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Historical Development of Hydraulic Turbines and Pump-turbines for Hydropower and Pumped Storage Power Plants
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M Abstract

The electric power industry in Japan commenced when the Tokyo Electric Light Co. (Tokyo Dento Kaisha)
was established in 1883 and started power distribution services in 1887. In the same year, many other electric
light companies were established in other parts of Japan, such as Nagoya and Kansai regions.

In 1885, the Kyoto Prefectural Government started the construction of the “Lake Biwa Canal” (Biwako Sosui)
to conduct the water from the lake to the city of Kyoto. By utilizing the geodetic head of the canal, Keage
Hydroelectric Power Station was constructed and it started to deliver electric power to the surrounding indus-
tries in 1891. It was the first hydroelectric power plant operated by a utility company.

After then, large capacity generation by using 3-phase AC generators and long distance power transmission
by implementing high voltage technologies became available. These technologies enabled to utilize the electric
power generated at remote hydropower plants. This encouraged the utilities to construct many large capacity
hydropower plants to cope with the rapid increase of power demand. As a result, in 1912, the total output of
hydropower plants in Japan exceeded that of thermal power plants. Since then, more than half of the power gen-
eration in Japan has been borne by hydropower until 1963 when thermal power became dominant once again.
However, the hydraulic turbines installed in the then hydropower plants were mostly imported from Europe or
the United States. The total output of the turbines manufactured by domestic manufacturers during the Meiji
era (until 1912) was only about 8000 HP with the maximum unit output being 500 HP.

In the Taisho era (1912-26), domestic industry became capable of manufacturing hydraulic turbines with a
capacity exceeding 1,000kW. During World War I (1914-1918), domestic production of hydraulic turbines
increased remarkably as a result of the embargo on the import of hydraulic turbines from Germany as well as
the war boom. After the war though, the production temporarily stagnated as a result of the recession from 1920
and the Great Kanto Earthquake in 1923. However, it revived again after entering the Showa era (from 1926)
owing to the remarkable increase in the demand for electric power resulting from the electrification of industry
and railways, and many turbines with a large capacity up to about 10MW were turned out.

In the beginning of the Showa era (1926-), an ambitious project was proposed, which aimed to produce nitroge-
nous fertilizer by utilizing the electric power exploited from the abundant hydropower potential in the northern
part of Korean Peninsula. It was a magnificent project to divert three tributaries of Yalu River at the border of
North Korea and China to the Japan Sea and to construct 12 hydropower plants with total output of 1,000MW
by utilizing the big geodetic head obtained by the diversion. It was planned to use about 40 units of large
hydropower generating units with capacities ranging from 20 to 40 MW, although at the time only 10 to 15 MW
units could be manufactured by domestic manufacturers. A domestic manufacturer overcame tough competition
from overseas manufacturers and successfully won most of the contracts for this project to supply 35 units for
11 power plants, 880MW in total.

By the experiences with these turbines, this manufacturer successfully won the contract for the turbines for
Supung Power Station on the Yalu River in 1938. The power station was equipped with 7 units of 106MW tur-
bines which were the then world largest machines in terms of unit capacity surpassing the 8SMW turbines at
Boulder Dam in the United States. However, since international relationships were strained already at that time
and the economic sanctions against Japan were being tightened, the manufacturer had difficulty in procuring the
steel material. However, in spite of such adversity, the first unit was successfully commissioned in August 1941
owing to the great effort of all involved in the project. As this was the first machine to break a world record
ever produced by the Japanese heavy electrical machinery industry, it should be noted as a significant milestone
in the overall development of the industry.

After World War II, the Japanese government planned to restore the electric power generation by construct-
ing hydropower stations since it could not afford to procure necessary coal for thermal power generation. The
government issued a 5-year program to accelerate electric power development and, in 1949, licensed the utilities
to construct 38 hydropower stations. These power stations equipped with 70-95MW hydropower generating
units were successively commissioned in the 1950's and contributed to the reconstruction of the Japanese indus-
try after the war.

In 1952, Electric Power Development Co. was established, which was a government subsidized company aim-
ing to develop large hydropower projects, and it constructed many large capacity hydropower plants in 1950's.
The contracts for these turbines were placed on domestic manufacturers to enhance their technologies.

As the development of domestic large hydropower stations was mostly completed before 1960, domestic tur-



bine manufacturers directed their business toward overseas market. Since the currency exchange rate at that
time was favored exporting, Japanese products, many large capacity turbines with capacities of 100-300MW,
exceeding by far the capacities of those in use at domestic power plants, were exported to various countries.
Especially, in Venezuela, Indonesia, Turkey and Tasmania, more than half of the total capacity of their
hydropower came from turbines exported from Japan. They included the turbines that had not only the largest
capacity in the world at that time but also the largest turbines in size with runner diameters of 9.8m. By manu-
facturing units such as these, Japanese manufacturers were able to both build their experiences and to strength-
en their design and production capabilities.

Due to the increase of both large capacity thermal and nuclear power plants since the 1960's, electric power
generation in Japan became inflexible as they were unable to change their output rapidly. Then it was feared
that this would cause difficulty in following the rapid fluctuation of power demand in the network and it might
cause a serious problem such as frequency fluctuation or black out. Although it was obvious that hydropower
generation would be the most effective measure to enhance the flexibility of power generation, it could not be a
viable option because most of the hydropower potential had been already exploited until then. Then Japanese
utilities considered the merit of using pumped storage to solve this problem, as it could be operated as flexibly as
conventional hydropower without depending on the natural inflow to the reservoirs.

Since the construction cost of pumped storage power plants can be reduced if their operating head is higher,
the operating head of reversible pump-turbines installed in these plants is required to be as high as possible. To
meet with this need, turbine manufacturers in Japan conducted intensive R&D studies to develop high head
pump-turbines. The first pump-turbines in the world that operated under a head in excess of 500m were those
installed at Numappara Pumped Storage Power Plant, which were commissioned in 1973. Since then, many 500 -
700m head pump-turbines with a capacity of 200 - 300MW have been manufactured in Japan and put into opera-
tion. Now, Japanese technologies in this field lead those of the rest of the world.

Also, in 1990, the first adjustable speed pumped storage unit in the world was put into commercial operation
in Japan. Since then, owing to their excellent load following capability, many adjustable speed pumped storage
units have been manufactured in Japan and put into service. The technologies concerning the adjustable speed
system are also technically superior to those of the rest of the world.

In this report, the author has reviewed the historical development of hydraulic turbine and pump-turbine tech-
nologies in Japan and considered how these technologies have been developed to meet the changing needs of the
power industry and of society.
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