high geothermal energy
density, where volcan
oes,
natural fumaroles, and
hot springs exist, is aro
und
1,000℃. If a clayey cap
rock, or other imperm
eable
formation through wh
ich water does not pas
s, sits
ab ove the ge oth erm
al zon e, the ho t wa
ter and
steam rising from the
deeper core become
trapped
beneath the layer of imp
ermeable rock. This nat
ural
process forms a geothe
rmal aquifer.
Dri llin g a ste am we ll
into the geo the rm al aqu
ifer
facilitates access to this
powerful source of ene
rgy.
Th e illu str ati on de pic
ts a geo the rm al ele ctr
icit y
power plant as it would
be constructed in an
area
containing reachable
geothermal resources
.

Groundwater
Caprock
(impermeable formation)
Redundant hot water is
returned under
the ground.

Steam well

Rainwater
permeates
the ground to
become hot water.

Geothermal
aquifers
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Dam
Penstock

Power plant

Magma chamber
Revised from “Walking with the earth: Geothermal energy” Serial No. 87
(July 1999) on MHI’ s website

Revised from “Electricity Tomorrow” in Chubu Electric Power Co., Inc. website

Branched water pipe

Efficient means for harnessing geothermal energy

Steam separator
Two-phase flow
transmission pipeline

Steam
Hot water

Generator
Turbine

Hot water
and steam

Steam well
Flasher
Condenser
Moderately
hot water
Cooling water

Cooling tower
Revised from “Guide of Geothermal Power Plant”
by Kyushu Electric Power Co., Inc.
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The ideal system to
generate low-cost electricity

Double-flash steam cycle
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Branched
pipe

How does geothermal energy produce electricity? In a
single-flash steam cycle, a mixture of hot water and steam
extracted from the steam well is transferred to the steam separator
via a two-phase flow transmission pipeline. The steam
separated here drives a turbine, which spins a generator to create
electricity. After producing electricity, the exhaust steam is cooled
in the condenser and conveyed to the cooling tower as moderately
hot water. The warm water is further cooled in the atmosphere and
routed back to the condenser for reuse as cooling water.
In a double-flash steam cycle, the hot water separated in the
separator is then turned into vapor in the flasher through a
reduction in pressure. This flashed steam is also used to produce
electricity. Output increases by almost 20% compared with the
single-flash steam cycle.
The binary cycle method employs a secondary, or binary, fluid
whose boiling point is lower than water. Geothermal energy
converts the binary fluid into steam. The steam in turn rotates the
turbine of an electrical generator. Since the binary cycle can
operate with geothermal fluid at lower temperatures from a heat
source close to the Earth’ s surface, this technique is taking on
greater interest thanks to the smaller initial investment for
exploration and survey.

Welding a branched pipe connecting two
penstocks is done carefully to accommodate
the extremely strong force of water that
occurs at this spot.

High-tensile steel for high strength and excellent durability
A penstock is a pipe that transports water from the dam
lake to drive the turbine in the power station. Penstocks are
made from high-tensile steel. It has a long service life and
can stand up to the force of water without the need for even
heavier material.
The steel pipeline in the Tokuyama Hydroelectric Power
Plant spans about 900 meters and features a maximum
diameter of 5 meters. The maximum strength of the steel
pipes for the plant is 570 MPa (steel for general construction
You can also view this on the “MHI Graph” page of MHI’s website
(http://www.mhi-global.com/discover/graph/index.html).

is about 400 MPa). The Okumino Hydraulic Power Plant and
Kannagawa Hydraulic Power Plant also benefit from steel
penstocks with superior tensile strength grades.
However, working with high-tensile steel demands great
skill and specialized welding technology, including accurate
temperature controls. MHI is the only Japanese company
with an excellent track record of handling high-tensile 100k
steel materials.

MHI graph

* For the topics in bold, refer to the pictures on P.4-7.
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