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m Abstract

The soda industry is a basic material industry, which uses salt as the main raw material, and produces caustic soda,
chlorine, soda ash, etc. It has a long history and grew with the economic growth, eventually becoming an
indispensable key industry in daily life.

Its manufacturing process can be roughly classified into the “Electrolytic method”, which electrolyzes a sodium
chloride solution and produces caustic soda, chlorine, etc., and the “Non—electrolytic method” such as the Leblanc
process, ammonia soda process, etc., which reacts carbon dioxide and ammonia gas with the sodium chloride
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solution to produce soda ash, etc. Initially, though the soda ash and the caustic soda were mainly obtained by the
“Non-electrolytic method”, the “Electrolytic method” gradually became the main process because of an increase
in the demand for chlorine, etc., and more recently, most of them are produced by the “Electrolytic method”.

In the following sections, the “Electrolytic method”, which is the mainstream of the soda industry, a basic material
industry, will be described.

The soda industry of our country started in the Meiji era. Because alkaline materials such as soda ash and caustic
soda were in high demand in those days, the manufacturing process that was able to produce alkaline materials alone
was the mainstream process, but the amount of production by the electrolytic process, which produces chlorine as
a by—product, was low.

The electrolytic process, which produces chlorine as a by—product, was the focus of attention due to its simplicity
in equipment design. However, there was no homegrown technology, and an attempt to import foreign technology
could not be accomplished. The first electrolysis plant was operated at the beginning of the Taisho era by
developing the “Nakano type” diaphragm process and the “Daiso type” mercury process, which were developed by
independently making improvements in our country to overseas processes.

Afterwards, as for the mercury process, the “Krebs type” was licensed from Germany along with the “Daiso type”,
and these two processes became the technical bases of the mercury process in our country.

In 1958, after World War II, the petrochemical industry of our country started, and it significantly changed the
industrial structure in the chemical industry field. The main demand for the soda industry changed from caustic
soda, which is mainly used for manufacturing rayon, paper, pulp, etc., to chlorine, which is mainly used for
manufacturing vinyl chloride, chlorinated solvents, etc. The soda industry rapidly expanded during this period of
rapid industrial growth. The ratio of the mercury process increased due to the enlargement of the electrolytic cell,
etc., and making high—quality products, then the technological advances in the mercury process became active.

The "Minamata disease”, which occurred in Minamata, Kumamoto Prefecture, developed into mercury purge
campaigns, and spilled over into the mercury process plant in which mercury was used. Following the administrative
guidance, the mercury process was converted to the “diaphragm process”, which is a “mercury—free process”.
However, almost all of the diaphragm process technologies were licensed from foreign countries.

The conversion of the manufacturing process was carried out for about ten years. During the first conversion of
the manufacturing process, 2/3 of the mercury process plants were converted to diaphragm process plants. During
the second conversion of the manufacturing process, the remaining mercury process plants were converted to the
ion exchange membrane process after industrialization of the new process, which started around 1975. It was in
1986 when the mercury process completely disappeared from our country.

In our country, reconversion of the diaphragm process to the ion exchange membrane process, which came into
practical use in our country, was carried out due to its technological advantages, such as high quality products
equivalent to the mercury process, a significant reduction in electric energy consumption, etc. It has also been
widely adopted abroad, and is the leading electrolytic technology around the world. In our country, all soda
electrolysis plants had adopted the ion exchange membrane process by 1999.

In our country, research and development regarding applications of the “gas diffusion electrode”, which is an

electrode for the fuel cell, to the brine electrolytic cell has been continuing since about 1985. It is just now coming
into practical use. When this new technology is industrialized, it will be possible to decrease the energy
consumption of the current ion exchange membrane process by 40%. Though these kinds of R&D are also being
carried out abroad, our country is at the leading edge of the technology in this field.
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Development of electron tubes and tube technologies
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m Abstract

Research and development on electron tubes diversified rapidly at the end of 19th and beginning of 20th
centuries. Electron tubes were important components in electronics before the appearance and acceptance of
solidstate devices. Electron tubes achieved their largest contribution to electronic technologies in the last century.
Though the market for receiving and Braun tubes has disappeared because other devices have replaced these
tubes, electron tubes such as X-ray tubes and high power microwave tubes are expected to continue being
important components into the future.

Gridded tubes and microwave tubes, related to the oscillation and amplification of electro—magnetic waves, have
responded to the needs of broadcasting, communications and radar systems. Further, in recent years, electron
tubes have found applications in microwave energy.

There have been many important contributions made by Japanese researchers and engineers to the development
of electron tubes. For example, the invention of the severed anode, which contributes to high operating efficiency,
the mass—production technology for the magnetron, the invention of PPM focusing technology, the world—wide
export of traveling—wave tubes for ground stations, and the excellent performance attained by high—power klystrons
and gyrotrons, .

Japanese high—power klystrons, gyrotrons and their technologies already have been appreciated, which are now
gaining attention from other countries.

It is expected that Japan will make more important international contributions in the future.
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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 industries
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 generation 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
8,000 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 [ (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 nitrogenous
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 15MW 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.
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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 105MW turbines
whichwere the then world largest machines in terms of unit capacity surpassing the 85MW 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 constructing
hydropower stations since it could not afford to procure necessary coal for thermal power generation. The
government issued a b—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 industry after
the war.

In 1952, Electric Power Development Co. was established, which was a government subsidized company aiming 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 turbine
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 manufacturing units such as these,
Japanese manufacturers were able to both build their experiences and to strengthen 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
operation. 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

technologies 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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m Abstract

Ships have contributed to our social activity for many years as the most effective mass transportation system. In
ancient days, the man powered paddles and the wind powered sails were used as prime movers for ship propulsion.
After this age, the steam reciprocating engines and the steam turbines were widely used as ship propulsion engines
for many years.

In 1897 Dr. Rudorf Diesel invented the idea of the diesel engine and after this age the diesel engine gradually came
to the one option for ship propulsion engines. But until the age of roughly 1950, the diesel engines were not the
major player of this field.

In 1973 and 1978, we experienced the serious oil crises twice. This events forced ship—owners to consider more
fuel efficient ship propulsion engines and recognized the superiority of the diesel engines. Some ship—owners, who
have recently delivered rather new ships, even replaced existing steam turbine to diesel engines considering
future fuel cost.

One of the most important points for the marine diesel engines is to use what we call residual fuel oil which is the
bottom products of oil refinery. These fuels fulfill the most important conditions for marine fuel, availability in the
worldwide bases and the lower price level. To use such fuel, the slow speed crosshead type diesel engines are
favorable because of the following two reasons. One is that the slow speed engines have enough time for combustion
and the other is that the crosshead engines have separated combustion chamber from the crank room. Up to now,
about 80% of ocean going vessels apply the slow—speed crosshead type engines for their propulsion engines.
However, these engines are now facing serious harmful emission problems such as use of high sulphur fuel and high
NOx emission which has trade—off relation with better fuel consumption. The diesel engine should clear these
matters to survive in the future.

In Japan, the shipbuilding industry has recovered soon after the Second World War. Up to now, Japanese
shipbuilding industry keeps the world market share of 30% to 50%. This steady demand to the marine propulsion
engines makes the driving force to the engine industries of Japan.

The most of the engine manufacturers contracted the license agreement between major European designs, such as
MAN, Sulzer and B&W and start manufacturing these engines under license agreement. Mitsubishi had the original
marine diesel engine design named MS engine from the early 1930. Under this back ground, after the Second World
War only Mitsubishi in Japan developed the original 2 stroke slow—speed crosshead UE engines in 1954 and entered
to this market again.

This report mainly concentrated the research on the 2 stroke slow—speed marine diesel engines and on the
technical development after the Second World War which made significant progress and improvements. The whole
period was divided into following five major time period.

1 The dawning of diesel engine (1897~1945)

2 The age of increasing engine power (1945~1975)

3 The age of thermal efficiency (1975~1985)

4 The age of reliability and expanding power range (1985~1995)

5 The age of environment (1995~ )
The description was made mainly along with the Japanese original engine technologies, but at the same time report
about the major activity made by Japanese licensees who made the great support to the licensors.

M Contents
CFXC®IZ 185
.TIEOBRAEEMRARLEEDR 186
ARSI EERTOEE 187
ESERZ - F B R EED T 215
GEEREEN S OHGE 228
ERLRE 233

o 234

8% 236

ENMFEYE RTORRIEATHRE H8K






