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Generation and Transmission Technologies for Satisfying

Global Energy Demand

THIS March will see the end of the second year since the 2011
Great East Japan Earthquake. While a major power crisis has
been averted thanks to actions led by electric power companies
to restore generation capacity as quickly as possible, and a
collective effort by industry and the public to conserve power,
debate continues on what constitutes the best energy mix for
Japan in the post 3.11 environment.

Meanwhile, despite being beset by a range of uncertainties
that extend from instability in the Middle East to the economic
crisis in Europe, and changes in the energy policies of a number
of countries following the disaster in Japan, the global energy
market is looking forward to considerable growth in demand
for energy infrastructure in the medium to long term. This will
include the construction of new nuclear and thermal power
plants, primarily in emerging economies; the acceleration of
plans for adopting renewable energy; and the provision of
electric power distribution networks.

This issue of Hitachi Review looks at the latest developments
in power generation and transmission technologies for satisfying
this growing, and increasingly diverse, global demand.

In the field of thermal power generation, articles describe
new technologies for improving the efficiency of gas and steam
turbines and measures for reducing the load placed on the
environment by coal-fired power generation systems. Advanced
ultra-supercritical (A-USC) generation with steam temperatures
in the 700°C range and integrated coal gasification combined
cycle (IGCC) technologies improve generation efficiency, and
their use in combination with carbon capture and storage (CCS)
radically reduces the environmental load associated with use of
coal as a fuel. New technologies under development by Hitachi
that open up possibilities for the future include materials capable
of withstanding temperatures up to 800°C for use in A-USC, and
both solid adsorption agents and chemical solvents for carbon
dioxide (CO,) absorption in CCS. These new technologies are
being trialed not only in Japan, but also in collaboration with
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research institutions and power companies in Canada, the USA,
and Europe.

Gas turbine development is all about ensuring reliability
and improving performance. Hitachi’s H80 features world-
leading capacity and efficiency for a two-shaft gas turbine,
making it suitable for upgrading aging generation systems to
reduce the load on the environment. Demonstrational testing of
the advanced humid air turbine (AHAT), a new type of power
generation system developed in Japan, is now complete, and
the innovation and effectiveness of the technology have been
recognized through awards (including prizes for technical
papers) from bodies such as the Gas Turbine Society of Japan
and the American Society of Mechanical Engineers.

From the field of electric power distribution, articles
describe the latest grid interconnection technologies and how
Hitachi is establishing the production capabilities to deliver
strong and smart power grids throughout the world. Other
articles dealing with renewable energy focus on the development
and application of a downwind wind power generation system
and a highly efficient power conditioning system (PCS) for
large-scale photovoltaic power generation.

Articles on nuclear power generation describe the measures
being taken to enhance safety by drawing on the lessons from the
accident at the Fukushima Daiichi Nuclear Power Station, and
an integrated construction coordination system that adopts new
methods to enhance plant construction. This system won the “Best
of the Best” Award at the Be Inspired Awards 2012 run by Bentley
Systems, Inc. in the USA. Meanwhile, Hitachi is continuing its
work on the development of the next generation of nuclear reactors
with world-leading levels of safety and economic efficiency.
Developments for the future include reactor technology that
incorporates inherent safety to ensure that meltdowns cannot occur.

We hope that these articles will prove useful, and will help
inform you about what Hitachi is doing in the fields of electric
power and energy, and where it is going with its technology.
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One Person’s View

Prospects for the Global Power Sector:
Evolution or Revolution?

In recent years, fresh challenges have been added to an already complex picture in the energy sector. The devastating earthquake
and resulting tsunami that struck Japan in March 2011 have disrupted the country’s energy sector and had repercussions for energy
markets around the world. Economic concerns have shifted the focus of government attention away from energy policy and limited
their means of policy intervention. Turmoil in the Middle East and North Africa, which will be crucial to meeting the world’s future
energy needs, has cast shadows over prospects for adequate and timely oil-sector investment in the region. In addition to these new
challenges, there are a few key trends that point in worrying directions. International Energy Agency (IEA) estimates indicate that
global carbon dioxide emissions have reached a record high. The energy efficiency of the global economy worsened for the second
straight year. And for many countries, spending on oil imports has been at unprecedented levels.

Despite all this uncertainty, one thing is sure: economic growth and rising population are set to generate ever-higher demand for
energy. We project global energy demand to rise by 40% between today and 2035. Many large Organisation for Economic
Co-operation and Development (OECD) economies, such as the United States and Japan, see very modest energy demand growth
over the period. This contrasts with much faster rates of growth in the key emerging economies, such as China and India who
collectively represent half of the overall increase. In terms of the power sector, the world’s electricity usage is set to grow at almost
twice the rate of overall energy consumption, fuelled by rising incomes, continued strong growth in the use of electrical appliances, and
switching by households and industry from other forms of energy to electricity for reasons of convenience, efficiency and practicality.

In addition to the challenge of meeting this growing demand, the power sector will have to navigate through a period of major
transformation as the generation mix shifts to low-carbon technologies — the result of higher fossil-fuel prices and government policies
to enhance energy security and to curb emissions of carbon dioxide.

We project fossil fuels — mainly coal and natural gas — to remain dominant in the power sector, although their share of total
generation drops from around 68% today to 55% in 2035, as renewable sources expand. But these projections will not be realised
unless governments provide ongoing subsidies as for many regions and technologies, energy derived from renewable sources is, and
is projected to remain for decades to come, more costly than from fossil fuels. By facilitating deployment and thereby faster learning,
subsidies for renewables can play a key role in improving their future competitiveness. However, in this age of fiscal austerity, it is
crucial that adequate attention be given to the design of subsidy schemes to ensure that they are well targeted and their costs do not
become too burdensome to taxpayers and consumers. Prospects for nuclear power are now particularly uncertain with some countries
announcing plans to reduce its role in the mix while others are looking to increase its use or adopt it for the first time. If those countries
considering a reduced role for nuclear power go ahead with this strategy, it could have important implications for their electricity prices,
spending on energy imports and efforts to combat climate change.

Almost $17 trillion of investment will be needed in the sector through to 2035 as new power generating capacity of 5,900 GW is
added worldwide. Developing countries will account for the larger part of both new capacity and investment. But considerable
investment will still be needed in OECD countries, including replacing old infrastructure that is retired. Accommodating more electricity
from renewable sources, sometimes in remote locations, will also require additional investment in transmission networks. Financing
this in a timely manner will depend on attractive investment conditions, notably in terms of the return available on investment.

As we will highlight in our forthcoming “World Energy Outlook 2012,” improving energy efficiency could play a crucial role in easing
some of these pressures stemming from the world’s ever-rising thirst for electricity. But globally, energy efficiency has been going in
the wrong direction since 2009. This is a lost opportunity. | realise that improving energy efficiency is not always easy — good
governance capacities are needed to support implementation of energy efficiency strategies, policies and programmes. Institutional
arrangements, and particularly public-private sector co-operation and stakeholder engagement, are also key. But progress is possible:
Japan’s recent energy-savings, or ‘Setsuden,” campaign highlighted that even global leaders in energy efficiency can still find ways of

making further sustainable improvements. Japan’s experience can teach us all very valuable lessons.
(Originally written in November 2012)
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Dr. Fatih Birol is the Chief Economist and Director of Global Energy Economics at the International
Energy Agency (IEA) in Paris. He is responsible for the IEA’s flagship World Energy Outlook publication,
which is recognized as the most authoritative source of strategic analysis of global energy markets. He is
also the founder and chair of the IEA Energy Business Council, which provides a forum to enhance
cooperation between the energy industry and energy policymakers. Dr. Birol has been named by Forbes
Magazine among the most powerful people in terms of influence on the world’s energy scene.
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Construction of New Energy Systems Using Advanced
Power Generation and Transmission Technology
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Numerous electric power generation and transmission facilities were significantly damaged by the Great East Japan Earthquake
that struck on March 11, 2011, creating a crisis in energy supply. Despite this, a major crisis was averted and reconstruction is
now in progress thanks to the efforts, primarily by electric power companies, to restore services quickly, and through industry
and households working together to conserve power. Hitachi supports all aspects of the energy infrastructure and is contributing
actively to the recovery and reconstruction following the earthquake. Hitachi intends to draw on its advanced technologies,
its past accomplishments, and its many years of experience to respond to the expansion of global energy demand and the

construction of new energy systems in the future.

Moving from Earthquake Reconstruction
to the Next Stage

Nishino: One year and eight months have passed* since the
Great East Japan Earthquake, and over that time Japan has
come together, not only to work on the reconstruction of the
affected areas, but also to cope with the shortage of electric
power. Hitachi, meanwhile, has been doing all it can to help
with the restoration of electric power infrastructure. To begin
with, | would like you to tell me about what is being done to

* at the time of the interview
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support the recovery, and the forward-looking measures that
are being adopted.
Hoizumi: Major factories for Power Systems Company in
Ibaraki suffered significant damage during the earthquake.
Nevertheless, the entire group worked together and we
quickly had production up and running again. Since then we
have contributed the restoration of operation at 23 thermal
power plants damaged by the earthquake or tsunami, with a
total generation capacity of more than 10 GW.

We also responded to requests for the rapid delivery of

Naoshi Tanikawa

Vice President and General
Manager, Hitachi-GE Nuclear
Energy, Ltd.

Since joining Hitachi, Ltd. in 1981, he has
worked on instrumentation and control
planning for nuclear power plants, and
engaged in the decommissioning of the
Fukushima Daiichi Nuclear Power
Station. He is currently engaged in the
UK project. Mr. Tanikawa is a member of
the Atomic Energy Society of Japan.




gas turbines for use as emergency power supplies. An F6FA
was delivered to Ohi Thermal Power Station of Tokyo Electric
Power Co., Inc. in August 2011, an H-25 to the Niigata
Thermal Power Station of Tohoku Electric Power Co., Inc. in
January 2012, and an H-25 to the Himeji No. 2 Power Station
of The Kansai Electric Power Co., Inc. in August 2012. In
each case it took only about four months from the time of
installation for these plants to commence operation, faster
than had ever been achieved before.

Tanikawa: As you know, the earthquake and tsunami
resulted in core meltdowns at Fukushima Daiichi Nuclear
Power Station. Hitachi established a department dedicated
to responding to the accident shortly after it occurred that
is engaged in work on a daily basis at the Fukushima site,
at the headquarters of Tokyo Electric Power Co., Inc., and
at Hitachi Works. In particular, through activities that have
included building a circulation cooling system, cooling the
spent fuel pool, and the installation of a cover for the Unit 1
building, they have made a major contribution to minimizing
emissions of radioactive material and achieving a cold
shutdown. Preparations are currently underway for the
removal of fuel from the Unit 4 spent fuel pool, and ongoing
technical development is in progress aimed at removing fuel
debris from the core.

Also, top priority has been given to improving safety at
other plants, and Hitachi is proceeding with design work
aimed at applying safety measures to existing plants based
on the issues highlighted by the accident, including providing
filter vent systems and a wider range of power supplies and
cooling equipment.

Komiya: Kokubu Works is the main plant for Hitachi’s electric
power transmission distribution (T&D) business, and it also
suffered damage in the Great East Japan Earthquake. The
High Voltage & High Power Testing Laboratory, in particular,
was severely damaged resulting in its being completely
rebuilt, with completion in May 2012. As performance testing
and other development work for T&D products was held up
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until the laboratory could be restored, it is currently operating
24 hours a day to work through the backlog.

The earthquake also reinforced the importance of
T&D systems, and the importance of wide-area grid
interconnections in particular. Japan has nine high-voltage
direct current facilities in operation across six sites, including
high-voltage direct current transmission, frequency converter
stations, and back to back ties. Hitachi has supplied plant and
equipment to all of these and aims to draw on this experience
to support future growth in the T&D systems.

Achieving the Best Mix of Energy
Supplies

Nishino: Since the time of the oil shock, Japan has adopted
a “best mix” energy policy consisting of an appropriate
balance of different sources of electric power, and this is
acknowledged as one of the factors that helped us overcome
the post-earthquake electric power crisis. However, this
energy policy is also currently a subject of national debate.
Sakamoto: People speak of the “three Es” as being critical
to this energy “best mix,” namely economics, environment,
and energy security. Japan’s energy policy was formulated to
satisfy these three criteria, and they remain just as important
in the post-earthquake era as they were before. In terms of
energy security, in particular, not relying too heavily on any
one type of fuel is an important aspect of establishing a
secure supply of energy.

Saeki: Renewable energy will play an important role in the
future “best mix” of energy sources. A feed-in tariff scheme
covering all production has been introduced in Japan and
market interest is growing.

Hitachi has been active in the wind turbine business in
collaboration with Fuji Heavy Industries Ltd. since 2005, and
we acquired that company’s wind turbine business in July
2012 to strengthen our involvement. A feature of our wind
turbine is that it has a downwind configuration, meaning
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that the rotor blades are downwind of the tower. Downwind
turbines not only achieve highly efficient and reliable power
generation in the sort of rough and mountainous terrain
common in Japan, they are also suitable for offshore wind
power generation.

Hitachi aims to play a role in the wider adoption of

renewable energy through both photovoltaic and wind
power generation, with activities in the field of photovoltaic
power generation including a range of megasolar projects,
as well as having already supplied a 13-MW system to the
Ohgishima Solar Power Plant of Tokyo Electric Power Co.,
Inc.
Komiya: Proceeding with a “best mix” of energy that
includes renewable energy makes power system stabilization
systems even more important. To supply users with high-
quality electric power, Hitachi is embarking on a variety
of demonstrations around the world involving advanced
distribution management systems (DMSs). These are a
new generation of automatic systems for electric power
generation. For example, experimental trials are being
conducted on static synchronous compensators for
distribution networks (D-STATCOMSs) used to reduce
voltage fluctuations on distribution networks. Hitachi is also
working on development and experimental trials of microgrid
technology that uses information technology (IT) to achieve
stable control of frequency and voltage at a regional level.

Development of large battery systems that provide

an effective way of performing load smoothing is also
in progress, with the intention that this will facilitate
comprehensive power system stabilization by adding effective
functions to measures from both the demand side and the
wide-area power system.
Kobayashi: On the generation side, we are taking two
different approaches to power system stabilization. One is
the use of batteries that can be charged and discharged to
minimize fluctuations in the output of renewable energy, as
described by Mr. Komiya.
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The other is to combine these with other power sources
to absorb fluctuations, our objective being to improve the
performance of coal-fired power plants, gas turbines, and
other generation methods to expand their range of operation
and shorten their startup times. This will allow them to
respond quickly to changes in load.

Development of Technology to Meet
Global Needs

Nishino: It is anticipated that improvements in equipment
energy efficiency and elsewhere will mean that future
increases in demand for electric power in Japan will be small.
Meanwhile, the International Energy Agency estimates that
global energy demand will have increased to about 1.7 times
2008 levels in 2030. Responding to this global demand for
energy will be important in the future.
Sakamoto: When considering global needs in the energy
sector, the “three Es” mentioned earlier will also be important
background factors. For all nations, what will be essential will
be the maintenance of energy security and environmental
measures for reducing carbon dioxide (COz) emissions.
Also, while frugal engineering and cost-saving and
economical engineering have become topical subjects, global
deployment requires that economics be considered at the
system level rather than at the level of individual products,
in accordance with the situation in each market. Delivering
systems at an appropriate price and quality is important for
satisfying global needs.
Hoizumi: Against a background of demand for higher
efficiency, gas turbines and gas combined cycle plants are
becoming the mainstream technology around the world for
gas-fired thermal power generation, and it is anticipated that
this trend will continue in the future. Hitachi is conducting
ongoing research and development aimed at improving gas
turbine efficiency, and we are responding to demand for
greater efficiency by enlarging the gas turbine capacity, using
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the proven technology of the 30-MW-class H-25 gas turbine
as a base for developing the 100-MW-class H-80. More than
150 H-25 gas turbines have been sold throughout the world.

For coal-fired power generation, our strategy is to focus
primarily on India, Southeast Asia, and Eastern Europe
where demand is strong, and we are seeking to take
advantage of Hitachi’s strength in coordinating entire plants,
with an involvement in key equipment including boilers,
steam turbines, generators, and air quality control systems.

Although coal varies widely in quality, from high-grade
bituminous coal to low-grade lignite, Hitachi has combustion
technologies for many different grades of coal, and we can
supply a variety of different types of power plant to suit a
wide range of different requirements in different countries. To
comply with environmental regulations, we are also directing
our efforts at flue gas treatment technologies and products
to reduce the impurities in flue gas such as nitrogen oxides
(NOx), sulfur oxides (SOx), and particulate matters.
Kobayashi: Hitachi Research Laboratory is working on
improving gas turbine efficiency from a variety of different
angles. It is also working on using the shapes of the
compressor, turbine, and other components to reduce fluid
losses, techniques for improving the efficiency of the gas
turbine itself, techniques for increasing the combustion
temperature of combined cycle systems to improve their
efficiency, and improvements in environmental performance
to reduce the generation of NOx.

Hitachi is also striving to boost efficiency through
innovations to the system itself. A good example of this is
Hitachi’s proprietary advanced humid air turbine (AHAT)
technology. Unlike a conventional combined cycle system,
AHAT is a next-generation gas turbine power generation
system that does not use a steam turbine. It achieves
efficiency that is equal to or better than that of combined
cycle power generation at low cost through the use of humid

air. Demonstrations aimed at commercialization are currently
in progress.
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In the field of coal-fired power generation, we are working
on improving the efficiency of power generation from lignite
across the total system, using technology for removing the
high moisture content of lignite as a base. Hitachi Power
Europe GmbH is taking a central role in the development of
this technology.

Tanikawa: In global terms, nuclear power generation
provides a low-cost means of generating large amounts of
electric power reliably without emitting COz, and its use is
anticipated to grow in emerging economies in particular. The
advanced boiling water reactor (ABWR) is a third-generation
boiling water reactor that has demonstrated a track record
of reliable operation since being installed at Units 6 and 7
of the Kashiwazaki-Kariwa Nuclear Power Station of Tokyo
Electric Power Co., Inc. This success has attracted attention
from overseas, and the installation of ABWRs is currently
under consideration in the Socialist Republic of Viet Nam,
Republic of Lithuania, and UK. With the aim of supplying
highly reliable ABWR plants to overseas countries, Hitachi is
working on ABWR designs that incorporate additional safety
enhancements based on experience from the Fukushima
accident.

Komiya: The global market for T&D is also predicted to
grow strongly. The factors underlying this include vigorous
investment in electric power and the expansion of grids
in emerging economies, and there is a growing need for
strengthening wide-area interconnections through the use
of long-distance and high-voltage direct current power
transmission. In China, a 1,000-kV-class alternating current
grid that uses Hitachi ultra-high-voltage (UHV) switchgear
has entered commercial operation. In developed economies,
meanwhile, demand is expected from the upgrading of aging
substation equipment that was supplied around 1970.

Other expectations for the future include the growing
adoption of smart grids and enhancements to transmission
networks to cope with the introduction of renewable energy.
In the T&D business, our aim is to respond to global needs



by supplying solutions that fuse IT with T&D systems through
the installation of “strong and smart grids.”

New Energy Technologies that Open up
Future Possibilities

Nishino: Along with initiatives aimed at the near future, the
energy sector also demands a long-term outlook. What do
you think Hitachi should be doing in terms of looking to the
future?

Sakamoto: Whether it be for reasons of economics or the
environment, the pursuit of higher efficiency is a long-term
priority. While restrictions on COz emissions have stalled
somewhat due to political factors in different countries, |
believe that there remains great potential for technological
solutions achieved through innovation, such as the way the
world’s energy situation has been transformed by the ability
to extract shale gas at low cost, for example.

In Japan, electric power systems reform, including the

separation of generation and transmission, is currently
under consideration, while, from a technical perspective,
there is a need to work on technologies for improving the
energy efficiency of the power system itself as well as the
mechanisms of electric power distribution.
Hoizumi: Two means of enhancing efficiency that we are
focusing on in particular are advanced ultra-supercritical
(A-USC) and integrated coal gasification combined cycle
(IGCC) technology. Whereas the current leading-edge
ultra-supercritical (USC) technology operates with a steam
temperature of 620°C, we are participating in a national
project that is developing A-USC with a steam temperature in
the 700°C range.

IGCC is a technology for producing more electric power
from the same amount of coal by converting the solid coal
into a gas that can be used to fuel a gas turbine and generate
electric power using a combined cycle process. Hitachi is
participating in the Coal Energy Application for Gas, Liquid
and Electricity (EAGLE) technology development project,
and is using the results of this research as the basis for the
design and fabrication of a large 170-MW demonstration
plant for Osaki CoolGen Corporation that is intended to
commence operation in 2017.

In the field of environmental technology, we are working on
carbon capture and storage (CCS). We have developed an
absorption liquid that can capture CO:z from boiler flue gas
with high efficiency, and are currently planning a test facility
in partnership with the Saskatchewan Power Corporation in
Canada. Our aim is to utilize these technologies to achieve
coal-fired power generation that is both economically viable
and places a low load on the environment.
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Kobayashi: One of the important technologies that underpins
this innovation is that of materials. We are developing metals
that can withstand temperatures as high as 800°C for use in
A-USC. Use of materials with superior heat tolerance helps
reduce plant costs by allowing important equipment to use
thinner structures.

For CCS, we are developing CO: capture technology
that uses a solid adsorption agent and delivers better plant
efficiency than the chemical solvent method. As we work
toward commercialization, we are now approaching the end
of the material development phase.

Tanikawa: In the field of nuclear power, we are proceeding
with the development of next-generation reactors with world-
leading levels of safety and economics. Looking further
ahead, our intention is to develop technology for reactors with
intrinsic safety in which fuel melting cannot occur.

Saeki: While renewable energy currently supplies about
10% of Japan’s electric power, hydroelectric power accounts
for most of this, with photovoltaic and wind representing
less than 1%. There is no doubt that there are significant
challenges in the way of achieving the target of raising this
proportion to 30% by 2030. If photovoltaic power were to
provide 10% of our power needs, for example, this would
require an installed capacity of 97 GW (at a utilization of
12%), equivalent to 97 standard nuclear power plants. In
addition to the acquisition of land and cutting the cost of
generation, achieving this will also require technology for
reducing the load it will place on the grid as a system.

Similarly, an installed capacity of 46 GW (at a utilization of
25%) would be required for wind to provide 10% of our power
needs. As finding space for this on land will be difficult, it is
likely that offshore wind power generation will play a valuable
role. Having already supplied wind turbines with capacity of
2,000 kW, we also need to contribute to achieving the target
by developing technology for floating turbines as well as
using larger sizes to improve economics.

Komiya: In T&D systems, it is power system stabilization
technologies that hold the key to the future. We are focusing
our efforts on developing smart next-generation T&D systems
based around Hitachi’s technologies for more robust grids
that combine renewable energy, batteries, and IT.

Nishino: The Great East Japan Earthquake has highlighted
numerous issues in the energy sector. The earthquake
has added an “S;” safety, to the “three Es” mentioned by
Mr. Sakamoto. | hope that we can contribute to building
new energy systems that learn from the experience of the
earthquake, and that use technology to underpin the “three
Es + one S” by bringing together the diverse capabilities of
Hitachi.
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Global Activities of Hitachi’'s Electric Power Business

Hiraku Ikeda

ONGOING GROWTH IN GLOBAL DEMAND
FOR ELECTRIC POWER
HITACHI is engaged in a variety of social infrastructure
businesses, including those in the fields of thermal and
nuclear power generation, electric power distribution,
and renewable energy. These businesses operate
primarily through Power Systems Company of Hitachi,
Ltd. Global electric power generation is predicted to
grow strongly, reaching about 1.7 times 2008 levels
by 2030 (see Fig. 1). With extensive construction
of new coal-fired thermal power plants planned for
regions such as Eastern Europe and Asia, as well as the
replacement of aging plants in Europe and the USA,
demand is forecast to remain strong. Meanwhile,
many nations, including the UK and the Republic of
Lithuania, are continuing with plans for nuclear power
plants, even after the Great East Japan Earthquake.
Also, installation of renewable energy is accelerating
around the world, and the market for electric power
transmission and distribution is expected to expand,
particularly in emerging economies.

Recognizing these market conditions, Hitachi’s
strategy is to continue the active development of its
overseas businesses.

ACCELERATING GLOBALIZATION

In addition to supplying appropriate solutions to
their target markets, the aims of Hitachi’s various
overseas electric power business operations include
strengthening their marketing capabilities in all parts
of the world, including nations such as India and
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the Republic of South Africa, so that they can offer
solutions that extend across all areas from electric
power generation to distribution, and boosting
their engineering capabilities and their ability to
undertake overseas procurement and manufacturing
(see Fig. 2). To increase the proportion of overseas
sales (sales outside Japan), Hitachi is undertaking
a reorganization of its procurement offices to
improve cost-competitiveness, making active use of
overseas production facilities, and encouraging local
management of business activities. These policies are
included in the Hitachi Smart Transformation Project®.
Other initiatives associated with overseas procurement
include taking active steps to standardize equipment
specifications and sharing vendor information to cut
procurement costs.

THERMAL POWER BUSINESS

Thermal power accounts for approximately 60%
of global electricity demand, and consists primarily
of power generated from coal or natural gas. Highly
efficient, coal-fired electric power generation
systems are among Hitachi’s key products, with
approximately 30 units currently under construction.
Three operational hubs located in Japan, the USA, and
Europe, with another facility in India, drive the global
activities of this business. As many coal-fired electric

(a) Hitachi Smart Transformation Project
A project being undertaken by Hitachi to improve cost-competitiveness,
with the aim of achieving further growth in the global market.
Formulated in FY2011, the project aims at cutting the total cost of sales
in FY2015 by 5% relative to FY2010 by improving cost structures.
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Fig. 1—Predicted Global
Electric Power Generation (by
Energy Source).
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Source: International Energy Outlook 2011

generation is predicted to
grow strongly, reaching about
1.7 times 2008 levels by 2030.
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The operational hubs of Hitachi’s electric power business are located in Japan, America, and Europe, with manufacturing,
engineering, procurement, and other facilities located around the world.

power plants are aging, particularly in Europe, the
market for large plant upgrades is expected to grow,
and Hitachi is working through its own operations and
local partners to win orders for these upgrade projects.

Hitachi’s overseas activities in the gas-fired
electric power generation market are based around
the H-25 Series gas turbine (30-MW-class output),
which features high reliability and easy maintenance.
More than 150 H-25 units have been delivered to
customers around the world. As with its coal-fired
electric power generation products, the business is
structured such that maintenance services are provided
from Hitachi’s local operations, while core high-
temperature components are currently supplied from
Japan because of their high added value. However,
because gas turbines are recognized as a strategic
product, Hitachi is looking to achieve further cost
reductions by utilizing a production facility in Dalian
in the Liaoning Province of China to assemble gas
turbines.

In addition to improving plant performance,
Hitachi’s thermal power business is also taking
steps to increase sales of environmentally conscious
systems such as NOx removal system, and to comply
with more stringent environmental regulations being
adopted in various nations. Stronger regulation of

nitrogen oxide (NOx) emissions means that market
growth is anticipated in China in particular, where
considerable activity is taking place in the field of
coal-fired power plant construction. In addition to
the importance of measures that also cover existing
plants, Hitachi is responding to the anticipated entry
of Chinese manufacturers into the market by building
a plant in China to produce the catalyst used in NOx
removal system, and is deploying its products into the
world’s largest market (see Fig. 3). Meanwhile, carbon
dioxide (CO,) capture and storage (CCS®) is a new
technology attracting interest around the world. With
the aim of achieving early commercialization, Hitachi
has signed a contract with the Saskatchewan Power
Corporation, Canada for the construction of a carbon
capture test facility (CCTF) that captures CO, from
the flue gas of coal-fired power plants (see Fig. 4).

The main overseas subsidiaries of Hitachi’s
thermal power business are Hitachi Power Europe
GmbH (HPE) and Hitachi Power Systems America,
Ltd. (HPSA).

(b) CCS
An abbreviation of “carbon capture and storage,” CCS is the technology
for separating and capturing CO, from sources such as thermal power
plants and natural gas fields, and storing it in stable geological strata or
sequestering it in the ocean. The two main methods of CO, separation
and capture are chemical absorption and oxy-fuel combustion.



Fig. 3—Denitrification Catalyst Factory in Hangzhou, China.
Rapid growth is anticipated in the Chinese market because nitrogen oxide (NOx) regulations are more stringent even than those in
Japan, Europe, and the USA, and because a government subsidy program has been introduced.

Fig. 4—Signing of CCTF Contract.
As part of a clean coal project being undertaken by the
Saskatchewan Power Corporation, Canada, Hitachi and
SaskPower will collaborate on the construction of a carbon
capture test facility that captures CO, from the flue gas of a
coal-fired power plant, and also on experimental testing at the
facility.

NUCLEAR POWER BUSINESS

Nuclear power generation can be thought of as
an effective form of power generation for protecting
the global environment, with benefits that include
minimizing CO, emissions. Overseas, the intention
to proceed with plans for nuclear power exists in a
number of nations, including Lithuania, the Socialist
Republic of Viet Nam, India, the Republic of Poland,
and the UK, and it is anticipated that demand for
nuclear power plants will continue in the medium
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to long term. Hitachi has established a “one team”
collaboration with General Electric Company (GE)
of the USA.

Hitachi and GE merged their nuclear power
businesses in 2007, establishing Hitachi-GE Nuclear
Energy, Ltd. and GE-Hitachi Nuclear Energy Americas
LLC, which handles business outside Japan. Drawing
on synergies between the two companies, these
operations are able to supply high quality services
that extend across research, design, fabrication,
construction, and maintenance of light water reactors,
fast-breeder reactors®©, and the nuclear fuel cycle.

Hitachi has recently been involved with the
construction project for the Visaginas Nuclear Power
Plant in Lithuania. Hitachi intends to continue its
engagement with those nations that have an interest
in nuclear power generation, and to supply nuclear
power generation technology with high levels of safety
and reliability.

The advanced boiling water reactor (ABWR®)
developed in collaboration with Japanese power

(c) Fast-breeder reactor

A type of nuclear reactor that uses mixed oxide fuel containing both
plutonium and uranium. While also generating electric power, a fast-
breeder reactor produces more fuel than it consumes because some of
the high-speed neutrons produced by the nuclear fission of plutonium
transform uranium-238 into plutonium. The efficiency with which
uranium material is consumed is dramatically higher than for a light
water reactor
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Staff at Hitachi’s European subsidiary, Hitachi Power Europe GmbH

Klaus Dieter Rennert

CEOQ, Hitachi Power Europe GmbH

A 100-year track record in power plants, efficient products, and a highly
motivated workforce: that is Hitachi Power Europe GmbH (HPE). We rank
amongst the market and technology leaders in power plant construction,
supplying key components such as utility steam generators, environmental
engineering equipment, and turbines.

HPE’s history goes back to 1898 and the establishment of Deutsche
Babcock & Wilcox Dampfkessel-Werke AG in Berlin, Germany. In 2003,
Babcock-Hitachi K.K. acquired the power engineering division (including
the steam generator and combined cycle power plant departments) of the
former Babcock Borsig Group. Following a full takeover by Hitachi, the
company was renamed Hitachi Power Europe GmbH in 2006. The company
subsequently shifted its head offices to Duisburg in North Rhine-Westphalia
in 2007. Including subsidiaries, HPE employs approximately 1,800 staff
(as of April 2012). In addition to power plant engineering and the supply of
key components, HPE is also engaged in proactive clean (“green”) energy
businesses, including energy storage and the generation of electric power
from biomass. The company has a lengthy and extensive track record
in energy plant engineering and construction, not only in Germany but
throughout the world, including work in Central and Eastern Europe, the

companies that operate BWRs®, GE, and Toshiba
Corporation features simple construction and excellent
economics, and it represents a form of electric power
generation that is competitive with other energy
sources because its low core output density means that
output can easily be increased. The system provides
easy ways for achieving higher burnup and has
excellent fuel economics because of its ability to burn
uranium fuel more efficiently than pressurized water
reactors (PWRs). For these reasons, it is anticipated
that the project in Lithuania will select a generation
111 + ABWR design as this is most up-to-date reactor
design in actual operation, recognizing the reliability
and operational experience that Hitachi-GE has built
up with the ABWR.

GE-Hitachi is also taking a central role in
developing the economic simplified boiling water
reactor (ESBWR®).

Canada is the world’s largest producer of uranium,
the fuel used in nuclear power plants. Hitachi-GE is
also working with the Government of Saskatchewan
(where all Canadian uranium production takes place)

Republic of South Africa, and India. Since 2007, HPE has installed or is
currently constructing more than 20,000-MW of capacity.

An example is the two units for the Moorburg coal-fired power plant in the
Port of Hamburg that, on completion, will be one of the most modern power
plants of its kind in the world, with an efficiency of 45% or more. The high
net efficiency provides not only a considerably greater output but also saves
on resources (uses less fuel) compared to power plants constructed in the
past. This also helps reduce specific emissions of CO,, one of the causes
of global warming.

A good example of the development of new markets is a project currently
underway in South Africa. In early 2008, HPE has been awarded a contract
by Eskom, a South African energy supplier, for 12 coal-fired, 800-MW
utility steam generators. HPE and Hitachi Power Africa Pty Ltd. (HPA), our
South African subsidiary, are constructing the key components for both of
the project’s power plant sites, Medupi and Kusile. The scope of this major
order extends from design engineering to procurement and commissioning.
Drawing on its 100 years or more of know-how and experience, HPE intends
to continue to delivering a wide range of solutions for power plants.

on the joint research of small modular reactor designs
and technology.

Nuclear power generation is an effective electric
power generation technology for protecting the global

(d) ABWR
An abbreviation of “advanced boiling water reactor.” ABWRs are
intended to provide improvements that include better safety, making
the nuclear reactor containment vessel and building more compact, and
reducing radiation dose during maintenance inspections by relocating
the recirculation pumps to the bottom of the pressure vessel, instead of
outside the nuclear reactor pressure vessel as on conventional BWRs.
Through enhancements that include improvements to the control rod
drive mechanism, use of a nuclear reactor containment vessel made of
reinforced concrete, better emergency cooling for the core, the adoption
of digital technology, and improvements to the human-machine
interface, the ABWR is intended to improve on the safety, reliability,
operational characteristics, controllability, and other features of the
BWR. Other advantages include economics and less radioactive waste
material.
(e) BWR

An abbreviation of “boiling water reactor.” Reactors that use light water
(ordinary water) as a moderator and coolant can be broadly divided into
BWRs and pressurized water reactors (PWRs). BWRs operate with the
cooling water in a state of boiling so that the nuclear reactor pressure
vessel acts as a steam generator. The resulting steam is supplied directly
to a turbine to generate electric power. In contrast, the cooling water
in a PWR is at high temperature and pressure, and this high pressure
prevents it from boiling. This high-temperature, high-pressure water is
supplied to a steam generator where a heat exchanger produces steam
that is used to turn a turbine and generate electric power.
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Henry E. Bartoli
President and CEO, Hitachi
Power Systems America, Ltd.

Hitachi Power Systems America, Ltd. (HPSA) is located in Basking Ridge,
New Jersey and is responsible for sales and marketing, project execution,
engineering/design, and procurement for all of Hitachi’s global energy
products. This consists of advanced pulverized coal boilers, heat recovery
steam generators, steam, gas and hydro turbines and generators, substation
equipment, and air quality control systems for new plants and retrofit
applications. As a single-point supplier, HPSA offers total solution services
including operation and plant assessments, engineering studies, performance
optimization, emissions improvement, equipment replacement and upgrades,
and spare parts.

HPSA’s mission is to provide state-of-the-art equipment and services that
support the improvement of efficiency and reduce the environmental impact
of new and existing facilities in the thermal, nuclear, and renewable markets.
The landscape of the US generation market continues to change due to

environment for reasons that include reducing CO,
emissions and being part of the best mix of energy
sources, and it has also been treated as an important
national policy in Japan. Hitachi-GE has continuous
and deep experience in the construction of nuclear
power plants in Japan, and intends to respond to
demand from around the world in the future by
drawing on the lessons from the accident at the
Fukushima Daiichi Nuclear Power Station following
the Great East Japan Earthquake to develop an ABWR
with even higher levels of safety.

ELECTRIC POWER TRANSMISSION AND
DISTRIBUTION BUSINESS

Together with advances in nuclear, thermal,
and renewable power generation technology,
improvements in electric power transmission and

(f) ESBWR

An abbreviation of “economic simplified boiling water reactor,” the
ESBWR is a BWR technology with improved safety and economics
achieved through a simpler system design, including taking advantage
of the boiling that occurs in the reactor (a characteristic of BWRs)
to achieve natural circulation of water in the reactor, use of gravity-
fed water from a pool above the reactor to cool the core during an
emergency, and use of natural thermal radiation to minimize the
pressure in the containment vessel.

Global Activities of Hitachi’s Electric Power Business 12

New Jersey office of Hitachi Power Systems America, Ltd.

uncertainty in regulation, limited demand growth, economic conditions,
abundance of cheap gas, political outcomes, and so on. One area where
HPSA has focused its efforts is on the development of air quality control
technologies for pollution reduction. Due to stringent US regulations
regarding emissions from power plants, HPSA has enhanced its portfolio of
products for this market, including the recent signing of license agreements
with Balcke-Dirr GmbH for fabric filter technology (in the fall of 2011) and
with Solios Environment Inc. for dry scrubber technology (in March, 2012).
With these two additional critical products, HPSA now offers comprehensive
total pollution control systems to mitigate sulfur and nitrogen oxides as well
as particulate matter, mercury, and other hazardous pollutants.

Even with all the unknowns in the marketplace, HPSA’s goal is to position
ourselves for future markets with technology, products and services that
meet customers’ needs.

distribution technology will be essential to achieving
balanced progress in the field of electric power.

Developed economies currently have a requirement
for the upgrading of aging transmission infrastructure,
and there is also a need to build up the transmission
infrastructure in emerging economies where growth in
energy demand is strong. Meanwhile, progress is also
being made on wide-area interconnections, including
between multiple countries and across continents and
oceans, applications that require ultra-high-voltage
alternating current and direct current transmission of
electric power. Grid stabilization systems for electric
power transmission networks are required to cope
with greater generation of renewable energy with
fluctuating output, and rapid progress is being made
on smart grids that use electric power efficiently.
The Japanese government is currently considering a
scheme in which electric power companies will need
to separate electric power transmission and generation,
and Hitachi is watching developments closely as it
considers what specific measures it can take to make
a contribution.

From its engineering offices, manufacturing
facilities, and other operations throughout the world,
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Junji Sato
President, Hitachi T&D Systems
Asia Pte. Ltd.

Japan AE Power Systems Asia Pte. Ltd. was established in the Republic
of Singapore in 2004. It was subsequently renamed Hitachi T&D Systems
Asia Pte. Ltd. in April 2012 as part of the restructuring of Japan AE Power
Systems Corporation, becoming a local subsidiary of the Transmission &
Distribution Systems Division of the Power Systems Company of Hitachi,
Ltd.

With activities based mainly in Southeast Asia, the company’s business
is mainly in the engineering, procurement, and construction of substation
equipment such as transformers and circuit breakers that are essential
components of electric power transmission & distribution systems.
Maintenance services represent another key pillar of our business. Singapore
has a large number of substations supplied by Hitachi in the past, and we
have built up a track record in the maintenance of this equipment and in
extending its operating life. We are also expanding our activities further
afield, including to Hong Kong, China and the Kingdom of Saudi Arabia.
Similarly, PT. Hitachi Power Systems Indonesia operates a circuit breaker

Hitachi meets the needs of different nations by
supplying advanced technologies as a total package.
Hitachi contributes to the provision of electric power
grids in nations around the world by supplying
solutions that include grid stabilization systems,
smart grid systems, energy management systems, and
electric power distribution management systems.

In April 2012, Hitachi signed a comprehensive
agreement for collaboration in the electric power
industry with Federal Grid Company of Unified Energy
System, an electric power transmission company in the
Russian Federation. Hitachi will plan and implement
a wide range of collaborative technology trials and
demonstration projects, including improvements to
energy efficiency in Russia, energy conservation at
load dispatch offices, remote monitoring and diagnosis
of substations, and improvements in the stability and
reliability of large power grids.

Following dissolution of the joint-venture Japan
AE Power Systems Corporation, Hitachi, Ltd. also
established a Transmission & Distribution Systems
Division at its Power Systems Company in April
2012, with responsibilities that include the electric
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Local and Japanese staff at Hitachi T&D Systems Asia Pte. Ltd. in the Republic of Slngapore

production facility for the Transmission & Distribution Systems Division
in the Republic of Indonesia. In addition to serving the domestic market,
this plant exports products to North America, the Near East, and the Middle
East, and is also expanding sales of Indonesian-made products to Southeast
Asia in particular.

Drawing on experience with substation construction engineering, we have
recently become involved in photovoltaic power generation systems. \We
constructed a 1.2-MW megasolar power plant in Brunei Darussalam in
2010, and are currently working on a project in Kuala Lumpur, Malaysia.
With the building of electric power infrastructure likely to continue in
the nations of Southeast Asia, our aim is to strengthen the engineering
capabilities we have built up through our past experience so that we can
offer solutions to our customers that optimize the overall power system rather
than being limited to individual substations. We intend to work together with
our many international partners to supply system solutions to the nations
of Southeast Asia.

power transmission and distribution business. While
Hitachi’s transmission and distribution business
has already sought to utilize overseas production,
particularly in response to demand for upgrades
or enhancements to overseas transmission system
infrastructure, it is taking active steps to invest in
more extensive global operations in the future,
with plans to establish and strengthen overseas
engineering offices, manufacturing facilities, and
other operations. In particular, Hitachi is expanding
its manufacturing operations in China and Indonesia
to supply enhancements to transmission infrastructure
needed to cope with the strong growth in energy
demand in emerging economies. One such overseas
subsidiary of Hitachi’s electric power transmission
and distribution business is Hitachi T&D Systems
Asia Pte. Ltd.

RENEWABLE ENERGY BUSINESS

Wind, photovoltaic, hydro, and other forms of
clean renewable energy contribute to the realization
of a low-carbon society, and demand is expected to
remain strong throughout the world in the future.



Hitachi is focusing on increasing sales of renewable
energy systems based on wind or photovoltaic power
and on the development of systems in the smart grid
field for stabilizing the output of renewable energy
to the grid (using techniques such as storage battery
systems for smoothing output fluctuations).

Hitachi supplies a downwind turbine system and
has already received orders in Japan for more than
70 wind power generation systems (of which 15 are
offshore installations). Hitachi, Ltd. acquired the wind
power generation systems business of Fuji Heavy
Industries Ltd. in 2012. In addition to receiving a
boost from the feed-in tariff (FIT) scheme adopted in
Japan, Hitachi has plans to become actively involved
in the global market through the development of a
floating offshore wind power generation system that
has the potential to become a future global standard.
In the field of photovoltaic power generation, Hitachi
acts as a system integrator supplying total systems for
megasolar power generation. The combined capacity
of 1-MW or larger systems installed in Japan to date
totals 16 MW. Hitachi’s total solutions for wind
or photovoltaic power generation systems include
techniques for smoothing fluctuations in output power
using equipment such as power conditioners and
storage batteries.

For its hydro power generation operations, Hitachi
has established a joint-venture company with partners
that include Mitsubishi Heavy Industries, Ltd. and
Mitsubishi Electric Corporation. Demand in Japan
is anticipated from upgrades, after-sales service, and
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power uprating of existing power plants. Overseas,
meanwhile, strong demand is anticipated from
places such as China, Central and South America,
and India that have extensive water resources. With
overseas suppliers having a greater presence in the
market, Hitachi is taking active steps toward overseas
operations, including for its manufacturing facilities.

WORKING TOWARD GLOBALIZATION OF
ELECTRIC POWER BUSINESS

Based around its operational hubs, Power Systems
Company of Hitachi, Ltd. takes a global approach to
engineering, manufacturing, and procurement across
its entire electric power business. It is working toward
the globalization of its electric power business through
a “one team” collaborative organization in which
Babcock-Hitachi K.K., Hitachi-GE Nuclear Energy,
Ltd., and its other regional subsidiaries work together
as part of the Hitachi Group.
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Hitachi’'s Gas Turbine Product Range and Development
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OVERVIEW: Since supplying its first gas turbine in 1966, total orders
received by Hitachi to date have reached 600 units. The 1960s and 1970s
were the formative years for Hitachi’s gas turbine business during which it
expanded sales outside Japan, primarily through technical collaborations
with General Electric Company, and built up the foundations of its current
business. The 1980s and 1990s saw a boom in combined cycle plants that
provided Hitachi with the opportunity to expand its domestic business,
including being the first Japanese vendor to supply combined cycle systems
with exhaust heat recovery. In 1988, Hitachi developed its H-25 gas
turbine, the first model to use its own technology throughout for everything
from design to manufacturing. Hitachi has also been marketing the H-25
internationally since 2000, and this has led to the development of its current
global business. Hitachi’s gas turbine business can also be thought of as
embodying the Pioneering Spirit that was part of what inspired the company’s
original formation.

INTRODUCTION
ALTHOUGH its business has faced a number of
difficulties over the years, including economic
recessions and appreciation of the yen, total orders for
Hitachi’s gas turbines since its technical collaboration
with General Electric Company (GE) have now
reached 600, and they can be thought of as having
solidified their role as a mainstay of thermal power
generation. Those gas turbines have earned a strong
reputation for reliability, with some of the early
Hitachi-GE units having been in operation for more
than 30 years. Hitachi built up the foundations of
its current thermal power generation business in the
subsequent period when combined cycle technology
was becoming established in Japan, during which
it led the market with its experience and with the
environmental technologies needed to satisfy stringent
Japanese regulations. It was during this time that
Hitachi developed the H-25 gas turbine using its own
technology. The high performance and reliability of
the H-25 have earned it a total of 151 installations.
Hitachi then went on to develop the H-15 sister
product and the medium-capacity (100-MW class)
H-80 gas turbine.

This article looks back at the more than 40 years
of Hitachi’s gas turbine business, and also describes
developments over recent years.

HISTORY
Origins of Gas Turbine Manufacturing at Hitachi
Hitachi’s involvement with gas turbines dates
back to 1938 and a turbocharger for a 500-HP
(1 HP = 0.7457 kW) exhaust turbine built as part of
experimental research commissioned by the Japanese
Naval Aeronautical Technology Institution. The size
of the exhaust turbine was progressively increased
and a total of 800 units had been produced by the end
of the Second World War in August 1945. Work also
proceeded on the testing and research of jet engines,
with Hitachi’s role including collaboration on the
manufacture of the Ne-20 and the prototyping of
the Ne-230. A prototype 1,100-kW open, two-shaft,
regenerative gas turbine for power generation was
completed in 1954. Although this prototype had been
used to make a variety of research enhancements by
1959, it did not lead to commercial production as the
market for gas turbines at that time had yet to develop.

Technical Partnership with GE
(1) Manufacture of first gas turbine

In 1964, Hitachi signed a joint manufacturing
agreement with GE, the world’s leading gas turbine
manufacturer. This led to the first Hitachi-GE gas
turbine being delivered to Nippon Petro Chemicals
Co., Ltd. (as it was then known) in 1966. This MS3002
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Model Output No.
- MS1002 5,050 HP 2
2 MS3002 15,140 HP 28
g H-15 16,900 kW 6
e H-25 32,000 kW 151
§ MS5001 26,300 kW 286
£ MS5002 38,000 HP 12
2 MS6001B 39,160 kW 28
£ MS6001FA 70,140 KW 4
£ MS7001B/E/EA 85,400 KW 31
2 H-80 99,260 kW 12
£ MS7001F/FA 171,700 kW 30
8 MS9001B/E 123,400 kW 6
5 MS9001FA 255,600 KW 4
z Total 600

* Qutput is under 1SO conditions, fueled by gas.

* Includes supplied gas turbines purchased from GE
(as of October 2012).

I1SO: International Organization for Standardization GE: General Electric Company

Fig. 1—Cumulative Sales of Hitachi Gas Turbines.

The total number of gas turbines supplied since 1966 has reached 600.

two-shaft gas turbine had a rating of 6,000 kW and a
turbine inlet temperature of 800°C.
(2) MS5001

The first MS5001 was ordered from GE, completed
in 1967, and delivered to American Independent Qil
Company (AMINOIL). Its output was 16,250 kW. It
went on to be adopted around the world, becoming a
mainstay of the Hitachi product range with a total of
286 units delivered (see Fig. 1).
(3) Mechanical-drive gas turbine

Hitachi has supplied a total of 12 mechanical-drive
gas turbines, consisting of eight MS3002 models
supplied via GE to what is now the Russian Federation
in 1977, and the completion of the MS5002
for customers who included Société Nationale
pour la Recherche, la Production, le Transport,
la Transformation, et la Commercialisation des
Hydrocarbures s.p.a. (aka Sonatrach), the Algerian
national oil and gas company.
(4) Large-capacity, high-performance gas turbines

In response to growing demand for large-capacity,
high-performance gas turbines, the 60-Hz MS7001
was developed based on the MS5001M, followed by
the 50-Hz MS9001. The MS9001B uses air cooling
for the first stage buckets and nozzles, and Hitachi
received the first order for this model from the
Kawasaki Thermal Power Station of what is now the
East Japan Railway Company, which was delivered in
1981. This plant was the first combined cycle power
plant in Japan to use exhaust heat recovery.

The MS7001E completed in 1981 included
enhancements to the combustor and turbine cooling
(air cooling of second stage buckets and nozzles also).

Combined cycle power plants burning liquefied
natural gas (LNG) became a mainstream power
source in the 1990s because of their high plant
thermal efficiency and operating characteristics, and
this drove demand for the gas turbines that are the
major component of these plants. Three 1,100°C-class
MS7001EA gas turbines were supplied to the Yanai
Power Station of The Chugoku Electric Power Co.,
Inc. in 1990, and three more in 1992. Six MS7001E
gas turbines were supplied to the Shin Oita Power
Station of Kyushu Electric Power Co., Inc. in 1991.
These were single-shaft combined cycle plants in
which the gas turbine, generator, and steam turbine
were linked by a single shaft (see Fig. 2).

Two 1,300°C-class MS7001F gas turbines were
supplied for single-shaft combined cycle plants at the
Yanai Power Station of Chugoku Electric Power in
1994, and two more in 1996.

It was at this time that interest was growing in the
use of exhaust reheat combined cycle power plants
that allowed short-turnaround repowering of existing
steam-powered generation systems by adding a
gas turbine. One 1,100°C-class MS9001E unit was
supplied to the Goi Thermal Power Station of The
Tokyo Electric Power Co., Inc. in 1994. Another
focus was on achieving higher efficiency at rated
load, and a multi-shaft combined cycle power plant



ACC: advanced combined cycle power plant (a combined cycle power
plant incorporating a high-performance gas turbine with a combustion
temperature of 1,300°C)

Fig. 2—Overview of Yanai Power Station of The Chugoku
Electric Power Co., Inc.

The site consists of two 700-MW combined cycle power plants.
Unit 2 is an ACC plant and was Japan’s first 1,300°C-class

gas turbine. Unit 2-1 commenced commercial operation in
March 1994, and Unit 2-2 commenced commercial operation in
January 1996.

comprising three MS7001FAs and one steam turbine
was supplied to the Himeji No. 2 Power Station of
The Kansai Electric Power Co., Inc. in 1996. In the
same year, seven MS7001FA gas turbines for single-
shaft combined cycle power generation with high
efficiency and excellent operating characteristics were
also supplied to Kawagoe Thermal Power Plant of The
Chubu Electric Power Co., Inc. Three MS7001FA
gas turbines were supplied to the Shin Oita Power
Station of Kyushu Electric Power in 1998. From the
MS7001EA supplied in 1990, these and all other
subsequent LNG-fired units used dry low nitrogen
oxide (NOx) combustors developed in-house by
Hitachi. The 1,300°C-class MS6001FA was developed
jointly with GE, with the first Hitachi-made unit being
supplied to the Hitachi Rinkai Power Station in 2000.

HISTORY OF GAS TURBINE DEVELOPMENT
AT HITACHI
Development of H-25 Gas Turbine

As the thermal efficiency of the MS5001 (output in
the 25,000-kW class) was approximately 27%, Hitachi
recognized that a model with a more competitive level
of thermal efficiency would be needed in the future and
therefore set about developing its own highly efficient
gas turbine with a similar output. Through separate
development of a high-performance compressor,
turbine, and combustor, Hitachi developed a high-
performance 25,000-kW-class gas turbine (the H-25)
with a combustor exit temperature of 1,260°C in
1988. The compressor was an axial compressor with
a pressure ratio of 15 that had been scaled up from
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Fig. 3—H-25 Gas Turbine.
The photograph shows an overview of an H-25 gas turbine with
the upper casing removed.

Multi-can
17-stage axial combustor
air compressor (10 cans)

Impact-type
three-stage
turbine
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plenum Exhaust diffuser

Coupling

Turbine base

Fig. 4—Cross Section of H-25 Gas Turbine.

H-25 was the first gas turbine that was entirely developed by
Hitachi. A scaled down version, the H-15, was developed three
years later.

a model used for experimental testing. The first unit
was supplied for use in a cogeneration power plant
fueled by LPG and A-type fuel oil at the Tokuyama
Refinery of Idemitsu Kosan Co., Ltd. The combustor
was a standard model with a diffusion burner and
steam injection (see Fig. 3 and Fig. 4).

H-25 Gas Turbine Technology
(1) Compressor

Improving the efficiency of gas turbines requires
a high pressure ratio and high efficiency performance
from the compressor. The challenges of compressor
development include finding ways to prevent
instabilities such as rotating stall and surging. It is
also necessary to ensure that the compressor has
the reliability to ensure stable operation over a wide
range of flow rates from startup to shutdown. Hitachi



embarked on its own development to establish design
techniques that can achieve both performance and
reliability in multi-stage axial compressors, and in
1983 achieved the performance targets it had set
for a prototype 17-stage compressor with a pressure
ratio of 15. These were advanced specifications for
that time. Hitachi was also able to determine the
characteristics of the rotating stall phenomenon based
on actual measurements made on the prototype and
incorporate them into its multi-stage compressor
design techniques.

The axial compressor for the H-25 gas turbine
was developed based on a similar design to this
prototype compressor. In response to demand for
further efficiency improvements, Hitachi subsequently
embarked on the development of an axial compressor
(with a mean stage pressure ratio of 1.19) with the aim
of achieving a world-leading pressure ratio. Hitachi
also built a prototype scale model including all stages
in 1999 with the aim of verifying the robust reliability
and aerodynamic performance of this compressor.
The prototype achieved close to target performance
during testing and allowed Hitachi to establish design
techniques for high pressure ratios and higher loads.
In addition to transonic stage design techniques, the
development also sought to improve performance
by utilizing multi-stage flow analysis to match the
cascade of blades in the compressor (see Fig. 5).

(2) Turbine

The turbine in the H-25 gas turbine has a three-
stage configuration. Fig. 6 shows the cooling
configuration for the first stage. The first stage nozzles
achieved high cooling efficiency using a combination
of impingement cooling and film cooling with

Fig. 5—Example Multi-stage Flow Analysis of Axial
Compressor for Gas Turbine.

Higher compressor pressures and loads are essential to making
gas turbines more efficient.
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pin fin cooling on the trailing edges. The cooling
mechanism for the first stage buckets used return
flow cooling, which was a new technique at the time
of development. The design includes a turbulence
promoter on the surface in the cooling flow path to
improve performance without using a large volume
of cooling air.

Cooling air
7
oo
=,

Pin fin cooling

Front side
flow path

Rear side

I flow path

Impingement
cooling

Film cooling

Cooling air
First stage nozzles First stage buckets

Fig. 6—Turbine Blade Cooling Mechanism for H-25 Gas
Turbine.

The first stage nozzles use a combination of impingement
cooling and film cooling, with pin fin cooling on the trailing
edges. The cooling mechanism for the first stage buckets used
return flow cooling, which was a new technique at the time of
development.

Pre-mixed combustion
(F2) nozzle

Pre-mixer

Flow sleeve

To turbine

Fig. 7—LNG-fired, Low-NOx Combustor and Dual-fuel, Low-
NOx Combustor.

The combustor for the H-25 gas turbine, shown here, achieved a
level of NOx emissions (25 ppm or less) that was among the best
in its class at the time.
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(3) Combustor

Fig. 7 shows the structure of the LNG-fired, low-
NOx combustor in the H-25 gas turbine. A downsized
version of the third-generation combustor used in the
1,300°C-class gas turbine was designed, consolidating
the experience and technology built up on the large
models. This pre-mixed, low-NOx combustor with a
diffusion pilot is based on a ring-shaped flame holder
and achieves class-leading levels of NOx emissions
(25 ppm or less). To allow a wider range of fuels,
Hitachi has developed a dual-fuel gas/oil, low-NOx
combustor that can burn oil and also achieve gas-
fueled performance equivalent to a dedicated gas
combustor. The combustor maintains a stable pre-
mixed flame when fueled by gas, and has a radial type
flame holder to promote mixing of oil and air when
fueled by oil, ensuring stable combustion when fueled
by gas or oil alone, a mixture of the two, or when
switching between fuels.

EXPANSION OF GAS TURBINE BUSINESS
Expansion of Overseas Business

For about ten years after the first H-25 gas turbine
was delivered in 1988, most installations were used
for cogeneration at petrochemical companies in Japan.
Gas turbine users typically place a high priority on a
product’s track record, and they can be reluctant to
select new models. In particular, GE’s MS5001 was
the top selling gas turbine in the same class and had
a large presence in the market. Accordingly, Hitachi
embarked on a program to expand sales that combined
marketing, technology, and design. Based on roughly
a decade of experience from Japan, the first H-25
gas turbine supplied to a customer outside Japan
was delivered to South Korea in 2000, and Hitachi
subsequently went on to deliver a large number of

777777777 10

2012. H-25 gas turbines are
operating reliably in a wide
range of environments, from
the Russian Federation where
temperatures fall as low as
-48°C to the Republic of Iraq
where temperatures reach up to
50°C.

Number of gas turbines entering
operation during year

units to countries around the world. The H-25 and
H-15 gas turbines now have a strong reputation for
high performance and reliability, with totals sales
exceeding 150 units. Similarly, total operating time
has exceeded 1.4 million hours, operating reliably
throughout the world (see Fig. 8).

H-25 Gas Turbine Applications

A feature of the H-25 gas turbine is its wide range
of applications, which extend from power companies
to petrochemical companies.

One recent example of the supply of a gas turbine
to a power company was the Nyiregyhazi Kombinalt
Ciklust Erémii (NYKCE) Project of E.ON Hungaria
in Hungary that commenced operation in 2007 (see
Fig. 9). The NYKCE Project is a multi-shaft combined
cycle plant consisting of one H-25 gas turbine, one

F

Fig. 9—NYKCE Project of E.ON Hungaria in Hungary.

This power plant was constructed to supply power to nearby
factories through a grid interconnection while also supplying
heat for space heating.
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Fig. 10—Betara Project of PetroChina Co., Ltd. in Republic of
Indonesia.
The plant receives gas and liquids by pipeline from several
dozen nearby gas wells and performs gas-liquid separation to
produce natural gas. Exhaust heat from the H-25 gas turbines
is used for the high-temperature gas needed to regenerate the
adsorbent (molecular sieve) used to remove the water content
from the process gas.

waste heat recovery unit with supplementary burners,
and one steam turbine. The net combined cycle output
is between 29.5 and 49.5 MW. The plant operates as
a cogeneration system that uses the waste heat of the
gas turbine to supply hot water for district heating, and
also high-pressure (26 bar, where 1 bar = 0.1 MPa)
and low-pressure (7.5 bar) steam to nearby factories.
As a highly efficient plant, it achieves a cogeneration
efficiency of 89.3%. In terms of its environmental
performance, it features a low-NOx combustor
with emissions of 25 ppm (dry) [15% oxygen (O,)
equivalent] or less under rated operating conditions.
An example application at a petrochemical
company is the Betara gas field development project
of PetroChina Co., Ltd. (see Fig. 10). Located on
the island of Sumatra in the Republic of Indonesia,
a long way from the electric power grid, the project
uses three H-25 gas turbines to supply power with an
island operation configuration. The site includes a
large number of compressors driven by electric motors
in the megawatt range. While compressors like these
have conventionally been driven mechanically by a gas
turbine in the past, the site recognized the benefits of
centralizing power generation using H-25 gas turbines,
which include flexibility of operation and layout,
less maintenance, less spare parts, and cost savings.
Switching all compressors to electric motor drive also
improved the ease-of-operation of the overall system.
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Fig. 11—Sakhalin-2 Project in Russian Federation.
This is an example of the H-25 gas turbine being deployed in a
cold-climate application.

H-25 gas turbines are also used at the world’s
leading LNG facilities. A total of 12 units have been
supplied to the Damietta Project in the Arab Republic
of Egypt, the Sakhalin-2 Project in Russia, and the
Bonny Project in the Federal Republic of Nigeria. The
H-25 has a strong reputation for stable performance
and reliability in the oil and gas industry (including
oil refineries and fertilizer plants), and accounts for
half of all orders.

The Sakhalin-2 Project in Russia is a cold-climate
application where outdoor temperatures fall as low
as -48°C, and the four H-25 gas turbines are installed
indoors together with the waste heat recovery units
(see Fig. 11). To improve plant operation, two of the
four units are solely gas-fired, with dry low-NOx
combustors, while the other two use dual-fuel (gas
and oil) dry low-NOx combustors.

In the Middle East, Hitachi has received orders
for H-25 gas turbines fueled by natural gas and light
oil for the Republic of Iraq from Japan International
Cooperation System as part of its aid program after
the Irag War (see Fig. 12). Three gas turbines were
supplied to the Taji Gas Turbine Power Station in 2007,
and two gas turbines were supplied to the Mosul Gas
Turbine Power Station in 2008. As supervisory staff
from Japan were not able to be sent to the Iraqgi site
for installation and commissioning due to security
considerations, Hitachi decided to handle gas turbine
installation and commissioning remotely. While on-



With supervisory staff from Hitachi unable to be sent to the
site, Iragi personnel undertook all work from installation to
commissioning by themselves.

site work did not always go smoothly, the eagerness of
the Iragi personnel involved in the project to construct
the plant for themselves and the desire on the side of
the Hitachi engineers to help with the Iragi recovery
combined to bring the plant successfully into operation.

DEVELOPMENTS OVER RECENT YEARS
Development of H-80 Gas Turbine

Hitachi developed the H-80 gas turbine based on
technology built up with the H-25. The first unit was
supplied to the Shin Oita Power Station of Kyushu
Electric Power in 2010 (see Fig. 13). Unit 1 at the
Shin Oita Power Station was a combined cycle power

Fig. 13—H-80 Gas Turbine Supplied to Shin Oita Power Station
of Kyushu Electric Power Co., Inc.

This is one of the world’s largest two-shaft gas turbines. It is
helping boost the efficiency of aging gas turbines.
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generation system that commenced operation in 1991.
As its efficiency was low compared to the latest power
generation systems, it was mainly used for peak load.
A proposal to replace the gas turbine was formulated
with the aims of increasing efficiency and flexibility.
This increased the plant efficiency by 3% (absolute)
and also helped reduce CO, emissions. As the project
involved improving efficiency by only replacing
the gas turbine, in accordance with the customer’s
requirements, it had to be installed around the existing
equipment and leave the shaft end output unchanged.
Accordingly, a two-shaft configuration was adopted
with different speeds for the compressor driveshaft
(4,580 rpm) and output shaft (3,600 rpm). The H-80
is a heavy-duty gas turbine with the largest capacity
of any two-shaft model in the world*.

AHAT

Hitachi is currently developing the advanced humid
air turbine (AHAT), a highly efficient system with
excellent operational characteristics. The AHAT is
a new type of gas turbine system with an enhanced
regeneration cycle that is capable of higher efficiency
without increasing the pressure ratio or combustion
temperature. Also, because it does not use a boiler
or steam turbine, the AHAT should be capable of a
rapid load changes and flexible operation. Hitachi
has already confirmed the viability of the system
by conducting testing on a pilot plant with an
output in the 3-MW class (see Fig. 14). Meanwhile,
experimental trials on a 40-MW-class demonstration
system for developing specific technologies required
for commercialization commenced in the end of 2011.

* As of October 2012, based on Hitachi, Ltd. research.
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AHAT pilot plant facility (Hitachinaka City, | baraki Prefecture, Japan)
AHAT: advanced humid air turbine

Fig. 14—3-MW-class AHAT System Pilot Plant.
Hitachi has confirmed the viability of the AHAT system.
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Hitachi aims to produce commercial models in the
future in the medium-capacity class.

The history of Hitachi’s gas turbine business can
be seen as a reflection of the ongoing Pioneering
Spirit that dates back to the company’s founding.
In the future, Hitachi intends to continue taking up
the challenge of greater innovation with the aim of
becoming a leading manufacturer of medium-capacity
gas turbines.

CONCLUSIONS

This article has looked back at the more than
40 years of Hitachi’s gas turbine business, and also
described developments over recent years.
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Titanium 50-inch and 60-inch Last-stage Blades for Steam

Turbines

Shigeki Senoo, Ph.D., PE.jp
Kunio Asai

Atsuhiro Kurosawa
Goingwon Lee

OVERVIEW: Hitachi has developed 3,600 r/min 50-inch blades and
3,000 r/min 60-inch blades as last-stage buckets for steam turbines with some
of the largest annulus areas in the world. Adopting these blades for use in
a 1,000-MW class steam turbine provides benefits that include improving
turbine efficiency in relative terms by approximately 2.5% over that of steam
turbines using 40/48-inch last-stage buckets, and increasing reheat steam
temperature from 600°C to 620°C. In response to the problem of supersonic
inflow at the tips of the buckets, supersonic turbine blades were developed to
reduce loss, and the fluid performance of these blades was verified through
cascade tunnel testing. In addition, a titanium alloy with a high specific
strength was used to keep the centrifugal stresses in both blade and rotor
within allowable limits. The 50-inch blades that were developed will be used
in the 1,050-MW ultra-supercritical pressure steam turbines in units No. 9
and No. 10 at Korea Western Power Co., Ltd.’s Tae-An Thermal power plant.

INTRODUCTION
STEAM turbines are used in various types of power
generation including coal-fired power generation, gas
turbine combined-cycle power generation, nuclear
power generation, and other power generation
systems. Together, they provide the world with more
than 60% of its electric power. The world’s demand
for electric power will continue increasing as the
population grows and standards of living improve
in developing economies, with demand predicted to
reach approximately 1.5 times that of 2009 in the year
2030, and approximately 2.1 in the year 2050V, As
a result, along with the expanded use of renewable
energy, there is also a demand for increases in the
amount of electric power generated by steam turbines.
In particular, coal-fired power generation is important
because coal reserves are plentiful and there is not
much imbalance in amounts from region to region, so
coal-fired power generation can be effectively utilized.
On the other hand, from the perspective of
environmental compliance, it is necessary to improve
the efficiency of steam turbines in order to reduce
carbon dioxide (CO,) emissions. The average gross
thermal efficiency of the world’s coal-fired power
plants is approximately 33% (lower heating value
standard, 2009), and by replacing the turbines in these
plants with Hitachi’s new ultra-supercritical pressure™

)
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Fig. 1—3,600 r/min 50-inch Last-stage Buckets.
With an annulus area among the largest in the world™, turbine
efficiency is improved by reducing wasted kinetic energy.

steam turbines with efficiency greater than 45%, it will
be possible to reduce CO, emissions by more than 30%.

*1 Steam conditions with temperature at 593°C or higher and pressure at
24.1 MPa or higher.

*2 Based on research into publically available information as conducted
by Hitachi, Ltd. Current as of September 2012.
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Fig. 2—Measures for Improving Efficiency of 1,000-MW Class
Steam Turbines.

Efficiency is improved for steam condition, blades, seals, and
exhaust hoods. In particular, efficiency is improved a great deal
by the lengthening of the last-stage buckets.

This article discusses technologies used to increase
the efficiency of steam turbines, and in particular,
the development of titanium 50-inch (see Fig. 1) and
60-inch last-stage blades.

CHARACTERISTICS OF 50/60-INCH LAST-
STAGE BLADES

Measures taken to improve the efficiency of a
1,000-MW class steam turbine include, but are not
limited to, lengthening the last-stage buckets (moving
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TasLe 1. 50/60-inch Last-stage Blade Specifications
The annulus areas are among the largest in the world, and a
titanium alloy is used to reduce centrifugal stress.

Parameter 50 inch 60 inch
Rotational speed 3,600 r/min 3,000 r/min
Blade length 1,250 mm 1,500 mm
Annulus area 11.5 m? 16.5 m?
Boss ratio (blade inner diameter/ 0.40
blade outer diameter)
Blade tip speed 786 m/s
Blade material Ti-6Al-4V alloy

blade), increasing the reheat steam temperature,
optimizing reaction degree, increasing the number
of stages, adopting a new seal construction that
reduces gaps, developing an advanced vortex nozzle
(AVN) (nozzle is a stationary blade), and improving
the pressure recovery effect of the exhaust hood (see
Fig. 2).

The last-stage blade Hitachi developed is a 50-inch
blade with one of the largest annulus areas in the world
(the area of the blade’s circular ring part, where the
flow passes through), for use in 3,600 r/min turbines,
as well as a 60-inch blade with a similar design for
3,000 r/min turbines (see Table 1)®. Although some
of the kinetic energy emitted from the last-stage is
used by the exhaust diffuser to recover pressure,
most of it cannot be extracted as power, and is lost.
By increasing the size of the annulus area, decreasing
the axial velocity of the last-stage outlet, and reducing
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TCA4F-50: TC (tandem compound) high-pressure, intermediate-pressure, and low-pressure turbines are all connected along a single axis. 4F means the number of
last-stage flows, with “4F” meaning “four-flow” and “DF” meaning “two-flow.” -50 = length of last-stage buckets. Ti: titanium
HIP: high and intermediate pressure turbine HP: high-pressure turbine IP: intermediate pressure turbine

Fig. 3—Output Lineup of Steam Turbines for Use in Coal-fired Power Generation, Based on Turbine Type and Last-stage Blade Length.
These 50-inch and 60-inch blades are used in 1,000-MW class output steam turbines with low-pressure turbines and two cylinders

(four flows).



the emitted kinetic energy, it is possible to improve
efficiency. The developed blades have annulus areas
approximately 1.4 times as large as the annulus areas
of previous 40-inch and 48-inch blades, and this
greatly contributes to the improved efficiency.

The 50-inch and 60-inch blades that were developed
are used in 3,600 r/min and 3,000 r/min 1,000-MW
class steam turbines, respectively. Low-pressure
turbines are two-cylinder/four-flow designs, with a
four-cylinder construction shared by high-pressure
and intermediate-pressure turbines (see Fig. 2).
This completes a wide lineup of steam turbines for
coal-fired power generation, ranging from 200 to
1,300-MW (see Fig. 3).

When the aforementioned efficiency improvement
measures are taken and the reheat steam temperature
is increased to 620°C in a 1,000-MW class steam
turbine using the developed last-stage buckets,
turbine efficiency can be improved approximately
2.5% relative to a steam turbine with a reheat steam
temperature of 600°C using 40/48-inch last-stage
buckets.

FLUID PERFORMANCE DESIGN

The reduction of loss in supersonic inflow is an
aerodynamic issue affecting the development of
50-inch and 60-inch-long blades. As blades grow
longer, the circumferential velocity increases in the
tips of the buckets, causing the relative inflow speed to
go supersonic. Supersonic inflow causes shockwaves
upstream in the buckets, which in turn interfere with
the boundary layer at the blade surface, possibly
resulting in loss.

The inflow Mach number was reduced, and a
supersonic turbine blade was developed in order to
reduce loss caused by supersonic inflow (see Fig. 4).

(2) Lower inflow Mach number

(a) Lower degree of reaction

(b) Meridional streamline curvature control
t * Advanced vortex nozzle

* Concave meridional inner wall shape

(2) Development of supersonic turbine blade

Fig. 4—Measures to Reduce Loss Caused by Supersonic Inflow
on Bucket Tips.

Shockwave loss was reduced by lowering the inflow Mach
number and developing a supersonic turbine blade.
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Reduction in Inflow Mach Number

In order to reduce the inflow Mach number,
lowering the reaction degree (bucket load/stage load)
was considered first. With a lower reaction degree, the
nozzle outlet pressure is reduced as the nozzle outflow
speed is increased, resulting in a lower relative inflow
speed for the buckets.

At the nozzle outlet, however, this balances out
with the centrifugal force caused by the swirl flow
with its convex curvature, causing the pressure to
increase as it moves closer to the outer circumference
(see Fig. 5). Therefore, to decrease the nozzle outlet
pressure at the outer circumference, it is necessary to
reduce the pressure gradient in the radial direction.

For this reason, it is decided to develop technology
that would control streamline curvature on the
meridional plane, or in other words, on the plane
including the turbine’s axis of rotation (see Fig. 6).
Specifically, by inducing a meridional streamline at the
nozzle outlet with a concave curvature that is reversed
from the convex curvature of the swirl flow, the pressure
on the outer circumference side was decreased while the
pressure on the inner circumference side was increased
(see Fig. 5). The concave meridional streamline was
introduced using the concave meridional inner wall
(see Fig. 6) and the advanced vortex nozzle (see Fig. 7).

The advanced vortex nozzle is a nozzle tilted
in the circumferential direction with the blade’s
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Fig. 5—Relationship between Meridional Streamline and Radial
Direction Pressure Gradient.

By introducing a meridional streamline curvature with a
concave shape to the nozzle outlet, a negative pressure gradient
is induced in the radial direction, increasing the pressure in

the inner circumference of the nozzle outlet while reducing the
nozzle outflow Mach number.



pressure surface facing the inner circumference.
Although with a straight stacking nozzle, a vortex is
only generated around an axis in the radial direction,
with an advanced vortex nozzle, it is curved in
the circumferential direction, and also induces a
vortex in the meridional plane perpendicular to the
circumferential direction (see Fig. 7). As shown in
Fig. 6, this meridional vortex forms a meridional
streamline with a concave curvature between the
nozzle and the buckets. The concave meridional inner
wall introduces a concave curvature to the streamline
near the inner circumference.

The advanced vortex nozzle and meridional inner
wall shape were optimally designed using three-
dimensional stage turbulent flow analysis. The Mach
number distribution resulting from this analysis is
shown in Fig. 6. The relative Mach number of the
buckets tip’s inflow is reduced to 1.26, which is low
enough that a strong upstream shockwave is not
generated. Also, when the reaction of the entire stage
is reduced, although the outflow Mach number on
the nozzle’s inner circumference side exceeds 1.6,
meridional streamline curvature control technology
makes it possible to only decrease the pressure on the
outer circumference side while increasing the pressure
on the inner circumference side, so the outflow Mach
number on the inner circumference side can be
lowered to approximately 1.4.

Development of Supersonic Turbine Blades

A supersonic turbine blade was developed that can
inhibit shockwave loss®. With these newly developed
long steam turbine blades, the supersonic inflow is
accelerated between blades and outflows at an even
higher supersonic speed, which is something not even
the latest jet engines can do. For this reason, Hitachi
used a numerical turbulence analysis method® that
it developed to optimize the shape of the supersonic
turbine blade while considering the characteristics
of the flow passage area and the long steam turbine
blades, and verified fluid performance with supersonic
cascade tunnel testing®.

These blades offer the following three major
characteristics:
(1) The flow path between blades is the expanding
flow path with a minimal flow path area part (throat)
at the inlet.
(2) The blade thickness increases gradually at the
leading edge.
(3) Curvature is low on the upstream side of the blade
pressure surface.
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Fig. 6—Mach Number Distribution in Meridional Plane through
Three-dimensional Stage Turbulent Flow Analysis.

The nozzle part is the Mach number, and the bucket part is the
relative Mach number. The vortex induced by the advanced
vortex nozzle and the concave inner wall shape induce a
meridional streamline with a concave curvature at the nozzle
outlet, keeping the relative Mach number low for the nozzle
outflow and the bucket inflow.
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Fig. 7—Comparison between Advanced Vortex Nozzle and
Straight Stacking Nozzle.

The advanced vortex nozzle is a nozzle with the blade’s pressure
surface slanted in the circumferential direction towards the
inner circumference. This curve induces a vortex on the
meridional plane, controlling the meridional streamline and
adjusting the Mach number.

Characteristic (1) causes the supersonic flow’s
accelerated expansion to be smooth between the
blade’s flow paths and weakens the trailing edge
shockwave, while characteristics (2) and (3) weaken
the upstream shockwave and equalize the flow at the
inlet throat, which makes it possible to satisfy the mass
flow rate design specifications.
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Fig. 8—Supersonic Cascade Test Section Assembly.

The supersonic inflow Mach number was set with a convergent-
divergent nozzle, and the outflow Mach number was adjusted via
the upper tailboard angle. There were seven blades, the aspect
ratio was 1.07, two-dimensionality of the flow was secured, and
sidewall suction improved the periodicity of the cascade flow.

During the cascade test, the tested section was
affixed to the Kyushu University supersonic wind
tunnel (see Fig. 8). This is an intermittent wind tunnel,
and air was used as the working fluid. A convergent-
divergent nozzle was used to set the Mach number
of the inlet’s supersonic flow, and the angle of the
upper tailboard was changed to adjust the pressure
ratio. Suction from the downward sidewall to the
sidewall boundary layer improved the periodicity of
the cascade flow. The seven test blades were 1/5th
the scale of production blades, the aspect ratio was
1.07, and flow two-dimensionality was secured. The
Reynolds number based on the blade’s chord length
was the same 2.3 x 106 as for production blades.

These cascade tunnel tests successfully verified that
the newly developed supersonic turbine blades satisfy
the design conditions and are high-performance. A
Schlieren photograph used in measurement during
the testing is shown in Fig. 9. These are test results
with an inflow Mach number of 1.26 and an isentropic
outflow Mach number of 2.1. Since the effects of the
reflected shockwave on the sidewall are small, the
flow between the 2nd and 4th blades from upstream
was noted. The black shadow around the blades is
strain from the construction of the acrylic sidewall
channel. Regardless of the supersonic inflow, no strong
shockwave is generated, which indicates the boundary
layer of the blade surface does not separate due to
interference with the shockwave.

Fig. 10 shows a diagram combining the density
gradient distribution of the numerical turbulence
analysis results with the Schlieren photograph of the
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Fig. 9—Schlieren Visualization Photograph of Supersonic
Cascade Testing.

Both the upstream shockwave and trailing edge shockwave
are weak, skewed shockwaves, and it was confirmed that
interference with the upstream shockwave does not cause the
boundary of the blade surface to detach.

Schlieren photograph
(experiment)

Density gradient
distribution
(numerical turbulence
analysis)

M;,: inflow Mach number M,,,;: isentropic outflow Mach number

Fig. 10—Comparison between Supersonic Turbine Blade
Experiment and Numerical Turbulent Flow Analysis.

The upstream shockwave, trailing edge shockwave, and reflected
shockwave on each blade surface, as well as the position of the
blade wake, all closely matched experiment results, validating
the accuracy of numerical turbulence analysis.

cascade tunnel testing. The analysis clearly captured
the shockwaves, and as the upstream shockwave, the
trailing edge shockwave, and the reflected shockwaves
on each blade surface as well as the blade wake
position closely matched the test results, this verifies
the methods used to design the supersonic turbine
blades as well as the accuracy of numerical turbulence
analysis.



STRUCTURAL RELIABILITY DESIGN
Strength Design

In order to keep the centrifugal stress, which
increased as a result of blade lengthening, within the
allowable stress, a titanium alloy with a high specific
strength was used. The titanium alloy has a low
density equivalent to approximately 56% that of steel,
and this also means that the stress affecting the rotor
can be reduced. The titanium alloy also offers superior
characteristics when compared to steel in terms of
corrosion resistance and stress corrosion cracking in
the last-stage buckets during operation in wet steam.

The blade’s stress distribution based on three-
dimensional non-linear finite element method analysis,
with consideration given to large deformation and
contact, is shown in Fig. 11. It was confirmed that
neither blade nor blade root attachments exceeded the
allowable stress. In particular, the balance between
cross-sectional average stress, contact surface
pressure, and local stress was adjusted between the
blade root attachments and the blade grooves on
the rotor side, in order to create a design that offers
sufficient strength reserve against both high-cycle
and low-cycle fatigue. The benchmarks for high-
cycle fatigue strength and low-cycle fatigue strength
were confirmed through fatigue testing in a corrosive
environment and component testing that simulated
the shape of the blade root attachments and the bucket
groove.

For the tip covers, strength versus fretting wear
and abrasion of the contact surface was secured while
the tip covers were made slimmer to reduce weight,
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Fig. 11—Blade Stress Distribution (Finite Element Method).
Centrifugal stress is held underneath the allowable value due to
the use of a titanium alloy with a high specific strength.
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as the stress on blade and rotor was reduced. Test
methods were formulated to simulate the dynamic
characteristics of the cover contact part®, and the
contact normal force limit was identified such that
fretting wear does not occur even when the vibration
tangential force is strong. The vibration tangential
force was designed to be equal to or greater than
the strength whereby a sufficient damping effect is
achieved, and equal to or less than the strength where
excessive abrasion would occur.

Vibration Design

Although with the longer blades, each single
blade’s rigidity is reduced, by adopting a continuous
cover blade (CCB) construction whereby the cover
part and the tie-boss at the height between the blades
are in continuous contact, it is possible to increase the
rigidity of the single ring full-circumference blades,
avoiding resonance in all low-order modes near the
rated rotational speed. For this reason, vibrational
stress is extremely low within the allowed operating
rotational speeds. Also, due to the energy dissipation
mechanism of the contact connections in the CCB
construction, the structural damping ratio is high,
and it is possible to keep vibration stresses within
allowable limits over a wide operating range.

The vibrational characteristics of the single ring
full-circumference blades are such that vibration is
coupled through the connection parts for all blades
around the circumference. As a result, in response
to a single eigenmode of a single blade, there is a
eigenmode group that is referred to as a series of
nodal diameter modes starting with 0, 1, 2, and
so on, just as the case with disk vibration. Not all
of these nodal diameter modes resonate with the
exciting force in synchronization with the rotational
frequency, however, and resonance only occurs when
the vibrational harmonics and the nodal diameter
number match (or more precisely, when the sum of
or difference between the vibrational harmonics and
the nodal diameter number is an integral multiple of
the number of buckets). The three-nodal-diameter
mode of the blade’s first bending is shown in Fig. 12.
The vibration mode characteristics of these types
of single ring full-circumference blades were given
consideration in order to avoid resonance in the design.

In addition, the amount of residual deformation
after operation at 120% speed was evaluated using
elasto-plastic analysis, with the cover and tie-boss
rigidly connected to each other after the rated
number of rotations, showing that the single ring full-



Displacement !
Upstream
| direction

Downstream
direction

First bending mode

Fig. 12—Three-nodal-diameter Mode of Blade’s First Bending
Based on Vibration Analysis.

Rigidity is increased as single ring full-circumference blades,
and resonance is avoided in all low-order modes near the rated
rotational speed.

circumference blade structure could be maintained.
Increasing rigidity reduced the response to blade
vibrations, and the contact angle, contact area, contact
start rotational speed, and gaps at rest were determined
so that the cover and tie-boss contact parts work as
vibration damping mechanisms.

The results of rotational vibration tests using a
vacuum chamber confirmed that resonance is avoided
in all low-order modes near the rated rotational speed
(see Fig. 13).

CONCLUSIONS

This article described the development of high-
efficiency technology for steam turbines, in particular
the development of 50-inch and 60-inch titanium last-
stage blades.

By using these blades, it is possible to improve the
turbine efficiency of a 1,000-MW class steam turbine
that has two cylinders in the low-pressure stage. The
increased annulus area means that the kinetic energy
that cannot be used as power lost from the stage in
a steam turbine using 40-inch or 48-inch blades,
or in other words the exhaust loss, can be reduced.
This results in an improved turbine efficiency of
approximately 2.5% in relative terms, including the
effect of the increased reheat steam temperature.

With respect to the problem of supersonic inflow at
the tips due to blade lengthening, numerical turbulence
analysis technology and supersonic cascade tunnel
testing were used to develop supersonic turbine
blades. The adoption of a titanium alloy with a high
specific strength made it possible to reduce centrifugal
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Fig. 13—Rotational Vibration Test.
Rotational vibration tests in a vacuum chamber were used to
confirm that resonance is avoided.

stress on both blades and rotors, resulting in a design
with sufficient reserve strength. As the blades are
constructed in such a way that they are in contact
with and connect to each other, rigidity and vibration
damping are greatly increased due to the single ring
full-circumference blade structure, and therefore
resonance is avoided near the rated rotational speed.

These newly developed 50-inch blades will be used
in the 1,050-MW ultra-supercritical pressure coal-fired
power generation steam turbines in units No. 9 and
No. 10 at Korea Western Power Company’s Tae-An
Thermal power plant.
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Development of an Environmentally Conscious Thermal

Power System

Yoshiro Inatsune
Yuji Fukuda
Mitsugu Sugasawa
Hajime Kimura

INTRODUCTION

OVERVIEW: New technologies to reduce CO, emissions and environmentally
conscious thermal power generation system technologies that effectively
use coal are needed to counter global warming. In the Hitachi Group, the
Power Systems Company of Hitachi, Ltd. is playing a central role in the
development of technologies to reduce environmental loads. These include
CO, recovery technology, biomass combustion that reduces CO, emissions,
and technologies such as lignite pre-drying technology that reduce CO,,
NOXx, and other substances that are emitted when coal is burned. Hitachi will
continue developing technologies that can contribute to the reduction of CO,
emissions while giving consideration to economics, in order to achieve the
best possible combination of fossil fuels and renewable energy.

and this is why Hitachi is pursuing a wide range of

AS global economic development causes the demand for
energy to rise, the issue of countering global warming is
growing increasingly urgent. Since coal deposits are not
overly concentrated in particular regions, and since the
coal is cheap, coal-fired power generation has played a
major role as a source of energy for nations. Also, the
Great East Japan Earthquake of 2011 has generated
momentum, causing society to reevaluate and place
a greater priority on this issue. Coal generates large
quantities of carbon dioxide (CO,) emissions, however,

efforts in the area of coal-fired power generation,
towards the realization of a low-carbon society.

This article describes a demonstration testing
project using CO, recovery technology to recover
the CO, in the exhaust gas of coal-fired power plants,
technology that increases the biomass co-firing ratio in
coal to reduce CO,, and lignite pre-drying technology,
which is an effective way to use low-quality coal as
part of the switch to energy conservation in coal-fired
power generation.
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Fig. 1—Hitachi Group Roadmap for Environmentally Conscious Technology.
Hitachi provides technologies that promote the best combination of fossil fuels and renewable energy.



GLOBAL OPERATIONS IN
ENVIRONMENTALLY CONSCIOUS
TECHNOLOGY

Hitachi has declared that it will “help reduce annual
CO, emissions by 100 million tons by 2025 through
Hitachi products and services” in its Environmental
Vision 2025, and is promoting the development
of technology towards the realization of a global
low-carbon society. In particular, power generation
departments are responsible for approximately 70% of
this amount, and are proactively working to develop
technologies that can contribute to reductions in CO,
while considering economics at the same time, in order
to achieve the best possible combination of fossil fuels
and renewable energy.

Specifically, efficiency-improvement techniques
include 700°C-class advanced ultra-supercritical
thermal power generation (A-USC) and integrated
coal gasification combined cycle (IGCC) technologies,
the use of solar thermal, photovoltaic, wind power,
and biomass renewable energy sources, exhaust
gas treatment technology including SCR, FGD,
and chemical absorption and oxyfuel combustion
techniques as CO, recovery technology. Fig. 1 shows
this development roadmap and vision, systems in
which the equipment is used, and the exteriors of
research facilities.

In developing these technologies, Hitachi has
built a global network across Japan, the USA, and
Europe, and is collaborating with local universities
and national research institutes.

The development of materials that can withstand
high temperatures and pressures is a key technology
behind the 700°C-class A-USC, and Hitachi, Ltd. and
Hitachi’s European base Hitachi Power Europe GmbH
are collaborating with power utilities and German
universities on a wide range of joint development
projects, from basic testing to in-plant testing.

As for chemical absorption techniques and
exhaust gas treatments, Hitachi, Ltd. and Hitachi’s
American base Hitachi Power Systems America, Ltd.
have commissioned a U.S. Department of Energy
(DOE) research institute with a joint project to verify
chemical solvents. Also, Hitachi, Ltd. and Hitachi
Power Systems Canada Ltd. have started collaborating
on a joint demonstration test project regarding CO,
recovery technology with Canada’s Saskatchewan
Power Corporation (SaskPower).

In the area of renewable energy, Hitachi is
developing technology for mixed biomass combustion
and the effective use of torrefaction biomass, as well
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Hitachi is promoting research and development in collaboration
with group companies, universities, and national research
institutes in each country.

as high-speed load change technology for traditional
thermal power. Hitachi, Ltd. will also collaborate with
Hitachi Power Europe GmbH to develop combustion
technology for the high-moisture lignites (dry, direct
combustion, etc.) that are expected to be used in
increasingly larger quantities in Southeast Asia and
elsewhere (see Fig. 2).

CO, RECOVERY TECHNOLOGY
(1) Demonstration testing in Canada

Hitachi has started a joint CO, recovery
demonstration testing project with SaskPower. The
test site is the 298-MW Shand Power Station on
the outskirts of the city of Estevan, Saskatchewan,
which is owned by SaskPower. This plant is located
in the mid-western region of Canada, which is a
center of development for CCS technology. Both
companies have been cooperating to consolidate
CO, recovery technology and know-how, and are
conducting comprehensive demonstration tests and
evaluations of factors such as reliability and economic
potential of the entire facility, with an aim towards the
development of large commercial systems.

Fig. 3 shows the system flow for the demonstration
testing facility. The exhaust gas is extracted from the
chimney inlet and introduced to the absorber after Pre-
scubber. The absorber injects solvent in the exhaust
gas, absorbs CO,, and sends it to the desorber to be
recovered CO,, after which a return to the absorber
allows the system to recover CO, in a continuous
cycle. A design was adopted that considers issues
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Fig. 3—System Flow of CO, Recovery Demonstration Testing
Facilities in Canada.

Exhaust gas are extracted from the chimney inlet and introduced
to the absorber, after which the CO, is absorbed into the
solvent. After the CO, is discharged by the desorber, the solvent
is once again returned to the absorber in a continuous process
of CO, recovery.
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such as low emission measures for the solvent from
the chimney, the effective use of solvent, and energy
conservation.

Fig. 4 shows the rendering of CO, recovery
demonstration test facilities. The inside of the exterior
wall of the CO, demonstration test system is shown
against the Shand Power Station building in the
background. The tall, cylindrical object visible in the
steel frame structure is the absorber, which will be
located adjacent to the desorber. The tests are planned
to start in the middle of 2014.

Fig. 4—Artistic Rendering of CO, Recovery Demonstration
Testing Facilities.

This rendering shows the CO, recovery system against

the background of the Shand Power Station building in
Saskatchewan.
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TasLe 1. Conditions of Canadian Demonstration Testing Plan
Specifications are based on a consideration of scaling up for use
in a commercial system.

Item Design Condition
Fuel Canadian lignite
Exhaust gas volume 23,000 m® N/h (wet)
Temperature 40°C
CO, concentration 13%
CO, recovery efficiency 90%
Capacity of CO, recovery 120 t/d

The conditions of the demonstration test plan are
shown in Table 1. The scale of the system was decided
based on a consideration of the scale of an actual
future commercial system. It will process 120 t/d of
CO, with a CO, recovery efficiency of 90%.

The CO, solvent used in this testing is H3-1, which
was developed based on technology cultivated during
the actual flue gas demonstration testing conducted
at Yokosuka Thermal Power Station in joint research
with Tokyo Electric Power Co., Inc. in the first half
of the 1990s.

The key areas in terms of performance in this
process are the CO, absorption of the solvent, as well
as the reduction in energy required for recovering CO,,.
Fig. 5 shows a comparison between mono-ethanol
amine (MEA), which is the standard amine solvent
used for CO,, and H3-1. When compared with MEA,
the required fluid volume of H3-1 solvent is reduced
by 35%, and the required energy is reduced by 26%.
These figures are the result of testing commissioned
to the University of North Dakota’s Energy &
Environmental Research Center (EERC) in the USA.
Based on this evaluation, the National Carbon Capture

&
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Source: Report of the Energy & Environmental Research Center, USA

MEA: mono-ethanol amine

Fig. 5—Solvent Performance Comparison.

When compared to the standard solvent mono-ethanol amine
(MEA), H3-1 solvent has been shown in tests to require a much
lower fluid volume and much less energy.



Center (NCCC), which is a national research center in
the USA, is also conducting evaluation tests.
(2) Other demonstration testing

Hitachi conducted gas-burning CO, recovery tests
at a Norwegian research institute in the fall of 2012.
Expectations are high for the establishment of CO,
recovery technology for use with a variety of different
fuels, including coal.

BIOMASS COMBUSTION TECHNOLOGY
Overview

When the biomass co-firing ratio is increased for
an existing coal-fired thermal power plant, a dedicated
mill (pulverizer) must be added, resulting in issues
such as a need for additional on-site power and
space. In order to deal with these issues, the practical
application of a combustion system is being promoted
that utilizes the existing mill by securing a high co-
firing ratio while reducing the costs associated with
constructing and modifying facilities (see Fig. 6).

In view of the goal of reducing domestic CO,
emissions by 25%, the target co-firing ratio was set to
25 cal%. This development of the practical application
of co-firing technology for existing pulverized-coal-
fired boilers using only biomass is being conducted
as a joint research project with the New Energy and
Industrial Technology Development Organization
(NEDO) (fiscal 2010 to 2013). A description of the
results of this research up to this point follows.

Fig. 6—Biomass Co-firing Facilities Utilizing Preexisting
Combustion System.

By converting existing coal mills (pulverizers) and burners

so that they can also be used with biomass, 25 cal% biomass
co-firing is achieved for the entire plant. A dual-use biomass
mill can also be used for the combustion of coal, and can also
continue functioning as a reserve mill.
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Development Results
(1) Biomass pulverizing mills

Elemental test evaluations were conducted on
multiple types of biomass including grass-based and
wood-based materials, proposals were made for the
appropriate structure to achieve the target co-firing
ratio, and both safety (explosion-proofing) and
corrosiveness were evaluated.

First, five types of biomass pellets were used in
an elemental test of dedicated pulverizing. There are
major differences in granularity and pulverizing force
between the different types of biomass, and it has been
confirmed that other than some biomass types (bark),
granularity does not become finer than the feedstock
granularity before pellet formation. This is necessary
information for the design of a system (see Fig. 7).

Next, elemental tests were conducted of the
appropriate structure to use in order to improve
biomass discharging efficiency, which is a factor in
achieving a high co-firing ratio through dedicated
pulverizing. By reducing the vertical roller mill’s
particle classification function, it was determined that
it is possible to efficiently discharge the pulverized
biomass outside the mill. This was achieved by using
a double wall for primary classification (gravity
classification), and a contracted vein for secondary
classification (centrifugal classification). The exterior
of the mill with this structure is shown in Fig. 8.

In the area of safety, methods of avoiding
particle explosion were considered. Switchgrass was
confirmed to have a lower explosion limit oxygen (O,)
concentration of 19 vol%, and so the mill was built

[ Feedstock granularity (wet screening)
After pulverization (30 s)

Pulverization load: 200 kPa
. Table rotation speed: 50 r/min
' Stockpile in pulverizer: 100 g

i
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[Sugar cane residue]
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Fig. 7—Pulverized Powder Generation Characteristics of Each
Type of Pellet.

Other than bark, pulverizability in excess of feedstock
granularity was not confirmed. In particular, it was confirmed
that switchgrass is more difficult to pulverize than other types of
biomass.
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Fig. 8—Muills Using Both Biomass and Coal.

The quantity of biomass discharged during pulverization was
achieved by reducing the functions of primary and secondary
classification. Development enabled combustion of coal by
using the same structure.

to operate with an inlet O, concentration of 18 vol%.

Chemical equilibrium computations were
performed in order to evaluate the gas composition
of the exhaust gas recirculation system and analyze
corrosiveness. In the case of switchgrass, sulfur
trioxide (SO,) concentration is low, at 0.1 ppm in the
mill outlet of the exhaust gas recirculation system
(with an O, concentration of 18 vol%), indicating that
the risk of corrosion is low in the mill and pulverized
coal piping.

(2) Dedicated biomass burners

Combustion performance was evaluated for
switchgrass using a single burner pilot plant for the
combustion of biomass at the pilot scale. For the
burner, a flame stability type NR-LE burner that can
handle the combustion of lignite or other biomass with
a low O, carrier gas was used as the basic structure
(see Fig. 9).

In the case of the aforementioned switchgrass, with
carrier gas O, concentration at 18 vol% conditions,
the ability to combust in a stable manner with the
burner load’s range of use between 40% and 70%
was confirmed. The concentrations of nitrogen
oxide (NOx) and carbon monoxide (CO) were the
same or lower as the concentrations reached during
the combustion of coal (Bulga coal in Australia).
Although the unburned carbon in fly ash was higher
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Fig. 9—Burners for Both Biomass and Coal.

Stable combustion in a low-oxygen atmosphere was secured
with an improved NR-LE burner developed for use with low-
grade coal.

TasLe 2. Dedicated Combustion Characteristics of Single
Burner Equipment

Since the absolute amount of ash content is low in biomass,
unburned carbon in fly ash of biomass has a relatively high
value when compared to coal, and a favorable combustion
efficiency. NOx, CO, and other emissions are equal to or lower
than emissions during coal combustion.

Fuel Switchgrass (Austr. aCI:ic;?]I Bulga)

NOx 137 ppm (6% O,) 136 ppm (6% O,)

CO 0 ppm (actual O,) 13 ppm (actual O,)
Unburned carbon in fly ash 8.7% 6.2%

Combustion efficiency 99.6% 99.0%

than for coal due to the lower ash content in the
biomass, combustion efficiency was higher than for
coal (see Table 2).
(3) Biomass co-firing system

A large-scale combustion facility was used in tests
to demonstrate that there are no combustion problems
in the operation of a boiler furnace. For biomass,
switchgrass used for the dedicated combustion burner,
and cedar was used for the co-firing burner. For
coal, Australian Bulga coal was used. A dedicated
combustion burner that was verified during single
burner testing was used for the dedicated combustion
burner, a coal burner was used for the co-firing burner,
and combustion performance was evaluated with
the co-firing ratio around a target value of 25 cal%
by adjusting between 20 cal% and 33 cal%. There
were no problems in the ignition of the dedicated
combustion burner, and a stable flame was formed. As
the co-firing ratio increased, NOx was reduced, and
almost no secondary CO was generated. In addition,
there was almost no increase in unburned carbon in
fly ash.



(4) Expected performance of actual boiler and
consideration of potential for system establishment

As an example representative of the cases
considered, the result of considering gas state quantity
around key devices during biomass 25 cal% co-firing
is shown in Fig. 10. Based on the assumption of wood-
based material (pine) with a strict lower explosion
limit, the evaluation calculated the O, concentration in
the biomass carrier gas as 11 vol%. When compared
with the combustion of coal, the increase in gas
temperature amounts to several degrees, and the
increase in gas quantity amounts to several percentage
points. This was confirmed to be within a range where
it would not cause problems in the configuration of
the facility.
(5) Summary of development results

As described above, pulverizing elemental tests,
single/multiple burner furnace tests, and others were
used to determine characteristics, and a vision of the
practical application of a biomass co-firing ratio of
25 cal% with the current state of coal thermal power
was achieved. Future plans involve the completion of
an entire system, including operational methods, with
the addition of wood-based material test evaluation in
an expanded range of verification, verification using
a continuous pilot mill and exhaust gas treatment
systems, and comprehensive evaluation.

LIGNITE PRE-DRYING TECHNOLOGY
Overview

High-moisture lignites lose a great deal of heat
due to water, and are low in net thermal efficiency.
Furthermore, when lignite is dried, it tends to
spontaneously ignite. Although dry technology has
been under continuous development for many years,
since the dryer itself is large, the technology has been
difficult to apply to power plants, and this has prevented
the technology from being practically applied. For this
reason, Hitachi is working to develop effective dry
technology for use with high-moisture lignites.

Development of Lignite Pre-dryers
(1) Test facility

The air-fluidized process was selected based
on considerations regarding how to efficiently dry
the lignites, and an original mobile fluid dynamics
conveyor was incorporated. Fig. 11 shows the exterior
of the test facility.
(2) Test results

Dry test results are shown in Fig. 12. As the test
results indicate, although it used to take approximately
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Fig. 10—Effects on Downstream Boiler Equipment (Ratio with
Respect to Coal Combustion).

It was confirmed that when compared to the combustion of
coal, the increases in gas temperature and quantity for biomass
25 cal% co-firing are within a range such that they will not
cause problems in the configuration of facilities.

Fig. 11—Elemental Test System for Lignite Pre-drying
Technology.

An air-fluidized process is adopted in an original mobile fluid
dynamics conveyor.

50 minutes to dry the moisture in lignite to 20%, with
the new technology it is possible to do the same in
just around six minutes. Also, the temperature during
drying, which used to be around 100°C, can now be
reduced to around 50°C.

Since the drying period is shortened, this reduces
the size of the coal hold-up, which in turn makes it
possible to reduce the required space. Installation
space requirements are compared in Fig. 13. Although
in the past it was necessary to install the dryer in a
separate location, with the newly developed system,
it can be installed inside the boiler building.
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Fig. 12—Results of Elemental Test of Lignite Pre-drying
Technology.

When compared to previous systems, the developed system cuts
drying temperature in half and reduces drying time to one-
eighth.

Furthermore, since past dryers operated at a high
drying temperature, the low pH of the evaporated water
would cause corrosion of the dryer’s materials, making
it necessary to use stainless steel. The newly developed
dryer operates at a lower drying temperature, and so
the evaporated water has a pH equivalent to that of
ordinary water, and therefore carbon steel can be used.

With regards to safety, the results of explosion
tests conducted on pulverized powder extracted during
testing confirm that explosions do not occur at the
static electricity level. CO combustible gas was also
monitored during testing, but CO was not generated.

Developed system

| Inside boiler building
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TasLe 3. Performance Comparison between Lignite Pre-dryer
Development System and Previous Systems

The developed system using power plant lignite pre-drying
technology successfully reduces drying time, temperature, and
size when compared with previous systems.

Item Developed system Previous system
Water content in coal 60%—20% 60%—20%
Drying time Within 10 min Around 50 min
- Compact (installed Installed in separate
Bl ek inside boiler building) location
Dryer materials Carbon steel Stainless steel
Temperature 60°C or less Approximately 100°C
Safety . .
(particle explosion) No particle explosion -
Safety .
(combustible gas) No combustible gas -
- Two-point
Net thermal efficiency improvement -

An expected improvement of the target amount of
approximately two points was confirmed in the net
thermal efficiency.

As described above, the results meet the original
development targets, and there are plans to carry out
final verification tests while giving consideration to
actual operation.

(3) Summary of development results

It was confirmed that when compared to previous
systems, this development system greatly reduces
drying time, temperature, and size (see Table 3).

CONCLUSIONS

This article provided an overview of a demonstration
testing project using CCS technology to recover the
CO, in the exhaust gas of coal-fired power plants,
technology that increases the biomass co-firing ratio in

Inside boiler building
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coal to reduce CO,, and lignite pre-drying technology,
which is an effective way to use low-quality coal as
part of the switch to energy conservation in coal-fired
power generation.

Hitachi will continue developing technologies that

can contribute to the prevention of global warming.

@
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Near-zero-emission IGCC Power Plant Technology
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INTRODUCTION

OVERVIEW: Hitachi is participating in the EAGLE project being undertaken
jointly by the New Energy and Industrial Technology Development
Organization (NEDO) and the Electric Power Development Co., Ltd.
(J-POWER) and has been contracted by J-POWER to supply a complete set
of equipment and provide support for trial operation. Drawing on the results
from EAGLE, Hitachi is also involved in the large-scale experimental testing
of 170-MW-class oxygen-blown coal gasification combined cycle power
generation technology being undertaken by Osaki CoolGen Corporation.
In addition to the design, fabrication, installation, and commissioning of
an oxygen-blown, two-stage spiral-flow gasifier (capable of gasifiering
around 1,100 t/d of coal) and combined cycle generation plant, the
company also has an engineering role in which it acts as technical leader
and coordinates the overall demonstration plant. Hitachi is also working
to expand applications for the gasifier to include chemical feedstocks, and
its aim is to reduce the construction cost of commercial IGCC systems by
minimizing the gasifier construction costs through standardization and
improved know-how. In Hitachi’s work on technical development aimed at
achieving near-zero emissions (very low levels of CO, and soot emissions),
its approach is to seek to minimize loss of net thermal efficiency while also
reducing construction costs.

This article describes the results of pilot testing

IT is estimated that total global power generation in
2030 will be about 1.7 times that in 2007, and it is
also predicted that the use of coal-fired thermal power
generation will continue to grow as it remains a key
source of electric power®. Because the price of coal
is stable and cheap, with large minable reserves, and
because it is not geographically concentrated, with
coal mines located in politically stable regions, it is
seen as remaining an important primary energy source
for some time to come.

However, the amount of carbon dioxide (CO,)
emitted per unit of energy produced from coal is high
compared to other fossil fuels, such as natural gas
or oil. This has created an expectation for clean coal
technologies. There is also a trend toward introducing
regulations on the per-unit emissions of CO, from
thermal power plants, and this creates a potential for
requirements that are difficult to achieve in practice,
such as higher efficiency and the use of biomass in
multi-fuel combustion.

Hitachi aims to expand its environmentally
conscious coal-fired thermal power generation
business to reduce CO, emissions, and it is accelerating
the development of clean coal technologies.

of the Coal Energy Application for Gas, Liquid and
Electricity (EAGLE) project using an oxygen-blown,
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Fig. 1—IGCC System Configuration.
IGCC gasifies coal in a gasifier by converting it into combustible
gas (CO and H,). This combustible gas is used to fuel a gas
turbine. Exhaust heat from the gas turbine and reaction heat
from the gasifier are recovered and used to produce steam.
Using both the gas turbine and steam turbine to generate
electric power boosts the efficiency of power generation.
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Fig. 2—Gasifier Features.

The gasifier developed by Hitachi uses oxygen-blown, two-
stage, spiral-flow gasification to produce gas with high
efficiency using small amounts of oxygen.

two-stage gasifier; large-scale experimental testing of
oxygen-blown coal gasification drawing on work at
EAGLE; and the development and commercialization
of integrated coal gasification combined cycle (IGCC)
technology with near-zero emissions (very low levels
of CO, and soot emissions).

IGCC SYSTEM CONFIGURATION

IGCC is a combined cycle electric power
generation system that uses a gasifier to convert coal
into combustible gas at high temperature and pressure
that is then used to fuel a gas turbine and generate
electric power. Heat recovery is also used to recover
the exhaust heat from the gas turbine and the reaction
heat from the gasifier, using it to produce steam and
generate electric power in a steam turbine (see Fig. 1).
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CHARACTERISTICS AND DEVELOPMENT
HISTORY OF OXYGEN BLOWN GASIFIER
Characteristics of Oxygen-blown Gasifier

The oxygen-blown gasifier (EAGLE gasifier)
uses two-stage, spiral-flow gasification® to adjust
the ratio of oxygen and coal in the upper and lower
stages depending on the coal type. As the spiral down
flow can maintain particle residence time® and also
minimize particle scattering, it is possible to gasify
the coal using a small amount of oxygen (see Fig. 2).

Development History of Oxygen-blown Gas
IGCC with CO, Separation and Capture

The basic concept of the oxygen-blown, two-stage
spiral-flow gasifier was established through more than
1,000 hours of continuous operation of a pilot plant
(50 t/d) supplied to the New Energy and Industrial
Technology Development Organization (NEDO) and
the Research Association for Hydrogen from Coal
Process Development (HYCOL), and problems with
ash were also resolved through experimental testing®.

Drawing on the results of the HYCOL project,
Hitachi is also participating in the EAGLE project run
by NEDO and Electric Power Development Co., Ltd.
(J-POWER)®, This has been contracted by J-POWER
to supply a complete set of equipment, as well as
providing support for trial operation by J-POWER.
EAGLE has achieved all of its initial development
objectives and completed Step 1 trials in March 2007®
(see Fig. 3).

Step 2 involved upgrading the gasifier to expand
the range of usable coal types and to verify its

Fiscal year 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 [ 2010 [ 2011 [ 2012 [ 2013
I I I I I I
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Confirm characteristics of CO, capture (chemical absorption).

Fig. 3—EAGLE Trial Operation
Process.
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for a 170-MW-class IGCC
demonstration plant.



reliability, with trials running up until March 2010.
While the EAGLE design was based on the results
of the HYCOL project, problems arose that could
not be foreseen in the preliminary analysis studies.
The gasifier was further upgraded to deal with the
problems at EAGLE and the suitability of these
countermeasures verified in EAGLE Step 2.

Also, some of the existing equipment was diverted
for use in world-leading experimental testing of
CO, separation and capture (chemical absorption)
from syngas. The feed gas volume was 1,000 m?
(Normal)/h and CO, capture was approximately 24 t/d.
Technology for capturing CO, from syngas (pre-
combustion capture) is already in widespread use for
capturing CO, from natural gas, and its use in thermal
power plants is under investigation around the world.
An important factor when applying the technology to
thermal power plants is to minimize the loss of net
thermal efficiency when the CO, capture equipment
is installed. This requires reducing the amount of heat
needed to regenerate the CO, absorption fluid and
fine-tuning the heat recovery system to minimize the
reduction in the output of the steam turbine. EAGLE
Step 2 used heated flash regeneration to optimize the
operating conditions and fine-tune the heat recovery
system to minimize the reduction in the output of the
steam turbine, significantly reducing the loss of net
thermal efficiency associated with CO, capture from
syngas while still achieving a CO, capture ratio of
90% and a CO, purity of 99%.

Step 3 of the project from 2011 to 2013 includes
operating the gasifier to generate the coal gas required
for trialing CO, separation and capture (physical
absorption) and also collecting design data for a
170-MW-class IGCC demonstration plant. A problem
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with the CO, separation and capture (chemical
absorption) used in Step 2 was that the operation
of heated flash regeneration caused foaming of the
absorption fluid and its dispersal to the downstream
side. In response, a new flash drum with appropriate
dimensions was installed prior to commencing Step 3,
and then operation during the Step 3 trials kept within
a range suitable for these dimensions. This succeeded
in eliminating the dispersion to the downstream side
caused by foaming of the absorption fluid.

In joint research by NEDO and Hitachi, actual
gas trials of multi-can combustion using a multi-pore
coaxial jet burner (cluster burner) and advanced sour
shift catalysts are planned in FY2012.

PLANS FOR EXPERIMENTAL TESTING
OF OXYGEN-BLOWN IGCC WITH CO,
SEPARATION AND CAPTURE

J-POWER and The Chugoku Electric Power
Co., Inc. established Osaki CoolGen Corporation
in July 2009 to make efficient progress on oxygen-
blown IGCC power generation technology and CO,
separation and capture technology.

For Phase 1 of the Osaki CoolGen Project, Osaki
CoolGen Corporation will commence construction
of a large-scale demonstration plant for 170-MW-
class oxygen-blown coal gasification technology
in March 2013. The aims are to verify the basic
performance (power generation efficiency and
environmental performance), operating characteristics
(startup and shutdown time, rate of change of load,
etc.), and economics of the oxygen-blown IGCC
system. Next, the plan for Phase 2 is to retrofit the
IGCC demonstration plant built for Phase 1 with
CO, separation and capture equipment, and to
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verify the system’s basic performance, equipment
reliability, operating characteristics, economics, and
environmental performance. For Phase 3, the plans
include adding a fuel cell to the IGCC system with
CO, separation and capture built in Phase 2 to verify
precision gas purification technology and the potential
for using coal gas in fuel cells, and also performing
appropriate verification testing of an integrated coal
gasification fuel cell combined cycle (IGFC) power
generation system® (see Fig. 4).

In addition to the design, fabrication, installation,
and commissioning of an oxygen-blown, two-stage
spiral-flow gasifier with a coal processing capacity of
about 1,100 t/d, the 170-MW-class combined cycle
power generation equipment, and the electrical and
control equipment for the large-scale experimental
testing of the 170-MW-class oxygen-blown coal
gasification technology in Phase 1, Hitachi also has
an engineering role in which it acts as technical
leader and coordinates the overall demonstration
plant. The plans for trial operation in Phase 1 include
technical verification of the scaling up of the gasifier,
establishment of technology for the operation and
control of the gasifier, and total system verification of
oxygen-blown IGCC.

The generator output of the Osaki CoolGen Project
is in the 170-MW class, and the 40.5% higher heating
value (HHV) target for net thermal efficiency will make
it one of the most efficient in the world for a system of
this output class, demonstrating the high efficiency of
oxygen-blown IGCC. Verification of this result would
imply that a commercial IGCC system could achieve a
net thermal efficiency of 46% (HHV), accelerating the
commercialization of highly efficient IGCC.

ACC
(LNG-fired
combined cycle
power generation)

1,300C-class/GI » increase (Step 1)

+ CO, separation
and capture
(Net 32% HHV)

+ CO, separation
and capture
(Net 35% HHV)

Gasification co-production Jis
of chemical feedstock i

GT temperature » GT temperature
increase (Step 2)

Technoitransfer Technoitransfer Technoitransfer

+ CO, separation

and capture
(Net 40% HHV)

Reduce loss of efficiency dueto CO; capture.

Near-zero-emission IGCC Power Plant Technology 42

BOOSTING NET THERMAL EFFICIENCY OF
OXYGEN-BLOWN IGCC AND REDUCING
CO, EMISSIONS

Deployment of Oxygen-blown IGCC

The net thermal efficiency of IGCC can be
increased through the use of technology that boosts
the efficiency of a natural-gas-fired gas turbine by
increasing its temperature. The net thermal efficiency
of the oxygen-blown IGCC with a higher gas turbine
temperature (Step 2) is 46% (HHV), and it can
reduce CO, emissions by roughly 20% compared to
the latest pulverized coal thermal power generation.
For an oxygen-blown gasifier, CO, can be captured
from feed gas with a high CO, concentration
(approximately 40%) pressurized to between 2.5 MPa
and 3.0 MPa (pre-combustion capture). As the flow
rate of the gas being processed is lower than it is
when capturing CO, from the boiler exhaust gas
(post-combustion capture), the equipment can be
made smaller than that used for capturing CO, from
the boiler exhaust gas, and the loss of net thermal
efficiency is minimized.

Achieving practical coal-fired thermal power
generation with near-zero emissions by combining
IGCC with carbon capture and storage (CCS) makes
it possible to combine CO, emissions reduction with
the efficient use of coal. As the high concentration
of fuel components in the gasifier syngas (CO and
H,, etc.) for oxygen-blown gas IGCC means that
the fuel cell voltage can be increased, using a highly
efficient generation system that incorporates a fuel
cell can reduce CO, emissions by approximately 30%
compared to the latest coal-fired thermal power plants
in Japan® (see Fig. 5 and Fig. 6).
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Fig. 6—CO, Emission Reductions for IGCC and IGCC + CCS.
IGCC (for 1,500°C-class gas turbines) has 20% lower CO,
emissions than a conventional coal-fired thermal power
generation plant. Adding CO, capture to IGCC (IGCC + CCS)
results in near-zero emissions of CO,.

Strategy for Commercialization of Oxygen-
blown IGCC

Trial operation in Phase 1 of the Osaki CoolGen
Project is intended to commercialize IGCC through
technical verification of the scaling up of the gasifier,
establishment of technology for the operation and
control of the gasifier, and total system verification of
oxygen-blown IGCC. The gasifier will be scaled up
by a factor of less than 10 to maintain the two-stage
spiral-flow characteristics and minimize the risks
associated with scaling up.

The target is to build the first commercial system
with a gasifier capacity less than 10 times the 150 t/d
capacity of the EAGLE gasifier by 2020. The first
commercial IGCC will include the higher gas turbine
temperature (Step 1), have a coal processing capacity
of 1,300 t/d, a generator output in the 200-MW class,
and net thermal efficiency of 43% (HHV).

Similarly, a target of the latter half of the 2020s
has been set for using IGCC with higher gas turbine

Dust removal
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temperature (Step 2) to commercialize a highly
efficient IGCC with a generator output in the 300-MW
to 370-MW class and net thermal efficiency of 46%
(HHV).

PROGRESS ON ZERO-EMISSION IGCC
THROUGH DEPLOYMENT IN MULTIPLE
APPLICATIONS

Development Strategy for Zero-emission IGCC

An issue with IGCC demonstration plants is the
high cost of construction. It is recognized that the
predicted levels of construction costs for commercial
plants are different depending on the development
stage, with the predicted construction cost being
highest for a commercial plant at the demonstration
stage during which the issues to be verified and project
risks are clarified. After that greater know-how and
standardization bring the construction cost down.
With the IGCC currently at the demonstration stage,
one strategy for reducing the construction cost of the
oxygen-blown, two-stage spiral-flow gasifier is to
extend its application to include use as a gasifier for
chemical feedstocks. Reducing the cost of gasifier
construction also helps reduce the construction costs
for commercial and zero-emission IGCC.

In the case of gasifiers for chemical feedstock
and zero-emission IGCC, Hitachi is working on the
following four initiatives (in addition to enhancing
know-how and standardization) to reduce construction
costs and increase efficiency (see Fig. 7).

(1) Improve cold gas efficiency by using CO,
circulation gasification.

(2) Use direct quenching for syngas cooling and
humidification.

(3) Use advanced sour shift catalyst.

(4) Establish technology for low-nitrogen-oxide (NOX)
combustion using cluster burner.

Fig. 7—Configuration of Gasifier
for Chemical Feedstocks and
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Improved Cold Gas Efficiency Resulting from
CO, Circulation Gasification

In gasifiers for chemical feedstocks and zero-
emission IGCC, the generated CO, is used as the coal
transport medium in the gasifier. Because the mixing
gas in the gasifier is CO, instead of nitrogen, the
concentration of impurities (nitrogen) in the syngas is
reduced. Also, gasifying coal in the presence of CO,
reduces the amount of oxygen used and improves,
by approximately 3.5 points, the cold gas efficiency
that represents the yield ratio for the syngas (ratio
of syngas calorific value to coal heat input). As CO,
has a higher heat capacity than nitrogen, and as
the reaction between coal and CO, is endothermic,
changing the coal transport medium from nitrogen to
CO, reduces the gasifier temperature. As the ash ina
spouted bed gasifier is collected as molten slag, the
gasification temperature needs to be kept above the
ash melting point.

EAGLE has an oxygen-blown two-stage spiral-
flow gasifier. In CO, circulation gasification, the
flow of oxygen to the lower burner is increased to
maintain the lower stage gasification temperature and
ensure a stable downward flow of slag. In addition
to offsetting the increased flow of oxygen to the
lower burner, reducing the flow of oxygen to the
upper burner in accordance with the reduced oxygen
requirement resulting from the use of CO, gasification
also allows the cold gas efficiency of the gasifier to be
increased. The improved cold gas efficiency resulting
from CO, circulation gasification is a feature of two-
stage gasification and is one of the superior technical
features of gasifiers for chemical feedstocks and the
EAGLE gasifier for zero-emission IGCC (see Fig. 8).

\PRIEIE s C + 0.5 0,+0.05 N,

Near-zero-emission IGCC Power Plant Technology 44

Use of Direct Quenching for Syngas Cooling
and Humidification

At the Osaki CoolGen demonstration project, the
syngas is cooled to between 350°C and 400°C by the
heat exchanger in the upper part of the gasifier and the
syngas cooler (SGC), dust removal is performed using
a char filter and halogen removal. Further cooling
occurs in the water scrubber, and then the sulfur
components of the syngas are removed in a gas purifier.
The sensible heat in the syngas is recovered as steam
in the SGC and the heat exchanger in the upper part of
the gasifier. This steam is then supplied to the steam
turbine to improve generation efficiency (see Fig. 1).

Direct quenching cools the high-temperature syngas
at the exit of the gasifier by injecting a water spray.
Direct quenching can reduce gasifier construction
costs because it eliminates the SGC and allows the heat
exchanger in the upper part of the gasifier to be made
smaller. When applied to IGCC, however, the sensible
heat of the syngas cannot be recovered in the SGC and
the heat exchanger in the upper part of the gasifier and
this significantly reduces the net thermal efficiency. In
the case of gasifiers for chemical feedstocks and zero-
emission IGCC, meanwhile, a shift reaction with the
CO in the syngas is used to produce H, and CO,, and
therefore the steam recovered from the SGC and the
heat exchanger in the upper part of the gasifier needs
to be added into the syngas. Direct quenching not
only cools the syngas using a water spray, it also has
the effect of humidifying the syngas®. Direct quench
gasification uses a water spray to cool the gas to
between 350°C and 400°C, after which dust removal is
performed using a char filter, and then a water scrubber
is used to perform halogen removal and further cool
the syngas to between 180°C and 200°C. The ratio of
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Fig. 9—Use of Direct Quenching to Eliminate SGC.
Gasification with direct quenching uses a water spray to cool
the syngas to between 350°C and 400°C. After dust removal by
a char filter, the syngas is then cooled to between 180°C and
200°C in the water scrubber where halogen removal is also
performed.

water (H,O)/carbon monoxide (CO) in the syngas at
the exit of the water scrubber is about 1.2 or more.
Hitachi’s direct quench process has the following
three features.
(1) As the quenched syngas is dry, with a temperature
of between 350°C and 400°C, a char filter can be used
for dust removal.
(2) Halogen removal can be performed in the water
scrubber through the washing effect of the cooling
water.
(3) The humidity needed for the advanced sour shift
catalyst (described below) can be achieved without the
supply of external steam.
Because the process can remove dust and halogens,
it is suitable for use with commercial shift reaction
catalysts and CO, absorption processes (see Fig. 9).

Advanced Sour Shift Catalyst

Zero-emission 1IGCC uses some of the steam
supplied to the steam turbine for a CO shift reaction.
This diminishes the amount of steam that reaches
the steam turbine and reduces the power generation
efficiency in proportion to the amount of CO, captured.
To improve power generation efficiency when
performing CO, capture, it is necessary to carry out the
shift reaction efficiently using a small amount of steam.

Shift catalysts used in the past have had a slow
reaction rate at low temperatures, meaning that higher
temperatures needed to be used to accelerate the
reaction. As the theoretical CO-to-CO, conversion
ratio (theoretical ratio of CO to CO, at equilibrium) in
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the CO shift reaction falls with increasing temperature,
the amount of steam added is increased to boost this
theoretical conversion ratio. This has the result of
reducing the amount of steam available to the steam
turbine and cutting the generation efficiency. In
response, Hitachi has developed a shift catalyst that
has a fast reaction rate at low temperature, and is able
to achieve a CO-to-CO, conversion ratio close to the
theoretical value using a small amount of steam®?,
Laboratory testing has confirmed the ability of this
technology to cut the amount of steam required for the
CO shift reaction by more than 30%. By reducing the
amount of added steam, a CO-to-CO, conversion ratio
of 96% can be achieved for the moisture concentration
of H,O0/CO = 1.2 resulting from the direct quenching
and water scrubber humidification process described
above. Therefore, the need to add steam from the
steam cycle can be eliminated. Compared to using the
previous catalyst, this results in a one point reduction
in the loss of net thermal efficiency for a CO, capture
ratio of 90% (see Fig. 10).

In joint research planned for FY2012, NEDO and
Hitachi, Ltd. will install two small-scale catalyst test
systems, each with a capacity of 50 m® (Normal)/h,
at the EAGLE pilot plant at J-POWER’s Wakamatsu
Research Institute and conduct actual gas trials.
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Fig. 10—Advanced Sour Shift Catalyst.

Hitachi has developed a shift catalyst that achieves a fast
reaction rate at low temperature and a CO — CO, conversion
ratio that is close to the theoretical value while using a small
amount of steam, and has confirmed that steam use can be cut
by approximately 30%.



Low-NOx Combustion Using Cluster Burner

The hydrogen-rich fuel burned in the gas turbine
for zero-emission IGCC is highly reactive, with a
burning rate about seven times that of natural gas,
and requiring only about 1/14th as much energy
for ignition. Because the pre-mixed combustion
technique used with natural gas carries a strong risk
of problems such as ignition occurring in the premixer
(mixing chamber located upstream of the combustion
chamber), or damage to the combustion chamber
due to burn-back from the combustion chamber to
the premixer, its use with hydrogen-rich fuel is very
difficult. While reducing the NOx generated from
diffuse combustion of hydrogen-rich fuel requires the
injection into the flame of a quantity of inert gas equal
or greater than the quantity of fuel to reduce the flame
temperature, the energy required to pressurize the inert
gas reduces the net thermal efficiency.

Hitachi has participated in NEDO’s Zero-emission
Coal-fired Power Generation Project since 2008,
and is developing low-NOx technology for use with
high concentrations of hydrogen in coal gasification
power generation. Low-NOx combustion performance
similar to pre-mixed combustion is achieved by
reducing the space in which fuel and air mix, and by
using a multi-pore coaxial jet burner (cluster burner)
to adjust the jet direction to produce a flame that is
shifted upwards in the combustion chamber space
so that rapid mixing occurs in the space opened up
between this flame and the burner (see Fig. 11).

Replacement of the burner in EAGLE with a
cluster burner, followed by multi-can combustion trials
using actual gas, is planned for FY2012.

CONCLUSIONS

This article has described the results of pilot testing
of EAGLE using an oxygen-blown, two-stage gasifier;
large-scale experimental testing of oxygen-blown
coal gasification drawing on work at EAGLE; and
the development and commercialization of integrated
coal gasification combined cycle (IGCC) technology
with near-zero emissions (very low levels of CO, and
soot emissions).

Hitachi has used EAGLE to verify the reliability of
IGCC through long-term operation, and to establish
technologies for scaling up the gasifier, gas purification,
operation as an electric power generation system, and
CO, separation and capture (chemical absorption).
Hitachi is also drawing on the results of trial operation
of EAGLE to perform the detailed design of the gasifier
and combined cycle power generation equipment for
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- * A raised flame is achieved by
adjusting the angle of swirl.

« Diluted combustion is achieved
by maintaining a distance
between the burner structure
and flame.

Coaxial jet
trajectory

Prevent flame contact by forming a raised flame.

Fig. 11—Features of Cluster Burner.

A diluted gas mixture equivalent to pre-mixed combustion is
formed in the region before the raised flame to achieve low-NOx
combustion.

Air hole

Osaki CoolGen Corporation’s 170-MW-class IGCC
demonstration plant.

In parallel with the 170-MW-class IGCC
demonstration plant, Hitachi is also proceeding with
the commercialization of a gasifier for chemical
feedstocks. By expanding the scope for earning a
return on its investment, Hitachi aims to cut the
construction costs for commercial IGCC plants
and near-zero-emission IGCC. Through the use
of CO, circulation gasification, direct quenching,
and the advanced sour shift catalyst, as well as the
application of cluster burners to gas turbines, Hitachi
is simultaneously cutting the construction costs for
zero-emission IGCC and minimizing the loss of net
thermal efficiency.
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Global Scope of Hitachi’s Power Distribution Systems
Business and its Role in Building Strong Grids
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INTRODUCTION

OVERVIEW: While the electric power distribution market is expected to
continue to grow in pace with the ongoing economic development of emerging
nations, factors such as falling market prices resulting from the entry of
manufacturers from emerging economies and the loss of cost-competitiveness
caused by appreciation of the yen also demand an urgent response. Reacting
to this situation, Hitachi is drawing on its past experience with overseas
manufacturing to expand overseas procurement, reestablish a global supply
chain, and implement monozukuri manufacturing practices with a fresh
approach to process and quality management. In addition to introducing
knockdown production factories in key markets so that activities such as sales,
engineering, and product distribution can be handled in ways that are closely
integrated with the market, Hitachi also aims to establish a global business
model through direct transactions with factories, and to become a major
player in the international power transmission and distribution business.

This article describes Hitachi’s activities in the

AGAINST a background that includes vigorous
economic growth in Asia, in particular, and a need to
make grids stronger to cope with increasing demand
for electric power around the world, the size of the
worldwide electric power distribution market is
forecasted to grow from 6 trillion yen in 2010 to 12
trillion yen in 2020 (see Fig. 1).

Hitachi, meanwhile, faces a situation in which
it urgently needs to respond to a loss of cost-
competitiveness caused by appreciation of the yen and
to falling market prices prompted by the aggressive
entry of emerging contenders, China and South Korea
in particular.

Global market size
(trillion yen)
=
o

2010 2015

(Fiscal year)

2020

Fig. 1—Growth in Size of Electric Power Distribution Market
(Hitachi Estimates).

The global market is forecasted to grow to 12 trillion yen by
2020.

power transmission and distribution business as it
seeks to become a major player in the global market.

PAST ACTIVITIES AND SITUATION

Japan AE Power Systems Corporation was
involved in the power transmission and distribution
business during the period between its establishment
in July 2001 and March 2012, supplying electric
power switchgear such as gas circuit breakers (GCBS)
and gas-insulated switches (GISs), power transformers
and other equipment, and substation systems that used
these devices (see Fig. 2).

Activities Targeting Overseas Business

To date, Hitachi has established overseas operations
in four main markets, with two overseas factories
playing a central role.
(1) Near East and Middle East market

After previously focusing on turnkey business,
primarily in the Kingdom of Saudi Arabia and State
of Kuwait, Hitachi has subsequently expanded its
operations to include standalone sales of GISs, power
transformers, and other equipment, particularly to
countries such as the United Arab Emirates. Prospects
for the future include capital investment backed by oil
money and economic development flowing on from
greater democratization.



©

GCB: gas circuit breaker GIS: gas-insulated switch

Fig. 2—Typical Products of Electric Power Distribution
Business.

The photographs show 550-kV GCBs (a), a 380-kV power
transformer (b), a 245-kV GIS (c), and a 380-kV substation
system in the Kingdom of Saudi Arabia (d).

(2) Chinese market

Business activities include sales of equipment
through technical collaborations with local companies
and a joint-venture company with the State Grid
Corporation of China, and parts sales involving the
supply of main components for equipment from

Unit production factory
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Japan. Demand from the electric power distribution
sector is anticipated to continue growing along with
the expansion of the Chinese economy.
(3) North American market

Hitachi sells GCBs through a local subsidiary.
Ongoing demand is anticipated from the replacement
of aging equipment and investment in stronger grids.
(4) Southeast Asian market

Hitachi operates a maintenance business along with
GIS sales through a sales and engineering office in the
Republic of Singapore and a factory in the Republic
of Indonesia. Growth in demand driven by economic
development is forecasted to continue.
(5) Overseas factories

Plants in Indonesia and China manufacture
parts and components for GIS and GCB products.
The components are first sent to plants in Japan for
assembly and final testing prior to delivery to various
markets.

Market Conditions

Market prices have fallen significantly since 2009,
driven by factors such as the bursting of the Middle
East bubble that followed on from the sub-prime
loan crisis in the USA, and the entry into overseas
markets of emerging manufacturers from countries
such as China and South Korea. Amid a loss of cost-

Knockdown production factory
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Fig. 3—Knockdown Production of GISs.

Production of standard units is centralized at part production factories. Knockdown production factories are used to procure optional

units, assemble finished products, and handle testing and delivery.
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competitiveness caused by appreciation of the yen,
manufacturing practices capable of producing a large
number of models to suit the varying specifications
demanded by different markets or customers have
become a challenge for overseas factories. Also
needed is a shift toward business practices that are
more closely integrated with markets, instead of
operations being based primarily out of Japan, as in
the past.

CONSTRUCTION OF GLOBAL PRODUCTION
SYSTEM
Supply Chain Reconstruction

To overcome the difficulties described above,
Hitachi revised its range of export-market GISs with
the aim of improving productivity to reduce costs
without compromising quality, rationalizing the range
from 33 down to six main models. In addition to
defining the main components not subject to customer-
specific specifications as standard units, the existing
facility at AE Power (Suzhou) EHV Switchgear
Corporation in China was designated a part production
factory and made to specialize in the production of
standard units.

PT. Hitachi Power Systems Indonesia in Southeast
Asia, Hitachi HVB, Inc. in North America, and CET AE
Power (Shandong) High-Voltage Switchgear Co., Ltd.
in China were each designated knockdown production
factories. Based around these plants, Hitachi has

North
America

— I
) HVB
Middle

Fast Southeast

Asia
Republic of
Indonesia HPSI

) Market
B Factory

50

implemented a knockdown system that includes the
manufacture and procurement of components other
than standard units, the customization of products
to specific customer specifications, the assembly of
these along with standard units imported from a part
production factory, and their shipment and testing
(see Fig. 3). This provides each factory with a clear
mission, reduces exchange rate risk through local
production for local supply, and allows technical
support from Japan to be delivered in a focused and
efficient manner.

Regarding the flow of products and contracts
that went through Japanese factories in the past,
improvements to the supply chain to allow direct
dealings between part production factories and
knockdown production factories have made
transactions and the flow of goods more efficient
(see Fig. 4). Furthermore, Hitachi is proceeding with
the implementation and construction of a new global
supply chain in which the Japanese side handles tasks
such as management of each factory, management of
the overall supply chain, and technical guidance and
operational support for each part production factory
and knockdown production factory.

Greater Use of Overseas Procurement

As well as seeking to make its switchgear products
more competitive through reconstruction of the global
supply chain, Hitachi is also aiming to improve the

<+— Product flow

< — = Contract flow
Previous supply chain

Products | . T
ordered Market
from Japan 1
|
Products :
ordered g Overseas SE Local
from overseas Market factory vendor vendor
factory
New supply chain l
HVB, HPSI,and SDC ~ SZC and HPSI (partial)
- Knockdown kg Part production ghaled Local
Market production factory factory vendor
w
Support Support Japanese

SDC: CET AE Power (Shandong) High-Voltage Switchgear Co., Ltd. SZC: AE Power (Suzhou) EHV Switchgear Corporation

HPSI: PT. Hitachi Power Systems Indonesia HVB: Hitachi HVB, Inc.

* SZC and SDC use their company names from prior to Hitachi, Ltd.’s takeover of businesses from Japan AE Power Systems Corporation (as of October 2012).

Fig. 4—Reconstruction of Global Supply Chain for GISs.

Hitachi aims to service key markets from knockdown production factories in China, Indonesia, and USA. In addition to making
transactions more efficient through the construction of new supply chains with direct transactions between knockdown production
factories and part production factories, Hitachi will also provide each factory with support from Japan.
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Fig. 5—Structure Diagram and Benefits of Phase Shifting
Transformers Intended for Overseas Markets.

Phase shifting transformers increase overall power transmission
capacity through the control of power flow in systems with a
loop configuration, and improve reliability and reduce power
loss across entire loop systems.

competitiveness of its power transformers, especially
those intended for export markets, by taking active
steps to use overseas parts and materials without
compromising the high product reliability built up
through past experience. Hitachi also expects to gain
a further increase in orders through the overseas
marketing of high-added-value products that demand
a high level of engineering capabilities, such as the
phase shifting transformers that are one of Hitachi’s
strengths (see Fig. 5).

One example is the use of overseas-made on-
load tap changers, radiators, cores, and other key
power transformer components in phase shifting
transformers intended for overseas markets. Phase
shifting transformers are particularly effective devices
for the efficient operation and stabilization of power
systems. They increase overall power transmission
capacity through the control of power flow in systems
with a loop configuration, and improve reliability and
reduce power loss across entire loop systems.
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As it is anticipated that greater use will be made
of these transformers in the future, both in Japan
and elsewhere, Hitachi is seeking to strengthen its
competitiveness by taking active steps to use overseas
products as well as supporting detailed engineering.

Efficiency Improvement for Overseas
Production Processes

To make the provision of production instructions
to each factory more efficient, maintain consistent
quality, and strengthen management of the global
supply chain, Hitachi is proceeding with improvements
to the production processes that utilize information
technology (IT). In the past, most work instructions and
records at factories have been paper-based. Hitachi is
currently working on introducing the implementation
of work management and navigation systems to GIS,
GCB, and other assembly work. The systems use
tablet personal computers and other mobile devices
for paperless work instructions with three-dimensional
(3D) models of each operation step and the collection
of realtime work records. They facilitate more efficient
provision of technical instruction, training, and quality
management to overseas factories (see Fig. 6). In the
future, it is anticipated that the systems will also be
used for applications such as work at remote sites or
support for working at user sites.

GLOBAL BUSINESS OPERATIONS

In addition to building a global production system,
Hitachi is also taking steps to operate globally with
overseas facilities taking a central role. This includes
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Fig. 6—Structure of Work Management and Navigation System.
The system performs realtime work navigation and recording,
and uses touch-panel PCs to display information that includes
a 3D animation for each action, which tools to use, and control
limits.
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activities that were based in Japan in the past, such
as sales and pre-engineering, as well as on-site work
such as installation, commissioning, and maintenance.

Increasing Number of Local Installation and
Inspection Supervision Staff

It is already Hitachi’s practice at each factory to
use local staff who have received factory training and
certification to work as installation and inspection
engineers. To expand this in the future, Hitachi is
planning to establish site work coordination centers
located close to overseas markets.

These site work coordination centers are located
close to sites, and having them play a central
role allows the timely dispatch of people and
equipment while also cutting the cost of personnel
and transportation. Delicately managed activities
that are closely integrated with the customers are
likely to expand opportunities for business, such as
inspection and maintenance, and increase participation
in business at locations that are difficult to visit from
Japan (due to religious reasons or nationality-related
restrictions on movement, for example).

Globalization of Engineering and Sales

Taking advantage of the fact that knockdown
production factories have close ties to their markets
leads to benefits that include pre-engineering that

ABOUT THE AUTHORS

satisfies specific customer needs and sales activities
that are closely integrated with customers, while
also maintaining an awareness of market trends.
Having individual knockdown production factories
respond to the variety of requirements and equipment
specifications required by different markets and
customers allows for a more efficient and fine-tuned
response than would be possible if everything was
handled from Japan. Hitachi is also moving toward
more global engineering for product production
design, utilizing overseas engineering facilities such
as Hitachi Industrial Machinery Philippines Corp. in
the Republic of the Philippines.

CONCLUSIONS

This article has described Hitachi’s activities in
the power transmission and distribution business as it
seeks to become a major player in the global market.

Drawing on the experience that Japan AE Power
Systems Corporation acquired over approximately
10 years of overseas operations, Hitachi intends
to establish a new global supply chain that takes
advantage of its technology and resources. With the
aim of becoming a major player in the international
power transmission and distribution business, Hitachi
is creating a global business model with an eye to
future markets and other changes in the business
environment.
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Power System Technologies for Reliable Supply of Electric
Power and Wide-area Grids

Hiroo Horii, P.E.jp
Masahiro Yatsu
Takashi Aihara

OVERVIEW: A renewable energy feed-in tariff took effect in Japan in July
2012, and is expected to accelerate the adoption of photovoltaic power
generation and other forms of renewable energy. Due to restrictions in
the building of photovoltaic and wind power plants, there are expected
to be increasing numbers of cases where such plants are built in remote
locations far from the places where large amounts of energy are consumed,
both in Japan and internationally. For this reason, problems related to the
stabilization of power grids between energy production and consumption
locations may grow serious. To deal with this situation, Hitachi is working
towards the realization of power supply stabilization and wide-area
interconnection by pursuing efforts in power system stabilizers, SVCs, energy
storage systems, high voltage DC transmission systems, and other power

grid technologies.

INTRODUCTION

AS electric power systems are reinvented around
the world, the use of renewable energy is expanding
at a rapid pace. Although the objectives of energy
policies differ from country to country, the presence
of renewable energy grows on a daily basis, with
approximately half of the power generation capacity
added in 2011 being from power generation equipment
for use in generating renewable energy®. Photovoltaic
power generation, wind power generation, and other
forms of renewable energy are gaining traction in
Japan as well, with measures such as a renewable
energy feed-in tariff being implemented with the goal
of realizing a low-carbon society.

Photovoltaic and wind power generation is affected
by weather-induced changes in output, lightning
strikes, and other disturbances that can trip the entire
system. In order to secure high-quality electric
power, it is necessary to be able to adjust voltage
and frequency and take measures to maintain the
stability of the power grid. Furthermore, if the power
generation equipment for photovoltaic or wind power
generation is built offshore or in a vast isolated area
far from cities and other energy load centers, power
system stabilization measures will be necessary for
the transmission, distribution, and power grid systems
used to transmit electricity to the energy load centers.

By integrating transmission and distribution
systems and information and communication
technology (ICT), Hitachi aims to achieve strong

grids that offer optimized control and strength in a
power grid, as well as smart grids that offer expanded
consumer services (see Fig. 1).

This article describes Hitachi’s efforts in
contributing to power grid stabilization through
the use of strong grid technology and smart grid
technology.
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Fig. 1—Overview of Strong and Smart Grids.
An overview of a strong grid, which provides optimized control
and strengthening of a power grid using renewable energy, and

a smart grid, which provides expanded consumer services.
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SYSTEM TECHNOLOGIES FOR
IMPLEMENTING STRONG AND SMART
GRIDS

Power System Stabilization Systems

When a transmission line is hit by lightning, or
when some other fault occurs in a power grid, a loss
of voltage can cause a momentary reduction in the
amount of electric power transmitted, and a power
swing will occur after the fault is eliminated. This
phenomenon is called “power grid transient stability.”
If there is a large swing, the disturbance can spread
throughout the entire grid, resulting in a major power
outage. The transmission lines of a power grid are
required to operate within the operational limitations,
and the operational limitations caused by transient
stability are particularly dominant when it comes to
large, long-distance electric power transmission grids.
To deal with this problem, power system stabilizers
can rapidly and optimally shed (isolate) generators
from the grid, thereby removing the operational
limitations caused by transient stability and drastically
improving the total tranasfer capability (TTC).

An “online transient stability control” (online TSC)
system has been put into practical use as a typical
power system stabilizer. This online TSC system is a
grid stability system that combines ICT with advanced
reliability evaluation that is made possible with
calculations based on information such as the power
flow and bus voltage® derived from the power system.
The online TSC consists of a central-TSC and several
remote-TSCs. The central-TSC system incorporates
power grid data, calculating detailed transient stability
in advance by envisioning large numbers of grid faults
(contingency cases) such as lightning strikes. For the
contingency cases that would cause the grid to become
unstable, the system determines which stabilization
countermeasures to take (generator shedding, etc.), and
communicates this information to the remote-TSCs
installed at the substation. If a grid fault actually occurs,
the stabilization control is quickly applied by the remote-
TSC. The system performs the optimized measures for
various network faults autonomously. Also, since the
TTC can be boosted during ordinary operation as well,
this provides greater flexibility in running generators,
making highly economical operation possible.

Another problem facing large, long-distance
electric power transmission grids is that when a fault
occurs in the power grid, countermeasures must
be taken at the same time to deal with both voltage
and frequency, while also dealing with the transient
stability issue. The integrated stability control

system (ISC) integrated power system stabilizer was
developed to solve this problem by adding the ability
to simultaneously deal with transient stability, voltage,
and frequency to an online TSC system®.

The ISC system uses the following functions to
carry out transient stability and voltage fluctuation
countermeasures when a fault occurs that causes no
network splitting:

(1) Generator shedding to maintain transient stability
when a grid fault occurs

(2) Additional generator shedding to prevent a
reduction in transient voltage

(3) Reactive power control with shunt compensators to
prevent voltage fluctuations after generator shedding

Transient stability countermeasures are performed
using these functions after a fault occurs, making it
possible to stabilize the voltage within the target range.

What follows is a description of the processing that
occurs in a master station system using an ISC system
to implement the aforementioned functions (see Fig. 2).

Online data input
(SV, T™M)

® Online data

State estimation and
grid model creation

Selection of equipment
to apply power control to
for maintaining transient

stability

¥

Selection of equipment to

apply power control to for > ‘ ‘ ‘ ‘
preventing voltage loss % % % %

Selection of phase
modifying control
equipment to maintain
voltage after power control

-

‘ Transmission

to slave stations
Control information (30-s cycles)

output to slave stations

System
control
server

~

Analysis servers

SV: super vision TM: telemeter

Fig. 2—System Configuration and Processing Flow of ISC Master
Station System Delivered to Chubu Electric Power Co., Inc.

At the integrated stability control (ISC) system’s master
station, online data is loaded and approximately 100 grid
failure scenarios are considered in order to calculate stability
as well as to execute stabilization countermeasures in areas
such as transient stability and voltage. The results of these
countermeasures are sent to the slave stations in 30-s cycles.
The stability calculations and countermeasure processing
require the capabilities of multiple high-speed blade servers
computing in parallel.



The system control server performs state estimation
using the online data derived from the power grid
to obtain a consistent grid model. Next, the analysis
server runs detailed stability simulations concerning
around 100 different possible grid fault scenarios,
in order to select the optimal equipment to use for
applying stabilization control. Finally, stabilization
control information for each envisioned fault is sent
to the slave stations. Power system stabilization is
performed based on this information when an actual
fault occurs.

In the future, many renewable energy sources
such as photovoltaic and wind power generation
will be connected to the grid. However, stability
control systems with predefined parameters will
have difficulty handling such a grid because of its
many unpredictable factors. Online TSC systems and
ISC systems, in contrast, can minimize these factors
because these systems analyze the network stability
with realtime data derived from the power network.
Also, the power grid must be stabilized in an even
smarter fashion based on the installation to the power
grid of static var compensators (SVCs), storage
batteries, and other such equipment.

SVCs

An SVC is a system that uses power electronics
equipment to control reactive power at high speed.
Although there are a number of different types of
SVCs, thyristor controlled reactors (TCR) and static
synchronous compensators (STATCOM) are typical.

A TCR controls the on and off periods of thyristors
connected in an reverse-parallel fashion, and changes
the average strength of the flowing current in order
to control phase lagging reactive power (see Fig. 3).
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Fig. 3—Schematic of TCR Circuit.

By controlling thyristors, a thyristor controlled reactor (TCR)
changes the average strength of current flowing in a reactor,
thereby controlling phase lagging reactive power.
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Fig. 4—Schematic of STATCOM Circuit.

A static synchronous compensator (STATCOM) is a system
that uses self-commutated conversion equipment comprised

of insulated-gate bipolar transistors (IGBTs) and other
semiconductor devices to control reactive power at high speed.

Phase advanced reactive power is also controllable by
combining with electric power capacitors.

A STATCOM is a device that controls phase
advanced and phase lagging reactive power at high
speed through the amplitude and phase of voltage
outputted by a self-commutated converter that is
comprised of insulated-gate bipolar transistors (IGBT)
and other self-turn-off semiconductor devices (see
Fig. 4).

Since voltage can also be controlled by controlling
reactive power, SVCs play an active role in suppressing
the voltage fluctuations that occur when the output of
renewable energy fluctuates due to changes in the
amount of sunshine or wind conditions, or when load
changes rapidly in an electric furnace. The degree to
which the power grid can operate in a stable manner
without large voltage drops in response to tripped
generators or transmission lines, or sudden increases
in load, is referred to as “voltage stability.” An SVC
is a device that can contribute to improvements in
voltage stability.

In addition to voltage stability, a power grid is also
characterized in terms of “synchronization stability.”
Synchronization stability refers to the degree to which
the power grid can continue to operate by recovering
to a stable state without loss of synchronization in a
running synchronous generator after transmission line
failures or other disturbances occur in the power grid.
Since synchronization stability is mainly related to
active power, and SVCs only control reactive power,
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one might assume that an SVC would be unnecessary.
However, active power between two points is related to
voltage amplitude, and so by controlling voltage with
an SVC, it is also possible to control active power.
Therefore, SVCs also provide an effective means of
improving synchronization stability. Fig. 5 shows
waveforms in an example simulation of the use of
a STATCOM to improve synchronization stability.
In this example, a generator loses synchronization
due to a grid failure with no STATCOM installed. A
STATCOM is then installed on the grid and provides
suitable control, enabling stable operation.

Hitachi has an extensive track record in
manufacturing SVCs. Typical examples are shown
in Table 1. The TCRs delivered to the Noshiro
Thermal Power Station owned by Tohoku Electric
Power Co., Inc. are mainly aimed at providing both
voltage fluctuation, suppression and power swing
suppression, but also contribute to improvements in
synchronization stability®.

The STATCOM delivered to the Hokuriku Electric
Power Company’s Fushiki Substation features
flicker countermeasures. When there is massive
load fluctuation, as can occur with an arc furnace,
electric lamps and other devices can flicker due to
voltage fluctuation. The main purpose of the Fushiki
Substation’s STATCOM is to suppress this flicker®.

Overseas, Hitachi delivered a power distribution
grid STATCOM in 2011 to the major British power
distribution companies Western Power Distribution
(South West) plc and Western Power Distribution
(South Wales) plc (WPD). This STATCOM is being
used by the smart grid demonstration experiment
carried out by WPD as a part of the low-carbon
network projects promoted by the UK’s energy
regulator. The main purpose of this STATCOM is to
suppress the voltage changes caused by renewable
energy, which is known for its instability, thereby
continuously providing the power grid with stable
electric power. As a future step, there are plans to add
three similar STATCOM s in a test of a distribution
grid voltage control system.

Energy Storage Systems

Hitachi provides energy storage systems as energy
storage solutions for a wide range of purposes, such
as peak-shifting of electric power, and power system
stabilization for when wind or photovoltaic power
generation is introduced. Electric power utilities
stipulate grid interconnection requirements for power
fluctuation levels separately in order to stabilize the
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Fig. 5—Improving Synchronization Stability with STATCOM.
This simulation example shows how grid operations can be
made stable by installing a STATCOM for appropriate control.

TasLe 1. Examples of Major SVCs Manufactured by Hitachi
This table shows the rated capacity and major purpose behind
the TCR delivered to the Noshiro Thermal Power Station owned
by Tohoku Electric Power Co., Inc. and the STATCOM delivered
to the Fushiki Substation owned by the Hokuriku Electric Power
Company.

Rated Year Major
capacity SE0 delivered  purpose
Noshiro Thermal Power swing
Power Station OB e Lekr suppression
Fushiki Flicker
Substation AThNE | S Al suppression

power system when large amounts of renewable energy
are introduced. Energy storage systems are provided
as power fluctuation alleviation solutions to meet
these requirements, and are comprised of lead-acid
batteries with an expected life of 17 years (LL1500-W
model), power conditioning systems (PCS), and the
control equipment necessary to operate the systems in
an optimal fashion. This control equipment monitors
the state of power fluctuation of renewable energy,
as well as the charging state of storage batteries, and



directs storage batteries to charge or discharge in order
to alleviate power fluctuations. The PCS converts the
DC electric power to AC, and AC to DC. For wind
farm projects, it is important to choose an adequate
battery capacity in terms of cost. In one example,
Hitachi developed an energy storage system for the
Shiura Wind Farm owned by Kuroshio Wind Power
Plant Inc., which began operations in February 2010
(commercialized by Hitachi Engineering & Services
Co., Ltd., Goshogawara City, Aomori Prefecture). For
this project Hitachi determined the minimum battery
capacity needed to satisfy the grid code requirements
by analyzing the fluctuation characteristics of the total
generation output of the wind farm®(see Fig. 6).

As an example of Hitachi’s power system
stabilization solutions including energy storage systems
being deployed overseas, the New Energy and Industrial
Technology Development Organization (NEDO) has
commissioned the Japan-U.S. Collaborative Smart
Grid Project in Los Alamos, New Mexico, USA,
which includes a LL1500-W model lead-acid battery
system, a 500-kVA PCS for storage batteries, a
500-kVA PCS for photovoltaic power generation, and
amorphous transformers. The PCS is a hybrid type that
includes two circuits of DC/DC converters that can be
connected to storage batteries and photovoltaic cells.
This demonstration project involves the construction

l 33-kV 50-Hz power grid

17 MW System
33 kV/22 kV output
Wind turbine output Battery output
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%

Wind turbine
output control

Charging/
discharging
control

15.44-MW
wind power generation system
(8 x 1.93-MW units)

Power fluctuation alleviation system
(Lead-acid batteries: 1, 500 Ah x 288 x 12 groups
PCS: 6 x 750-kVA units)

WEFC: wind farm controller PCS: power conditioning system

G: generator
Fig. 6—Shiura Wind Farm System Configuration.
The Shiura plant is a large wind power plant comprised of
long-lived lead-acid batteries, PCS, and control equipment as a
solution to alleviate power fluctuations.
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Fig. 7—Lead-acid Battery System Installed in Los Alamos
County, New Mexico, USA.

The lead-acid battery system installed in a Japan-U.S. Smart
Grid Collaborative Demonstration Project in Los Alamos
County, New Mexico.

of a system that is interconnected with the distribution
line, and is currently engaging in a demonstration
study into the effectiveness of suppressing short-term
output fluctuations in photovoltaic power generation
through the charging and discharging of lead-acid
batteries (see Fig. 7).

With the introduction of renewable energy to
remote islands and other isolated grids, the importance
of microgrids using energy storage systems is on the
rise. The battery system for remote islands stores
energy from renewable resources during times of light
load, and performs frequency control to minimize
the use of diesel engine generators and to reduce
the fluctuations caused by use of renewable energy.
The Okinawa Electric Power Co., Inc.’s Yonaguni
wind power plant is comprised of wind generators
(two 600-kW units), diesel generators (generating
a total of 2,650 kW), and lead-acid batteries (200
cells at 1,000 Ah each) (commercialized by Hitachi
Engineering & Services Co., Ltd.). The results of
operation at the Yonaguni wind farm are shown in
Fig. 8.

High Voltage DC Transmission System (HVDC)

Europe is considering a concept by which electric
power is generated in the deserts of the Middle
East and North Africa where natural conditions
and installation conditions are ideal, using solar
thermal, photovoltaic, and wind power generation and
transmitting it to electric power load centers in Europe
and elsewhere using a direct current transmission
system called a “super grid”. High-voltage direct
current transmission systems (HVDC) are a key
technology for building this super grid.

Japan currently has 2,000 MW of HVDC capacity,
1,200 MW of frequency conversion, and 300 MW
of back-to-back (BTB) connections. Hitachi has
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Fig. 8—Results of Yonaguni Wind Farm Operations.

Output and frequency are shown for wind generators, diesel
generators, and lead-acid batteries. When wind power
generation output decreases, the grid frequency is stabilized
through control of system output (wind power generation and
lead-acid batteries) based on the charging and discharging of
lead-acid batteries, as well as the automatic startup of diesel
generators.

participated in all these direct current projects. HYDC
offers the following three benefits:
(1) Advantageous for cable transmission because
the charging current does not flow, and there is no
dielectric loss
(2) Advantageous for long-distance transmission
because there are no voltage drops due to inductance
(3) Power flow control is possible within the range of
system capacity

HVDC is configured to operate with two AC/
DC converters, one of which is a rectifier (AC power
to DC power), and one of which is an inverter (DC
power to AC power), with direct current used to
transmit between the two. An overview of an HVDC
configuration is shown in Fig. 9, along with the exterior
of the Kii-Channel HVDC converter station. The
converter is configured with a combination of power
semiconductor devices (thyristors, IGBTS, and so on).
A single combination unit is referred to as an “arm,”
and electric power conversion is performed by moving
current from one arm to another (commutation). There
are two major types of converters, as described below:
(1) Converters configured with power semiconductor
devices (thyristors) that require transit current to be set
to zero when they are off (line-commutated)
(2) Converters configured with power semiconductor
devices (such as IGBTS) that can be switched on or
off at any time (self-commutated)

Transmission direction (reverse also possible)
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Fig. 9—HVDC Configuration Overview and Kii Channel HYDC
Converter Station.

High voltage direct current (HVDC) operational values are DC +250
kV and 1,400 MW, and some equipment is designed to operate at
DC=+500 kV and 2,800 MW with future expansion in mind. Note that
the configuration overview omits circuit breakers, arresters, grounding
switches, filters, and so on.

Recently, there has been growing demand for
self-commutated converters. Self-commutated
converters can contribute even further to power system
stabilization, and development is heading in this
direction at present.

As a concrete example of HVYDC being used to
achieve power system stabilization, Hitachi participated
in the development of a Kii-Channel HVDC facility to
interconnect Honshu (The Kansai Electric Power Co.,
Inc.’s Kihoku converter station) and Shikoku (the
Shikoku Electric Power Co., Inc.’s Anan converter
station). This system has power modulation (PM)
functions for the purpose of controlling the suppression
of power swings in the alternating current grid.

A brief explanation of the PM system follows®.

When a grid failure or some other disturbance
occurs, the power balance is lost between the engine
and turbine input of the generators connected to the
grid and the output, with power swings caused by
fluctuations in the rotation of the generator. The PM
correctly controls the HVDC when this happens in
order to suppress power swings. An example of a two-
unit parallel AC/DC system model is shown in Fig. 10.
The DC power transmitted by the HVDC in this
figure has had AP transformed. This is equivalent to
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Fig. 10—AC/DC Parallel Two-unit System Model.

This figure shows an example of a two-unit parallel AC/DC
system model. Power modulation (PM) suppresses power swings
by controlling the HVDC.

sending active power AP, from bus B2 to bus B1. A
component of this AP, determined by the impedance
ratio, is drawn from generator G2 and sent to G1. By
matching the active power output fluctuation phase
given to the generator here with the phase of the
angular velocity fluctuation Aw of the generator, it is
possible to make the active power output fluctuations
given to the generator act as a damping torque. This
damping torque suppresses the generator’s angular
velocity fluctuation, which in turn suppresses the
power swing. To apply this sort of control, it is
necessary to detect the generator’s Am and incorporate
it into the HVYDC’s control system. Although various
types of methods have been developed for detecting
Aw, the Kii-Channel HVDC uses a method for
detecting the grid frequency fluctuation Af, which
fluctuates in the same phase as Aw.

As described above, HVDC is a system that can
greatly contribute to the strength of grid stability. In
the future, Hitachi plans on taking the knowledge it
has accumulated in successfully developing HVDC
systems in Japan and participating in direct current
transmission projects overseas as well, as the need
for this sort of system increases due to the adoption
of renewable energy sources.

CONCLUSIONS

This article described Hitachi’s efforts in strong
and smart grid technologies that can contribute to the
stabilization of power grids.

In addition to the technologies described here,
Hitachi also participates in a wide range of power grid
stabilization projects both in Japan and internationally,
and is promoting the development of technologies
as well as the construction of systems. Hitachi will
continue developing technologies that can contribute
to the realization of strong and smart grids worldwide.

)
O]

©)

(4)

(6)

U]

ABOUT THE AUTHORS

Hitachi Review Vol. 62 (2013), No. 1 59

REFERENCES
UNEP News Centre, http://www.unep.org/newscentre/
Y. Kokai et al., “Power System Stability Solutions for Low-
carbon Society,” Hitachi Review 60, pp. 132-137 (Jun. 2011).
Y. Murata et al., “Development of New Power System
Stabilizers and Verification Technology Using RTDS,” 2011
Annual Conference of Power and Energy Society, The Institute
of Electrical Engineers of Japan (Aug. 2011) in Japanese.
K. Sakano et al., “Static Var Compensator for Power System
Stability,” Hitachi Hyoron 76, pp. 873-878 (Dec. 1994) in
Japanese.
T. Kato et al., “Development of a 20-MVA STATCOM for
Flicker Suppression” Hitachi Review 56, pp. 133-137 (Nov.
2007).
K. Gomi et al., “System Stabilization Technology through
Power Storage Approach for Power Network with Renewable
Energies,” Hitachi Hyoron 92, pp. 234-237 (Mar. 2010) in
Japanese.
K. Tomiyama et al., “Power Swing Damping Control by
HVDC Power Modulation in AC/DC Hybrid Transmission
System,” The Transactions of The Institute of Electrical
Engineers of Japan, B, Power and Energy Society 117, No. 7
(Jun. 1997) in Japanese.

Hiroo Horii, PE.Jp

Joined Hitachi, Ltd. in 2004, and now works at

the Power Systems Engineering Department,
Infrastructure Systems Business Management
Division, Infrastructure Systems Company / Power
System Information & Controls Department,
Transmission & Distribution Systems Division, Power
Systems Company. He is currently engaged in the
coordination of power transmission and distribution
system businesses. Mr. Horii is a member of The
Institute of Electrical Engineers of Japan (IEEJ).

Masahiro Yatsu

Joined Hitachi, Ltd. in 1990, and now works at

the Power Systems Engineering Department,
Infrastructure Systems Business Management
Division, Infrastructure Systems Company. He

is currently engaged in the system design and
development of power system stabilizers. Mr. Yatsu is
a member of the IEEJ.

Takashi Aihara

Joined Hitachi, Ltd. in 1992, and now works

at the Power System Protection Automation &
Solution Center, Power Generation Plant & Power
Grid Control Systems Engineering Department,
Infrastructure Systems Business Management
Division, Infrastructure Systems Company. He is
currently engaged in the analysis of power systems
and the development of control systems. Mr. Aihara is
a member of the IEEJ and the IEEE.



Hitachi Review Vol. 62 (2013), No. 1 60

Development of 2-MW Downwind Wind Power Generation

System
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OVERVIEW: Renewable energy is being introduced throughout the world.
Installation of wind power generation systems in particular is anticipated
to expand further in Japan, driven by factors such as the ability to install in
mountainous terrain and the prospect of offshore wind farms, and also by
the introduction of feed in tariffs in July 2012. Hitachi, Ltd. and Fuji Heavy

Industries Ltd. have already jointly developed a 2-MW downwind wind power
generation system®- @, By combining the two companies’ downwind turbine
technologies with Hitachi’s existing technologies for power control, Hitachi
has established the capabilities to deliver total solutions that extend from
generation to systems for the supply of stable electric power.

INTRODUCTION

ATTENTION has been drawn to renewable energy
in recent years against a background of growing
international awareness of the environment, and
growth is anticipated in the market for wind power
generation. The Global Wind Report 2011 of the
Global Wind Energy Council (GWEC) stated that
the world’s total installed capacity had reached
237,669 MW in 2011, an approximate 20% increase
over the previous year. Along with this growth has
come progress on making wind turbines larger, most
notably in the case of offshore wind turbines.

Most large wind turbines use the upwind
configuration whereby the rotor is located on the
upwind side of the tower. Downwind turbines, with
the rotor located on the downwind side, meanwhile,
are a promising technology for reasons that include the
performance advantages they offer in complex terrain.

Wind
direction
Hub

Hub
R Nacelle
80m

Fig. 1—2-MW Downwind Turbine.
The downwind turbine design has the rotor on the downwind
side of the tower.

As a result of the merger of wind power generation
system businesses with Fuji Heavy Industries Ltd.,
Hitachi has adopted the downwind turbine developed
by Fuji Heavy Industries Ltd.

This article describes the specifications and
technical characteristics of the 2-MW downwind
wind power generation system, which is able to cope
with difficult conditions such as typhoons or complex
terrain.

SPECIFICATIONS OF WIND POWER
GENERATION SYSTEM

Fig. 1 shows an overview of the 2-MW downwind
turbine and Table 1 lists the main specifications of the
wind power generation system.

DOWNWIND TURBINE TECHNOLOGY
Generation Output in Complex Terrain

The downwind rotor is given a negative tilt angle
to maintain clearance between the rotor and tower (see

TasLe 1. Main Specifications of Wind Power Generation System
The table lists the main specifications of the 2-MW downwind
wind power generation system.

Rotor diameter 80m
Hub height 80 m/60 m
Rated output 2,000 kW
Rated wind speed 13 m/s
Operating wind speed 4-25m/s
Tilt angle —8°

Variable speed/pitch control

Active yaw (when generating power)
Free yaw (when idling in strong wind)

Type of power control

Yaw control
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Fig. 2—Relationship between Downwind Rotor and Wind
Inclination.

Power generation increases because of the smaller angle
between the rotor shaft and wind inclination.

Fig. 2). As this reduces the angle between the rotor
shaft and wind inclination, it increases the amount of
power generated®,

The equation based on momentum theory shown
in the figure is used to allow for the effect of the
inclination on the power curve®.

The capacity factor over the course of a year
was calculated for a wind farm in complex terrain.
Fig. 3 shows a graph of wind speed plotted against
inclination.

The capacity factor was calculated for a downwind
turbine and an upwind turbine with the same power
curve (tilt angle +5°, coning angle 0°) (see Fig. 4). The
calculation results indicated that the downwind turbine
has a capacity factor (generated energy) approximately
7% higher than the upwind turbine.

Nacelle Yaw Measurement for Complex Terrain

A yaw sensor (wind vane) is located on top of the
nacelle to control its orientation during generation
(yaw control). Whereas the nacelle yaw sensors on
upwind turbines are strongly affected by the rotor
and nacelle, very little of this interference occurs on
a downwind turbine (see Fig. 5).

Fig. 6 shows an example calculated using
computational fluid dynamics (CFD). On the upwind
turbine, interference from the nacelle and rotor upwind
of the yaw sensor significantly deflects the air flow at
the sensor position. The downwind turbine, in contrast,
experiences very little of this interference. This means
that downwind turbines are capable of more accurate
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Fig. 3—Model of Complex Terrain.

The graph (b) plots the wind speed and inclination for the model
terrain (a). Each point represents a particular timing (at 6-hour
intervals) for one of the wind turbines.
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Fig. 4—Annual Average Wind Speed and Capacity Factor.
The capacity factor (generated energy) for the downwind
turbine is approximately 7% higher than for the upwind turbine.
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Fig. 5—Positional Relationship between Wind Inclination and
Yaw Sensor.

On a downwind turbine, the rotor and nacelle do not
significantly interfere with the nacelle yaw sensor.

yaw measurement in complex terrains, the benefits
of which include a higher capacity factor (generated
energy) and less fatigue damage®.
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CFD: computational fluid dynamics

Fig. 6—Streamline Around Nacelle Yaw Sensor Calculated
Using CFD (Wind Inclination: 16°, Yaw Angle: 16°).

Very little interference due to the rotor and nacelle occur on a
downwind turbine.

10-min average, sea wind: 3,737 points,
land wind: 3,164 points
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Fig. 7—Comparison of Turbulence Intensity Measurements from
Mast and from Nacelle (Corrected).

The estimates from the nacelle wind vane are in good agreement
with measurements from a meteorological mast.

Nacelle Wind Vane

Accurate measurements of turbulence intensity
are required because of the strong affect it has
during generation on factors such as turbine output
and fatigue load. Because the nacelle wind vane on
the 2-MW downwind turbine is located upwind of
the nacelle and rotor, it is possible to estimate the
turbulence intensity by adjusting appropriately for
tower vibration®. Fig. 7 shows measurements from a
meteorological mast and the estimates from the nacelle
wind vane. The results indicate good agreement for
factors such as the effect of wind speed and the amount
of turbulence intensity for land and sea winds.

* GH Bladed is a product name of Garrad Hassan & Partners Ltd.

Development of 2-MW Downwind Wind Power Generation System ©62

VVY
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Fig. 8—Free Yaw.

With a downwind turbine, the rotor can be allowed to orient
itself freely in the wind like a weathervane.

Free Yaw (ldling in Strong Wind)

Free yaw is a nacelle control method in which the
rotor is allowed to orient itself freely in the wind like
a weathervane (see Fig. 8). The ability to use it is one
of the advantages of a downwind turbine. In Japan in
particular, it is also a useful technique for reducing the
load on the turbine during strong winds. The 2-MW
downwind turbine uses free yaw control when idling
in strong wind conditions.

Fig. 9 shows simulation results produced using
the GH Bladed* aero-elastic simulation software for
wind power systems®. The simulation calculates the
nacelle orientation over a 300-s time period during
which the wind speed fluctuates about an average of
50 m/s and the wind direction changes from 0° to 90°.
This confirms that use of free yaw control allows the
nacelle to keep up with the changes in wind direction.
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Fig. 9—Wind Speed and Direction and Nacelle Orientation
(Free Yaw).

Use of free yaw control allows the nacelle to follow changes in

wind direction.
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Fig. 10—CFD Analysis of Blade Passing through Tower Wake.
This simulation result shows a CFD analysis used during
development that considers the aerodynamic interference that
the blade imposes on the tower shadow.

Tower Shadow Model

Because the rotor on a downwind turbine rotates on
the downwind side of the tower, the blades pass through
the wake of the tower once every revolution. The
resulting aerodynamic interference between the tower
wake and rotor is called the “tower shadow effect.”
As the tower shadow influences fatigue damage on a
downwind turbine, an accurate calculation is required.
However, the previous tower shadow model was based
on the profile of the wake of an isolated tower, modeled
by CFD and wind-tunnel tests, using this result as the
air flow through which the rotor passed. What it didn’t
do was consider the aerodynamic interaction between
the tower and the blades.

Accordingly, when developing the 2-MW
downwind turbine, a simulation that combined CFD
with blade element and momentum theory (BEM)
was used to devise a load equivalent model that
took account of this interference (see Fig. 10). The
validity of the model was verified by comparing the
amount of bending of the main rotor shaft during
operational tests (see Fig. 11). It was also found that
the previous isolated tower model had overestimated
the tower shadow, so it was possible to develop the
2-MW downwind turbine with an acceptable level of
load®: ©,

CONCLUSIONS

This article has described the specifications and
technical characteristics of the 2-MW downwind
wind power generation system, which is able to cope
with difficult conditions such as typhoons or complex
terrain.
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Fig. 11—Bending of Main Shaft Relative to Azimuth Angle
(Wind Speed: 13 m/s).
The validity of the load equivalent model was verified by a
comparison of main rotor shaft bending during operational
testing.

The merger of wind power generation system
businesses has facilitated the integration of the
downwind turbine technology with Hitachi’s existing
technologies for power control, grid connection, and
power system stabilization. In the future, Hitachi
intends to continue to work toward the supply of total
solutions that extend from generation to systems for
the supply of stable electric power.
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Highly Efficient Power Conditioning System for Large
Photovoltaic Generation Systems
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OVERVIEW: Installation of photovoltaic power generation systems is
accelerating around the world, driven by factors such as the introduction
of feed in tariff schemes for renewable energy. Photovoltaic power is
characterized by long periods of time during which equipment is operating
under partial load, and inverters play an important role in ensuring
generation efficiency and power system stability. Hitachi has released a new
generation of PCSs based on three-level PWM inverters that are designed to
be more efficient than past models. Hitachi intends to contribute to the wider
adoption of photovoltaic power generation systems with the objective of
increasing annual power generation, and with a view to developing systems

with excellent long-term reliability.

INTRODUCTION

TO help reduce emissions of carbon dioxide (CO,),
countries around the world have been taking advantage
in recent years of renewable energy sources such as
photovoltaic and wind power, which do not use fossil
fuel and produce no CO, in the generation process.

In June 2008, the Japanese government announced
a target of installing 14,000 MW of photovoltaic
power generation capacity by 2020. The target was
subsequently raised to 28,000 MW. In response,
the Federation of Electric Power Companies has
announced a “Mega Solar Power Generation Plan”
that aims to install large photovoltaic power plants
at about 30 sites around Japan with a total capacity
of approximately 140 MW, and has commenced
construction and operation of these megasolar power
plants.

Also, in response to the “Act on Special Measures
Concerning Procurement of Renewable Electric
Energy by Operators of Electric Utilities” passed
in August 2011, a rapid expansion has taken place
in plans for the installation of photovoltaic power
plants under the feed in tariff scheme that started in
July 2012, with construction of large power plants
currently underway in various parts of the country
(see Fig. 1).

Meanwhile, construction of photovoltaic power
generation systems is also proceeding overseas where
similar schemes have been introduced, particularly in
sun belt countries including those in the Middle East
and Asia. Hitachi has developed a next-generation
power conditioning system (PCS) that helps maximize

the amount of annual power generation based on its
experience and past success as a system integrator
for the construction of megasolar systems in Japan
where its role extended from equipment design to
commissioning. As part of its global strategy, Hitachi
is also proceeding with plans to manufacture its PCSs
in overseas markets as well as in Japan.

This article describes two new PCS models that
Hitachi has developed and commercialized for large
photovoltaic power generation systems.

OVERVIEW OF PHOTOVOLTAIC POWER
GENERATION

Photovoltaic power generation systems use the rays
of the sun as a source of electric power. Accordingly,

Fig. 1—Large Photovoltaic Generation System (Ibaraki
Prefectural Public Enterprise Bureau).

The construction and operation of large photovoltaic power
plants commenced in Japan due to the introduction of a feed in
tariff scheme and an expansion in its adoption. The construction
of photovoltaic power generation systems is also proceeding in
places such as the Middle East and Asia that experience high
solar radiation intensity, where similar schemes have been
adopted.
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the amount of power generated is strongly influenced
by the weather conditions that determine how much
sunlight gets through.

Solar Radiation Intensity and Power Output

The power output of a photovoltaic panel is
normally rated based on a solar radiation intensity
of 1 kwW/m? falling on a panel at a temperature of
25°C. Because the angle of incidence of sunlight
varies depending on the season and the time of day,
the power generated from a panel on a fixed platform
typically starts to increase from dawn, peaks when the
sun reaches its zenith for the day, and then decreases
again toward sunset.

Accordingly, photovoltaic panels only generate
their rated maximum output around noon and during
that part of the year when sunlight is strong and the
temperature comparatively low. Therefore, power
plant equipment such as photovoltaic panels, PCSs,
and step-up transformers operate at partial loads of
between 20% and 80% of their rated capacity for
significant periods of time. This makes it essential that
the equipment be able to generate power with high
efficiency even under partial load.
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Fig. 2—PCS for Photovoltaic Power Generation System.
A PCS is an inverter connected to the electric power grid that
converts the DC electric power generated by the photovoltaic
panels to AC.

Role of PCS

A PCS is an inverter connected to the electric
power grid that converts the direct current (DC) from
the photovoltaic panel into alternating current (AC)
(see Fig. 2). A feature of photovoltaic panels is that
the current they generate varies depending on factors
such as the level of sunlight and the voltage across
their terminals. Therefore, the output power (the
product of the current and the voltage across their
terminals) depends on these same factors. The PCS
is equipped with a maximum power point tracking
(MPPT) function that improves the efficiency of power
generation by optimizing the voltage across the panel
terminals to maximize the generated power based on
the level of sunlight.

Large-capacity PCSs for megasolar power
generation systems also require functions for power
system stabilization. Working through demonstrations
and other projects run by the New Energy and Industrial
Technology Development Organization (NEDO),
Hitachi has already developed and implemented
functions that include minimizing grid voltage
fluctuations, maintaining operation during short-
duration voltage drops, and suppression of harmonics.

FEATURES OF NEW TYPE OF PCS

Hitachi already markets PCSs in Japan and other
countries. The inverters in these PCSs use two-level
pulse width modulation (PWM) and achieve small
size and high efficiency through features that include a
transformer-less configuration and high output voltage
(400 V). Responding to recent market growth, Hitachi
has now developed and commercialized a new type of
PCS designed for even higher efficiency.

Use of Three-level PWM Inverter

Conventionally, three-level PWM inverters
have only been used in applications that require
the suppression of harmonics or a higher converter
voltage, such as in railway rolling stock or large motor
drives. However, with insulated-gate bipolar transistor
(IGBT) modules for three-level inverters in the 600 to
1,200-V class having become commercially available
in recent years, thereby allowing three-level inverters
to be implemented without requiring a significant
increase in the component count, Hitachi has gone
ahead with the commercialization of next-generation
PCSs that use this method to improve conversion
efficiency further (see Fig. 3).

The anticipated benefits of using three-level PWM
inverters include lower switching loss, the ability
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Fig. 3—Comparison of Two-level and Three-level Inverter Operation.
Because a three-level inverter generates a pulse width modulation (PWM) waveform that more closely approximates a sine wave, a

smaller AC filter can be used than on a two-level inverter.

to use smaller and lighter filter reactors with lower
losses, less high-frequency electrical noise, and quieter
operation. The lower losses make a major contribution
to increasing annual power output.

Features of PCS for Overseas Markets

The PCS for overseas markets was developed to
have a maximum input voltage of 1,000 V and went on
sale in FY2012. Its three-level, transformer-less PWM
inverter provides a maximum conversion efficiency of
98.7%, giving it world-leading performance for a PCS
in its class™ (see Fig. 4).

Fig. 5 compares the efficiencies of the new and
previous PCSs, and Table 1 lists the main specifications
of the PCS for overseas markets. Featuring superior
efficiency across the entire operating range, including
operation under partial load, the new PCS is smaller
and lighter as well as delivering higher output from
low to high levels of solar radiation.

* PCSs for large photovoltaic power generation systems in the 500-kW
class. Based on Hitachi, Ltd. research as of October 2012.

Highly efficient three-level inverter

(98.7% maximum device efficiency)

Photovoltaic panel

Inierter Grid

Y 575 kVA

550 KW
= =

Control circuit

Fig. 4—Simplified PCS Wiring Diagram (PCS for Overseas
Markets).

This model uses a three-level, transformer-less PWM inverter to
achieve a maximum conversion efficiency of 98.7%.

An expansion in use of 1,000-V systems is
anticipated in Japan as a result of changes to
regulations, and Hitachi also intends to utilize the new
PCS in these systems.
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Fig. 5—Comparison of Conversion Efficiency for New and Old
PCSs (Overseas Models).

This comparison shows the conversion efficiencies of the old
and new PCSs.

TasLe 1. Main Specifications of PCS for Overseas Markets
The table lists the maximum output and other key specifications
of the PCS for overseas markets.

Maximum output 550 kW/575 kVA

Maximum DC input voltage 1,000 V
DC voltage range DC450 to 900 V
Rated AC output voltage AC300 V (+10%)
Rated frequency 50/60 Hz (+2%)
98.7% max.

Conversion efficiency (DC450 V, AC300 V, PF = 1.0)

1,400 (width) x 1,000 (depth) x
1,900 (height) mm

1,350 kg

Dimensions

Weight

PF: power factor



Highly Efficient Power Conditioning System for Large Photovoltaic Generation Systems 68

Features of PCS for Japanese Market

PCS for the Japanese market combines a
transformer-less, three-level PWM inverter with a
step-up chopper input circuit that enables MPPT
control to be performed over a wide range of voltages
(DC230 V to 600 V). It features enhanced conversion
efficiency in the DC400 V to 500 V range (see Fig. 6).
The step-up chopper consists of two circuits, each of
which has an input capacity of 250 kW and supports
MPPT operation.

Fig. 7 compares the efficiencies of the new
and previous PCSs, and Table 2 lists the main
specifications of the PCS for the Japanese Market.

This product range includes an outdoor package
suitable for large photovoltaic power plants (see
Fig. 8). The ability to deliver the outdoor package
to the installation site with two PCSs already fitted
helps shorten installation time because it means that
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(MPPT control can be used
between 230 V and 600 V DC).

MPPT: maximum power point tracking

Fig. 6—Simplified PCS Wiring Diagram (PCS for the Japanese
Market).

This model can use MPPT control over a wide range of voltages
and features improved efficiency between 400 V and 500 V DC.
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Fig. 7—Comparison of Conversion Efficiency for New and Old
PCSs (Japan Models).

This comparison shows the conversion efficiencies of the old
and new PCSs.

on-site setup work can be performed efficiently. The
outdoor package isolates the PCSs from the external
atmosphere and ensures that the PCSs operate reliably
by using multiple air conditioning units to perform
efficient internal cooling.

CONCLUSIONS

This article has described two new PCS models that
Hitachi has developed and commercialized for large
photovoltaic power generation systems.

Hitachi is developing a variety of renewable energy
technologies based on its experience and past success
in a wide range of fields, including power electronics
and system control technology.

Regarding PCSs for large photovoltaic power
generation systems, Hitachi has been involved in the
development of PCSs with high efficiency and large
capacity from an early stage, including participation
as a sub-contractor to NTT Facilities, Inc. in the
NEDO-sponsored “Verification of Grid Stabilization
with Large-scale PV Power Generation Systems”
project, and the PCS products described in this article
represent the culmination of the work conducted to
date.

TasLe 2. Main Specifications of PCS for the Japanese Market
The table lists the maximum output and other key specifications
of the PCS for the Japanese market.

Maximum output
Maximum DC input voltage
DC voltage range
Rated AC output voltage
Rated frequency

Conversion efficiency

Dimensions

Weight

=N
E uiﬂgyﬁ;
:HI ]
i i
(L] § l

Fig. 8—PCS Outdoor Package.

The product range includes
large photovoltaic power pl

500 KW/525 KVA
660 V
DC230 to 600 V
AC420 /440 V/ (+10%)
50/60 Hz (+2%)

98% max.
(DC500 V, AC420 V, PF = 1.0)

1,200 (width) x 1,000 (depth) x
1,900 (height) mm

1,600 kg

Lo

an outdoor package suitable for
ants.



In addition to conversion efficiency, long-term
system reliability has also become an extremely
important consideration for the large photovoltaic
power generation systems that are anticipated to
become more widely used in the future. This is to
ensure that electric power can be generated reliably
over long periods of time in combination with a diverse
variety of different photovoltaic panels. Hitachi intends
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to draw on the technologies and experience that it has
built up in grid interconnection and renewable energy
to work toward the wider adoption of systems with
excellent long-term reliability. Hitachi also intends to
contribute to the spread of smart grids through highly
flexible systems that combine photovoltaic power
generation systems with microgrids, energy storage
systems, and other technologies.
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Hitachi’s Involvement in Use of Nuclear Power Generation

to Resolve Energy Issues
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OVERVIEW: Despite significant changes in the status of nuclear power
generation around the world since the accident at the Fukushima Daiichi
Nuclear Power Station of Tokyo Electric Power Co., Inc., considerations

such as global environmental problems and energy security mean that many

Mizuki lgarashi

countries still have plans to introduce nuclear power under study or in

progress. Regarding the adoption of nuclear power generation by countries
that are pursuing the peaceful use of nuclear energy, Hitachi is collaborating
with its BWR technology partner, GE-Hitachi Nuclear Energy Americas LLC,
to make further safety improvements and to work toward resolving global

energy issues.

INTRODUCTION

WHEN the future of nuclear power is considered,
factors such as the shale gas (unconventional natural
gas) revolution in the USA and changes in policy
by national governments after the accident at the
Fukushima Daiichi Nuclear Power Station mean that
circumstances have changed significantly from the
“nuclear renaissance” that people spoke of only a
few years ago. Nevertheless, highly economic nuclear
power has a contribution to make to society and still
retains an important role as a way of overcoming
global challenges such as global environmental
problems and energy security. Keeping in mind the
opportunity to enhance safety further by learning from
the accident, those countries that have a policy for
utilizing nuclear power are proceeding with plans for
new nuclear power plants, and are pressing ahead with
their implementation. Meanwhile, human resource
development is a critical issue for those countries with
plans to introduce nuclear power generation for the
first time, and there is a need for cooperation through
international aid.

This article describes Hitachi’s involvement in the
nuclear power business in major markets, focusing
in particular on the activities of Hitachi-GE Nuclear
Energy, Ltd. (HGNE).

ACTIVITIES IN REPUBLIC OF LITHUANIA
The Republic of Lithuania operated two nuclear
reactors at the Ignalina Nuclear Power Plant built
when the nation was still part of the Soviet Union,
and was an exporter of electricity with nuclear power
accounting for approximately 80% of its total power

generation. However, because the Ignalina power
plant used the same light-water-cooled, graphite-
moderated reactors as the Chernobyl Nuclear Power
Plant, Unit 1 was shutdown in late 2004 and Unit 2 in
late 2009 as part of the terms of the nation’s accession
to the European Union (EU), and the reactors are

0 30 60 km

Planned site for construction of
Visaginas Nuclear Power Plant

Republic of Lithuania

Vilnius

| Ignalina Nuclear Power Plant
« Light-water-cooled, graphite-moderated reactors
« Reactors shut down in 2004 and 2009,
now being decommissioned

Fig. 1—Planned Construction Site of Visaginas Nuclear Power
Plant.

The Visaginas Nuclear Power Plant is to be constructed on

a site adjacent to the existing Ignalina Nuclear Power Plant
(currently being decommissioned).



now being decommissioned. As a result, Lithuania
is now a net electricity importer. When imports of
natural gas are included, the nation is dependent on
the Russian Federation for approximately 80% of its
energy consumption.

To overcome this problem of energy security,
the three Baltic states, the Republic of Lithuania,
the Republic of Estonia, and the Republic of Latvia,
together with the Republic of Poland, reached an
agreement in 2006 to proceed with the construction
of a nuclear power plant. Visagino Atominé Elektriné
(VAE) was established in 2008 to undertake the
construction of the Visaginas Nuclear Power Plant on
a site adjacent to the existing Ignalina Nuclear Power
Plant (see Fig. 1).

Hitachi, Ltd. and Westinghouse Electric Company
LLC entered bids in the May 2011 tender process
for selecting a strategic investor (Sl) to partner in the
Visaginas Nuclear Power Plant construction project.
Hitachi, Ltd. was subsequently appointed Sl in July
2011 and given preferred bidder status for negotiating
a formal order.

In addition to Hitachi’s extensive construction
experience in Japan, one of the factors behind Hitachi
gaining preferred bidder status was the fact that it
was quickly able to produce a proposal that included
finance and was satisfactory to the customer by
drawing on its experience and know-how in overseas
engineering, procurement, and construction (EPC)
projects. These have included work in the United
Arab Emirates. It is also likely that this customer,
who values long-term partnerships, has a high regard
for Hitachi’s stance of frank dealing, including in the
period after the Great East Japan Earthquake.

Now that preferred bidder status has been acquired,
Hitachi will be undertaking an exclusive process of
negotiating and coordinating requirements with the
aim of finalizing the concession agreement (CA), EPC
contracts, and other arrangements with VAE, the local
partners (the national electric power companies of
Estonia and Latvia), and the project company (PCO)
financed and set up by the SI.

Hitachi’s proposal for the Visaginas Nuclear Power
Plant is a 1,350-MWe-class advanced boiling water
reactor (ABWR) with enhanced safety incorporating
countermeasures to the accident at Fukushima Daiichi
Nuclear Power Station (see Fig. 2). Hitachi then
worked with VAE to finalize the technical aspects
of the project’s basic requirements, including the
schedule and allocation of work, the checks and
modifications required for the approvals process,
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Fig. 2—Three-dimensional Image of Visaginas Nuclear Power
Plant.

Hitachi has proposed a 1,350-MWe-class advanced boiling
water reactor (ABWR) with enhanced safety incorporating
countermeasures to the accident at Fukushima Daiichi Nuclear
Power Station. The existing Ignalina Nuclear Power Plant
(currently being decommissioned) is visible in the rear.

including the approvals agency, and the design
conditions, including the geology and surrounding
environment at the construction site. This phase
completed in December 2011.

In June, the Parliament of the Republic of
Lithuania passed a number of laws associated with
the project by majority vote, including the CA. The
laws were then signed by the President and put into
effect. Also in June, Lithuania issued a request to the
European Commission under the terms of the Euratom
Treaty to which the Commission responded by issuing
a statement of support for the project, indicating that
the environment for the project to proceed is in place.

Following a general election and referendum
in October 2012, the Lithuanian government has
indicated that it will formulate a general energy
policy by May 2013 and submit the laws required
to implement this policy to the Parliament of the
Republic of Lithuania. VAE, the local partners, and
Hitachi, Ltd. in its role as the SlI, intend to continue
discussions on how to proceed with the project.

In addition to providing energy security for
Lithuania, this project is seen as having an important
role in the energy strategy of the three Baltic states,
and it also plays a part in the integration with European
electric power markets through the Baltic Energy
Market Interconnection Plan (BEMIP).

ACTIVITIES IN ASIA
Asia is experiencing strong economic growth and
many Asian nations have adopted the introduction of
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Fig. 3—Image of Nuclear Power Plant for Socialist Republic of
Viet Nam.
The main building and emergency equipment are located 15 m
or more above sea level in case of tsunamis.

nuclear power generation by early 2020 as a national
policy, with objectives that include satisfying the
increase in demand for electric power brought about
by this growth and reducing reliance on fossil fuels.
While progress on plans for achieving this varies
between nations, and some have decided to review
their plans in light of the accident at Fukushima,
recognition of the need for nuclear power generation
in the medium to long term remains very high.

Given these circumstances, Japan and Hitachi are
cooperating in a variety of ways with the introduction
of nuclear power generation in neighboring Asian
nations. Japan is a leader in the field of nuclear power,
and Hitachi has been developing technology for
nuclear power generation for many years and has built
a large number of plants. Rather than just supplying
nuclear power generation equipment that is safer
and has excellent economics, this also represents a
valuable opportunity to contribute to initiatives such as
international security, the promotion of international
collaboration, and cooperation on human resource
development.

Socialist Republic of Viet Nam

HGNE has been supporting the adoption of
nuclear power generation by the Socialist Republic
of Viet Nam for many years. In October 2010,
the governments of Japan and Vietnam agreed on
Japan being made a partner in the construction at
the second nuclear power plant site in Ninh Thuan
Province. International Nuclear Energy Development
of Japan Co., Ltd. (JINED) was established by Japan
to coordinate nuclear power generation exports. In
September 2011, JINED signed a memorandum of
understanding with Vietnam Electricity Holding
Company (EVN) to establish the collaborative

framework for the introduction of nuclear power
generation to Vietnam with the Japanese government
and private companies working together. To meet
the requirements of Vietnam, HGNE has proposed
ABWR technology in the form of the only third-
generation-plus reactor in the world to be in
actual operation. Cooperation on human resource
development is also taking place, with nuclear power
scholarships and the running of satellite courses at
the Hanoi University of Science and Technology
(HUST), and the Electric Power University (EPU) in
collaboration with the Tokyo Institute of Technology
(see Fig. 3).

Malaysia

Japan and Malaysia signed a bilateral cooperation
agreement in 2010 aimed at establishing the basis for
Malaysia’s nuclear power generation plans. Following
on from this agreement, a nuclear technology seminar
was hosted later the same year by the Malaysian
Nuclear Agency, and this was followed up with
ongoing activities such as a presentation on safety
improvement to local interested parties, including the
Malaysia Nuclear Power Corporation (see Fig. 4).
Meanwhile, Hitachi is taking advantage of the work
done with Vietnam to promote cooperation on human
resource development in Asia in the field of nuclear
power, with programs being run for that country to
be extended to Malaysia from 2013. This will involve
the invitation of Malaysian students and researchers
to Japan under a Hitachi nuclear power scholarship
program and the hosting of satellite courses in
collaboration with the Tokyo Institute of Technology.

Fig. 4—Scene from First Malaysian Nuclear Agency ABWR
Seminar.

A seminar on ABWR technology in December 2010 was hosted
by the Malaysian Nuclear Agency and attended by more than
120 people, including many Malaysian university academics.



Fig. 5—Construction Site Visit.
To promote understanding of nuclear power generation,
relevant people from the Thai government and EGAT were
shown construction technology and work in progress at the
latest ABWR plant.

Kingdom of Thailand

With objectives that include meeting growing
demand for electric power and reducing dependence
on natural gas, the Kingdom of Thailand is planning
to introduce nuclear power generation from the
early 2020s. Since 2008, HGNE has been inviting
interested parties, including the Electricity Generating
Authority of Thailand (EGAT), to visit its factories
and nuclear power plants in Japan, and also running
a vigorous program of local seminars and other
technology presentations (see Fig. 5). A feasibility
study conducted in 2009 and 2010 selected the ABWR
proposed by HGNE as one of the preferred reactor
designs. Cooperation on achieving public acceptance
is also ongoing, along with investigations into
establishing the important underpinnings for the plans
for Thailand’s first nuclear power plant, including
assistance with arranging an inspection of Japanese
nuclear power facilities by relevant people from the
Thai government in response to a request from EGAT
to participate in public relations.

ACTIVITIES IN UK
Plans for New Nuclear Power Plants

The UK shifted to a policy of favoring nuclear
power during the period when Gordon Brown was
prime minister, with the publication by the government
of an energy white paper in 2008 that included a policy
of pursuing nuclear power. This was in response to the
fact that, with the exception of one pressurized water
reactor (PWR), all 16 nuclear power plants currently
in operation in the UK are due to be shut down by
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2023. Accordingly, the government selected eight sites
for new plants in 2011 and awarded construction of
new plants to EDF Energy, the national electric power
company of France, and the Horizon Nuclear Power
Limited consortium, which was owned by two German
electric power companies, RWE npower plc and E.ON
UK plc. The two organizations are proceeding with
plans for construction, at two sites adjacent to the
existing Hinkley Point and Sizewell nuclear power
stations in the case of EDF Energy, and at two sites
adjacent to the existing Wylfa and Oldbury nuclear
power stations in the case of Horizon Nuclear Power.
Since then, the owners of Horizon Nuclear Power
decided for domestic reasons to sell their stakes to
Hitachi, Ltd., with the sale completed in November
2012. Meanwhile, NuGeneration Limited, a joint
venture between the French electric power company
GDF Suez S.A. and Spanish electric power company
Iberdrola, S.A., owns the Moorside site. For the
remaining three sites, it is understood that they are
to be sold to third parties by the current owner, EDF
Energy, in accordance with the UK government’s
strategy, with work on new nuclear power plant
construction to proceed within the UK.

Electricity Market Reform

The UK government recognizes nuclear power as
a low-carbon energy source and is proceeding with
laws to establish a Feed-in Tariff with Contract for
Difference scheme for low-carbon electric power
as part of its electricity market reform policies. The
Energy Bill containing measures for electricity market
reform was introduced to parliament in November
2012. If passed, it is anticipated that this bill will
encourage investment by reducing the risks for
investors in nuclear power.

Purchase by Hitachi, Ltd. of Horizon Nuclear
Power Limited

By purchasing Horizon Nuclear Power Limited,
Hitachi has acquired two sites for plant construction,
at Wylfa and Oldbury. Horizon Nuclear Power Limited
has plans to construct two or three 1,300-MW-class
nuclear power plants at each of these sites. The target
is for the first plant to commence operation in the
early 2020s.

To prepare for this project, HGNE initiated
discussions with the UK Office for Nuclear Regulation
in December 2012 with the aim of obtaining
approval for the ABWR through the UK’s Generic
Design Assessment (GDA) process. Hitachi has also
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embarked on consultations with relevant organizations
to set up a UK supply chain, and plans to form an EPC
consortium in the near future.

COLLABORATIVE ARRANGEMENTS WITH
GEH

HGNE and GEH, the joint-venture nuclear power
companies established by Hitachi, Ltd. and General
Electric Company (GE) in 2007, have been sharing
resources in their nuclear power business activities.
They have also strengthened their collaborative
arrangements on a range of projects, with the aims
of expanding their businesses in the global market
and boosting competitiveness by taking advantage
of synergies. In the Lithuania contract being sought
by HGNE, for example, Hitachi is utilizing GEH
resources such as their approvals and licensing
engineering. Elsewhere, HGNE and GEH are
adopting common strategies to building a marketing
organization that can target specific projects in ways
that draw on the respective strengths of each company.

As the two companies have based their business
operations around boiling water reactor (BWR)
technology, a variety of opportunities exist for
exploiting synergies beyond those already quoted.
Examples include utilization of the naturally circulated
reactor technology from the Economic and Simplified
Boiling Water Reactor (ESBWR) in the development
of small BWRs, sharing of design resources, and
encouraging the shared use of test facilities.

CONCLUSIONS

This article has described Hitachi’s involvement in
the nuclear power business in major markets, focusing
in particular on the activities of Hitachi-GE Nuclear
Energy, Ltd.

HGNE and GEH are pursuing a common strategy
for their nuclear power businesses. By adapting to
changing global markets and exploiting synergies to
boost competitiveness, they intend to contribute to
overcoming international challenges, such as global
environmental problems and energy security.
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Lessons Learned from Fukushima Daiichi Nuclear Power
Station Accident and Consequent Safety Improvements

Masayoshi Matsuura
Kohei Hisamochi
Shinichiro Sato
Kumiaki Moriya

OVERVIEW: In March 2011, an accident occurred at the Fukushima Daiichi
Nuclear Power Station of Tokyo Electric Power Co., Inc. in Japan. The accident
came at a time when international demand for the construction of nuclear
power plants appeared to be growing against a background of concerns about
the security of fossil fuel supplies, which include oil and coal, and because
of nuclear power’s effectiveness as a means for countering global warming.
While reactions to the accident in nuclear power markets outside Japan varied
from country to country, many countries in regions such as Asia and the
Middle East, where there are plans to construct new plants, have announced
their intention to continue with policies that promote nuclear power, with the
provision that necessary countermeasures will be adopted based on a close
investigation of what happened at Fukushima. Hitachi intends to contribute
to safer and more reliable plant operation and construction by incorporating
the lessons learned from the accident at the Fukushima Daiichi Nuclear Power
Station into its nearly 40 years of experience in the construction of nuclear
power plants so that it can supply ABWRs with even higher levels of safety,

and also to consider how these lessons can be applied in existing plants.

INTRODUCTION

THE Great East Japan Earthquake that struck in March
2011 and the resulting accident at Fukushima Daiichi
Nuclear Power Station of Tokyo Electric Power Co.,
Inc. brought enormous damage to Japan.

Fully recognizing the seriousness of this accident,
Hitachi has been cooperating wholeheartedly in the
recovery and reconstruction of the affected regions and
Fukushima Daiichi Nuclear Power Station, while also
working to restore faith in nuclear power generation.

Over the nearly 40 years since it participated in
the construction of Japan’s first boiling water reactor
(BWR), Hitachi has been striving to improve their
reliability, safety, and economics. During that time,
Hitachi has been involved in the construction of more
than 20 such reactors. Hitachi has also been involved
in the joint development of the advanced boiling
water reactor (ABWR) in collaboration with power
companies that operate BWRs, General Electric
Company, and Toshiba Corporation. The ABWR is a
generation I11+ reactor design (as defined by the U.S.
Department of Energy), and is the only reactor of this
generation to be in actual use. Hitachi was involved
in the construction of all four ABWRs currently in
commercial operation and is responsible for major
components in ABWRs currently being built. Also, in
July 2011, Hitachi was selected as a strategic investor

(S1) in the Visaginas Nuclear Power Plant Project in
the Republic of Lithuania, and is currently proposing
an ABWR design with enhanced safety, including
measures adopted in response to the accident at
Fukushima Daiichi Nuclear Power Station.

This article gives an overview of the basic strategy
for enhancements to safety based on the lessons
learned from the accident at Fukushima Daiichi
Nuclear Power Station, summarizes the specific
equipment countermeasures applicable to the ABWR,
and describes policies for the deployment of safety
enhancements at existing plants in Japan.

LESSONS LEARNED FROM FUKUSHIMA
DAIICHI NUCLEAR POWER STATION
ACCIDENT

This section reviews the situation at the Fukushima
Daiichi Nuclear Power Station following the accident
and describes the lessons learned.

Situation at Plant after Fukushima Daiichi
Nuclear Power Station Accident

Responding to seismic acceleration, Fukushima
Daiichi Nuclear Power Station went into automatic
shutdown (a large scram) at approximately 2:46 PM on
March 11, 2011. With external power having been lost
due to the earthquake, the backup diesel generators
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(DGs) started automatically to provide emergency
power. Subsequently, at approximately 3:35 PM, the
power station was struck by the tsunami, resulting in
the inundation of water supply equipment, including
the emergency seawater system, and the flooding of
the yards around the buildings. Water also entered
the buildings causing some basement equipment to
become submerged.

This unavailability of the emergency seawater
system left the plant without any way of shedding heat, a
situation called “loss of ultimate heat sink” (LUHS). The
loss of the emergency seawater system also prevented
the backup diesel generators from running and caused a
“station blackout” (SBO) in which all alternating current
(AC) power was lost. The inundation of the building
also left some switchboards out of action, including a
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loss of direct current (DC) power due to the resulting
unavailability of DC power infrastructure. This loss of
control power and plant status monitoring functions
greatly impeded the plant’s management of the accident.

Fig. 1 shows the sequence of events during the
Fukushima Daiichi Nuclear Power Station accident
(using the example of Unit 1), and their relationships
to the lessons learned.

Lessons from Accident®

This section describes seven lessons learned from
an analysis of the sequence of events during the
accident at the Fukushima Daiichi Nuclear Power
Station, using Unit 1 as an example. Although the
sequences of events at Units 2 and 3 were different,
the lessons are believed to be the same.

Sequence of events

3/11 14:46

Loss of external power — Automatic startup of backup DGs

Reactor isolation — Automatic startup of ICs,
intermittent manual operation

3/11 15:35

|

* Flooding of backup DGs and switchboards
— Loss of all AC power (motors cannot run)

Effectiveness of current AM practices and lessons learned

= 4 Lossof all AC power (SBO) (unableto redirect power supply)

« Although AM practices included a facility for diverting low-voltage AC power from Unit 2,
this could not be used due to the tsunami.

« Although a power supply vehicle arrived at around 11 PM on March 11, flooding of all
switchboards caused a long delay in restoration of electric power.

Lesson 1: Relocation of switchboards and other important equipment to
better sites, utilize portable equipment, and ensure access

« Loss of DC power due to flooding of electrical rooms (flooding
of switchboards, loss of instrumentation and control equipment)
— Loss of IC and HPCI functions, loss of remote SRV operation

* Loss of seawater system
— loss of ultimate heat sink (cold shutdown function)

'

Water level recedes.

¥ —
3/1118:30 Core degradation starts (analysis).
v
312 5:46 Fire appliances start ]
supplying fresh water.
1
3/127:20 Damage to RPV (analysis)
¥
3/12 8:00 PCV overheating leakage (analysis)
v
3/12 9:30 Work starts on PCV (W/W) vent.
v
3/12 14:30 Work completes on PCV (W/W) vent,  —————

—

Failure of high-pressure cooling of core and inability to release pressurein reactor

* The loss of DC power due to the tsunami also disabled high-pressure cooling because
instrumentation and high-pressure systems (IC and HPCI) required DC power.
— Inadequate time for lining up low-pressure water injection and reducing pressure

Lesson 2: Configuration and deployment of isolation valves

Lesson 3: Provision of backup DC power supply for important equipment

Lesson 4: Instrument reliability and credibility, and measures for
dealing with this situation

Delay in injection of reactor water (alternative water supply)

« Although steps were taken to use alternative methods for injecting water after loss of pressure
due to core damage, all existing water injection systems were out of action.

* Supply from fire appliances, access to building, and connection of firefighting lines proved
difficult, and this delayed use of fire appliances to supply water from firefighting lines.

* Unavailability of water supplies made continuous water injection difficult — Water injection
required fire appliances to make round trips between firefighting water reservoir and FP water
pipe inlet (1 m® per trip).

* As a result of extended periods without water injection, the temperature of the PCV rose
leading to leaks from gaskets.

Lesson 5: Provision of wider range of water injection and cooling systems
L esson 6: Accessibility, ease-of-use, and effectiveness of AM equipment
Lesson 7: Provision of alternative meansfor protecting containment vessel

Delay in PCV venting (reinforced pressure vent)

« The difficulty of lining up valves due to loss of power, low air pressure, flooding, and high radiation
levels meant this work could not be performed in time (venting took about 6 hours to achieve).

L esson 6: Accessibility, ease-of-use, and effectiveness of AM equipment

AM: accident management AC: alternating current SBO: station blackout DGs: diesel generators ICs: isolation condensers DC: direct current
HPCI: high-pressure coolant injection system SRV: safety relief valve RPV: reactor pressure vessel PCV: primary containment vessel FP: fire protection

W/W: wet well

Fig. 1—Sequence of Events and Lessons Learned from Effectiveness of Current AM Equipment®.
The figure shows how the lessons learned relate to the functional status of the current AM equipment during the sequence of events at
the Fukushima Daiichi Nuclear Power Station (using the example of Unit 1).



Lesson 1: Relocation of switchboards and other
important equipment to better sites, utilize
portable equipment, and ensure access

Waterproofing important equipment and installing
it at as elevated a location as possible is an effective
countermeasure against tsunamis. However, given that
the large impact force of water and the presence of
air inlets and outlets make it difficult to provide full
protection, provide attachments for the emergency
connection of portable equipment and have heavy
machinery available for establishing access routes.
Lesson 2: Configuration and deployment of
isolation valves

It was reported that isolation valves could not be
opened during the accident. While keeping isolation
as the top priority, provide ways of opening the most
important isolation valves remotely or manually (by
locating isolation valves outside the containment
vessel and providing backups including for electric
power and pneumatics).
Lesson 3: Provision of backup DC power supply
for important equipment

Determining the status of plant was made difficult
by the loss of instrumentation functions due to the
lack of a DC power supply, there was insufficient time
to line up the low-pressure water injection system
due to the loss of high-pressure functions [isolation
condenser (IC) and high-pressure coolant injection
system (HPCI)] that require a DC power supply, and
reducing pressure via the safety relief valves was
delayed. Accordingly, provide portable or backup DC
power supplies for this important equipment.
Lesson 4: Instrument reliability and credibility,
and measures for dealing with this situation

For those plant monitoring items that are critical to
accident management (AM), review the environmental
conditions for instruments (considering the harsh
conditions that occur during an accident), provide
alternative means for verifying the credibility of
instrument readings, and provide measures for dealing
with the situation when the plant status cannot be
monitored due to lack of faith in these readings.
Lesson 5: Provision of wider range of water
injection and cooling systems

There is a need for greater diversity in the ways
of dealing with a loss of functionality in excess of
the design assumptions (including the provision of a
long-term water source), including with regard to the
response and assistance from off-plant. In addition to
providing greater protection through measures such as
improving the water tightness of key on-site equipment
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and building layout, there is a need to ensure the
flexibility to deal with a wide range of scenarios
though greater diversity, including portable equipment.
Lesson 6: Accessibility, ease-of-use, and
effectiveness of AM equipment

In response to problems such as the valves required
to operate AM equipment being difficult to approach
because they were located close to the containment
vessel, and system line up being delayed by the difficulty
of connecting external water supply equipment, make
improvements to the accessibility, ease-of-use, and
other practical aspects of AM equipment.
Lesson 7: Provision of alternative means for
protecting containment vessel

It is possible that the interior of the containment
vessel overheated due to insufficient core cooling,
causing degradation of non-metallic components
and the potential release of radioactive material.
Accordingly, while keeping core cooling as the top
priority, there is a need to protect the containment
vessel by cooling it on the inside and by providing
cooling from outside the containment vessel.

BASIC STRATEGY FOR SAFETY MEASURES
A review of experience from the accident at
Fukushima Daiichi Nuclear Power Station and
the lessons learned indicates that there is a need
to consider the potential for site-wide damage
that exceeds equipment operating conditions as
a result of wide-scale external events such as
earthquakes and tsunamis. This means that flexible
equipment is important for dealing with situations that
exceed assumptions, while also reviewing protective
equipment based on specified design standards, and
there is a need to consider factors such as access
to ensure the practicality of this equipment. The
following section describes the basic strategy for
safety measures based on the above considerations.

The first is to protect important safety equipment
from design loads caused by external events. Examples
include embankments, measures for making buildings
watertight, and relocation of equipment for dealing
with a complete loss of AC power.

The second is the use of portable equipment in the
event that the protection for safety equipment fails,
and the preparation of flexible responses (responses
to external events that exceed design conditions).
Improving the durability of the containment vessel with
respect to leaks of radioactive material is also important.

The third is to provide measures based on the
use of flexible and portable equipment and to make
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response procedures as simple as possible to ensure
that coordination can proceed smoothly in the event
of a major external event leading to major damage
across the entire site and a need for off-site assistance.

OVERVIEW OF SAFETY EQUIPMENT
Overview of ABWR Safety Equipment

Nuclear power plants are built on the principle of
defense in depth with designs that ensure safety through
redundancy and diverse methods. Design of safety
equipment establishes design conditions with enough
of a safety margin to deal with a wide range of different
accident scenarios, and then designs equipment that can
function reliably under these conditions. In addition,
to reduce risk and deal with events that fall outside
the accident scenarios considered in the design, AM
equipment is provided to manage operations such as the
use of equipment other than safety equipment to inject
water into the reactor or remove the heat generated in
the reactor. Fig. 2 shows stochastic assessments of the
safety with respect to on-site accidents of typical light
water reactors and third-generation reactors, including
the ABWR. The graph shows the ABWR as having the
world’s highest level of safety.

BWRs have a simple direct-cycle configuration in
which the generated steam is supplied to the turbine
directly. The ABWR, which was developed primarily
in Japan and the USA, represents the culmination
of this type of reactor. This use of a direct-cycle
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Fig. 2—Comparative Safety Assessments of ABWR and Other
Light Water Reactors from Around the World.
The graph shows stochastic assessments of safety with respect
to on-site accidents of example light water reactors (BWRs and
PWRs) and of ABWRs and other third-generation reactors.

configuration allows highly efficient generation of
electric power at a low operating pressure. Specifically,
the operating pressure of the reactor is less than half
that of a pressurized water reactor (PWR), another
type of light water reactor. The features of the BWR
power generation system are utilized in the design of
the safety equipment. That is, because the BWR uses
direct-cycle operation at low pressure, it is easy to inject
water directly into the reactor, and therefore the basic
approach to achieving safety is to provide a number of
different alternative methods for water injection.

The section below describes specific equipment-
related responses. Based on the basic strategy for
safety measures described above, these responses
are built on safety policies that take advantage of the
features of the BWR. In this case, the explanation
focuses on measures that relate to the second of the
basic strategies, which affects power plant equipment.
(1) Because of the likelihood of confusion in the initial
response to major external events, depending on the
level of damage, it was decided to make available
portable equipment as a way of providing more options
for injecting water into the core. This is a simple
measure that takes advantage of the features of BWRs.
Because this is a simple strategy, it should also be an
effective way of cooperating with off-site assistance
teams during times of confusion, as described for the
third of the basic strategies for safety measures.

(2) Connections from the outside and on-site
operations performed in close proximity are important
considerations when using portable equipment.
Accordingly, the installation of a number of external
connection points at different locations was considered
to ensure flexibility.

(3) In addition to adding alternative ways to inject
water into the containment vessel, a facility for
injecting water to the top head of the containment
vessel was fitted to improve the durability of the
vessel’s non-metallic components.

(4) Also under study in addition to the above measures
is the concept of a backup building equipped with an
alternative power supply and a reactor water injection
function for use in events that are bigger than expected.
The concept involves a facility, located separately from
the reactor building, that is kept sealed off during routine
operation and only opened at times of emergency so that
the facilities it provides will be able to function during
events that are bigger than expected. Locating the in-
place water injection equipment away from the reactor
building allows water injection to be performed quickly.
It should also be useful for functions such as providing
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Fig. 3—Sketch of Backup Building and Concept behind Alternative Power Supply and Reactor Water Injection Function.

Hitachi has developed the concept of a backup building to provide power, portable equipment, and other resources, maintaining
equipment functions in case of large external hazards so that water can be injected into the core quickly from a separately located
building.
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Fig. 4—Overview of ABWR Safety Equipment.

Based on experience from the accident at Fukushima Daiichi Nuclear Power Station and the lessons learned, important safety
equipment is protected from the impact of wide-scale external events such as earthquakes and tsunamis, and safety equipment is built
that allows flexible measures to be taken, using portable equipment for example, in the event that this protection fails.
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conduct stress tests to comprehensively assess the
safety of existing nuclear power facilities in the light
of the accident at Fukushima Daiichi Nuclear Power
Station. Hitachi’s involvement included work on
improving the water tightness of pipe entry locations
and the earthquake resistance of firefighting water
pipes that provide a greater safety margin by offering
an alternative method of cooling the reactor, and also
“cliff edge” assessments for preventing reactor core
damage in the event of an earthquake or tsunami.
The purposes of the stress tests were to identify what
measures were needed to equip nuclear power plants
to cope with events that exceed design assumptions,
and to make ongoing improvements. Assessments
conducted to date have found the safety measures
put in place in response to the recent accident to
be effective. Hitachi intends to continue to study
and propose measures for further improving safety
margins based on a series of assessments.

Meanwhile, the “Technical Findings on the
Accident at Fukushima Daiichi Nuclear Power Station
of Tokyo Electric Power Co., Inc.” published by the
Nuclear and Industrial Safety Agency in March 2012
identified 30 items to be incorporated into future
regulations. The basic safety philosophy is the same
as the basic strategy for safety measures described
above. Hitachi has presented safety measure concepts
that include air-cooled DG systems and portable heat
removal systems, and is currently working on specific
investigations.

In this way, it is considered to be necessary to
provide existing plants in Japan with greater safety
margins by formulating and implementing optimal
safety margin improvement measures that are based
on the basic safety philosophy referred to above and
that also take into account the individual circumstances
of each plant, to use stress tests and other measures to
conduct quantitative assessments of their effectiveness,
and to make ongoing improvements to safety margins
in the areas identified as requiring measures to be taken.
Hitachi intends to continue to make maximum use of
its know-how and experience in its ongoing activities.

CONCLUSIONS

This article has given an overview of the basic
strategy for enhancements to safety based on the
lessons learned from the accident at Fukushima
Daiichi Nuclear Power Station, summarized the
specific equipment countermeasures applicable to the
ABWR, and described policies for the deployment of
safety enhancements at existing plants in Japan.

A lesson from the recent accident is that safety
improvements must be unremitting. To this end,
Hitachi intends not only to draw on the lessons from the
accident at Fukushima Daiichi Nuclear Power Station
to supply nuclear power plants with further safety
improvements, but also to contribute to safer and more
reliable plant operation and construction through the
deployment of these improvements to existing plants.
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Enhancement and Future Deployment of Hitachi Integrated
Construction Coordination System Intended Specifically for
On-site Field Work
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INTRODUCTION

IT is the mission and mandatory task of a plant builder
to offer higher quality, reliability, and lower costs in
the construction of a plant that will provide stable
electric power. To this end, Hitachi has improved
construction methods and technologies as well as
management techniques, and has worked to apply
information technology (IT) and systemization to
the construction field since the 1990s. Construction

OVERVIEW: Ever since the 1990s, Hitachi has been pursuing the application
of IT and systemization to power plant construction, with a focus on securing
project integration, coordinated control, improvements in work efficiency,
and quality assurance. Although efficiency has been improved through the
application of this technology to actual plants and the expansion of functions,
this process of improvement and streamlining has reached the limit of
what can be done with a management-side approach centered on systems.
Therefore, Hitachi has returned to the starting point of manufacturing, and is
working to enhance systems that introduce human-centered design approach
and 4D visualization techniques.

is positioned as the farthest point downstream in a
project, and the on-site construction workers play a
leading role in the work.

This article discusses Hitachi’s efforts up to the
present focusing on the creation of user-oriented
systems designed for on-site use in order to improve
both productivity and quality of work at construction
sites, as well as the expansion, enhancement, and
deployment policies Hitachi currently follows.
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Fig. 1—Overall Configuration of Hitachi Integrated Construction Coordination System.
An overview of the Hitachi integrated construction coordination system, which achieves integrated project control and centralized
management of design, procurement, and construction information.
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HITACHI’'S APPROACH TO INCORPORATING
IT INTO CONSTRUCTION
Hitachi Integrated Construction Coordination
System

Hitachi has been pursuing the incorporation of
IT into construction based on the following three
points since the 1990s, with the aim of promoting
construction oriented smooth project management:
(1) Meticulous planning before the start of construction
work
(2) Just-in-time provision of materials and information
in synchronization with the site construction work
(3) On-site Plan, Do, Check and Action (PDCA)
management

The Hitachi integrated construction coordination
system achieves integrated project control from design
through procurement and construction (see Fig. 1).

On-site Construction Systems
The on-site construction system component of
this Hitachi integrated construction coordination
system is comprised of the following 12 subsystems
for use at construction sites. Through these, the
project management cycles of issuing plan directives,
executing, measuring, and taking corrective measures
is implemented.
(1) Schedule planning subsystem
(2) Work instruction subsystem
(3) Inspection support subsystem
(4) Work progress management subsystem
(5) Labor and qualification management subsystem
(6) Product material management subsystem
(7) Document management subsystem
(8) Daily work schedule subsystem
(9) Construction work process quality control (PQC)
management subsystem
(10) Pressure test and flushing management subsystem
(11) System turn over management subsystem
(12) Extra work management subsystem
These subsystems encompass the details of on-site
tasks from beginning to end in order to implement
management that is based on actual on-site conditions.
For instance, when piping work is performed
on-site, the supervisor of primary subcontractors
provides work instructions regarding each joint point
based on the detailed construction schedule, and the
supervisor or foreman of secondary subcontractors
confirms the details of the directives before outputting
the work instruction form/record on a paper log sheet,
and finally carrying this to the site where work is
performed. In this workflow, information including the

work record and pass-fail result is written on the work
instruction form/record after the work is performed,
and the superior (on the construction work side and
the quality control side) is asked to review and approve
the work. Also, work records can be registered using a
portable terminal, or personal digital assistant (PDA),
and devices have been created to allow handwritten
work records to be registered in the system without
transcription errors. Furthermore, an alarm is generated
if values are registered in the work record that differ
from the values indicated in the design instructions,
and an interlock function prevents moving on to the
next step until the values are corrected. Subsystems
(2) and (3) systemize this series of tasks.

The management items and format used for these
work instructions are defined for the sake of quality
assurance and with convenience in mind, based
on the combination of work classifications. These
include quality management classification, product
classification, and work classification (for piping this
would include fitting up, welding, non-destructive
inspection, pressure testing, and so on). In the example
of piping, 45 types of logs amounting to a total of
115,000 sheets are created and managed for each plant,
covering more than 50,000 joint points and including
several dozen management items per sheet. High-
quality construction is achieved in this way through the
cumulative effort of exhaustive management activities
that extend to the minutia of each separate work task.

IMPROVEMENTS AND ENHANCEMENTS
DESIGNED FOR USE ON CONSTRUCTION
SITE

The Hitachi integrated construction coordination
system has shown its effectiveness through continuous
operations at five plants over the course of approximately
20 years, starting in the 1990s. Although at present, the
Hitachi integrated construction coordination system is
indispensable at construction sites, it took a long time
(around a decade) for it to completely take hold as a
system designed specifically for on-site use.

In the current state, however, simply strengthening
the system in terms of management and control will
not be enough to improve reliability and quality and
reduce costs further.

No matter how systems and hardware technology
develop, plant construction work will still be centered
on on-site manufacturing by humans. In order to allow
the system to evolve and develop even further, it was
decided to review and improve the nature of the system
from the beginning with a focus on the human element.



Although the system was built based on the
opinions of users before, under actual conditions, it
was not always used as intended, and users were not
always satisfied. System improvement efforts were
conducted using a “human-centered design approach”
so that more people would be able to use the systems
and services, people would find the systems and
services convenient, and people would be glad they
used the systems and services.

Furthermore, actual item-oriented visualization
techniques were considered and systemized in keeping
with the construction site, in order to apply new added
values and benefits through the computerization
of information, and to make the representation of
instruction details and intentions as well as the
communication of information fundamentally more
intuitive and efficient during on-site work.

The details of these efforts are described below.

Construction Site Improvement Using Human-
centered Design Process

A “human-centered design approach” was
introduced to achieve manufacturing that is both
easy-to-use and easy-to-understand for users, based
on a process of unlocking the latent ideas of on-site
workers with a focus on the actual conditions of on-site
manufacturing. Human-centered design was stipulated
in 1999 with 1SO 13047/J1S Z8530 (currently revised
as 1SO 9241-210), and was characterized by the
participation of users in the development process, as
well as by the fact that it is an interdisciplinary project
conducted by professionals with a variety of different
techniques and skills in the area of investigating
people, including psychology and anthropology.

With conventional development from the end
user’s perspective, hearings and questionnaire-based
studies were generally used to directly ask users what
problems they have, or what types of features they
want. However, these were superficial events, rather
than latent, and were affected by a problem whereby
the degree of accuracy of the features requested by
users was low. This is why the decision was made to
promote human-centered design that can efficiently
extract the end user’s latent needs and essential on-site
issues, by following the steps described below.
(2) Clarification of essential issues hidden on-site and
user’s approach to job

Rather than conducting hearings to directly ask
users questions, ethnographic research (living with,
observing, and interviewing subjects for a long period
in order to clarify the lifestyles of a group or culture,
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using a social science methodology based on cultural
anthropology and sociology) with a focus on on-site
observation and interview-based studies seeking to
deeply investigate the background of each site were
repeated in order to clarify the essential issues latent
in the site, as well as the end user’s approach to his
or her job.
(2) Clarification of overt and latent user needs

Various innovations and efforts are applied
to resolving the essential issues revealed by the
ethnographic and interview-based studies, and overt
and latent user needs are clarified.
(3) Development of systems based on user needs,
improvement policies, and idea deployment

The functions and user interfaces that must be
built in order to satisfy overt and latent needs are
considered. In the case of certain ideas, prototypes
or scenarios are created so that concerned parties can
easily share a common purpose.
(4) User evaluation of systems

Actual users are asked to operate the prototypes and
implement the scenarios that were created during idea
development, and an evaluation study is conducted to
determine if any of the ideas from the development
side are mistaken, or if they are mistaken, how they
should be different. If improvement is required, steps
(1) through (3) are redone.

Enhancement of On-site Construction Systems

In order to extract essential on-site issues,
the previously described human-centered design
approach was used during two or three days of on-site
observations with interviews conducted three times
each. Examples of system enhancement efforts based
on the results of this process are introduced below.
Application of digital pen to work instructions

In order to improve on-site work instructions and
record creation, the previous paper-based log method
was systemized in such a way that instruction details
could be confirmed and records could be registered
using portable terminals that are carried on-site. Based
on the results of the observations conducted during
the aforementioned human-centered design approach,
however, in some cases workers decided not to use
the portable terminals because of problems related
to portability and operating speed, instead writing on
paper by hand and transcribing to a personal computer
(PC) at the office later. This revealed the need for an
easy-to-use system that would be less of a burden for
workers, and so a digital pen with a miniature camera
that can digitize what the worker writes was introduced.
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The differences in workflow between the previous
method of using a pen and a log and the new method
based on the digital pen are shown in Fig. 2. When a
digital pen is used, the records are written to paper
during on-site work just as before, but there is no
need to transcribe the records at the office because
the digital registration eliminates the need for this step
while increasing efficiency and reducing transcription
errors at the same time. Also, in order to improve both
usability and recognition accuracy, a human-centered
design approach was utilized to revise the layout of the
log based on a consideration of the size and position of
characters in the input fields, input order, and overall
ease of viewing. At present, on-site work is being
streamlined through the use of either this digital pen
or a fast, lightweight mobile PC system, based on the
user and the situation.

Application of 4D visualization system

In order to satisfy the need for “providing the
information necessary for work in a simple, easy-
to-understand manner” as determined during on-site
observation, a system was adopted that incorporates
4D visualization (a time axis added to three-
dimensional information).

During construction work, sometimes text,
symbols, and numerical values are not enough to
represent the work plan, work process, and intention
of the planner as written on the schedule chart. In order
to resolve this problem, a 4D format was adopted by
adding a time axis to the space information of three-
dimensional computer-aided design (3D-CAD),
thereby resulting in a system for conveying the
information involved in a variety of different scenarios
including the construction planning process, work

shown, along with an example of
the special paper.

instructions, and progress management to on-site
workers, supervisors, and planners, in a manner that
is intuitive, simple, easy-to-understand, and without
the risk of misunderstandings.

This 4D visualization system has functions that
make it possible to represent the work procedures,
actions, and states of a construction site from any
viewpoint or using any cross-section or viewing
method, and to simulate using static images or
dynamic simulation that matches actual objects (see
Fig. 3). The introduction of tablet terminals is being
promoted as a means of improving the accuracy and
efficiency of on-site work using this function. An
integrated construction system is realized by applying
4D simulation to various on-site scenarios, including
construction work, the planning process, work open-
top carrying-in/temporary placement plans, and
operating instructions (see Fig. 4).

Fig. 3—Example of ““4D”” Visualization System.
4D visualization is applied to simulate work procedures and
states from any viewpoint and using any viewing method.
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This integrated construction system is based on information
in 4D format that can convey information in ways that are
simple, intuitive, easy to understand, and unlikely to lead to
misunderstandings.

CONCLUSIONS

This article covers the previous efforts of Hitachi
focusing on the creation of a user-oriented system
designed for on-site use with an emphasis on improving
the productivity and quality of manufacturing at a
construction site, as well as the expansion, enhancement,
and deployment policies Hitachi is currently following.

These efforts involve the creation of a shared and
global system that offers total optimization through
deployment over plant fields, both domestically and
internationally. At present, the system is being applied
to three nuclear and thermal power plants in Japan, and
one plant overseas.

The first overseas application at the thermal
construction site was begun in 2012. As international
deployment requires the resolution of issues particular
to that country and region, emphasis was placed on the
following points:

(1) Support for multiple languages (switching between
English and Japanese)

(2) Incorporation of operational standards particular
to the region (such as product management)

(3) Strengthened IT infrastructure security (System
Servers)

Since both Japanese and international employees
work under the same system when it comes to
construction overseas, there is no way to avoid
problems stemming from different cultures and ways
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of thinking, or from language barriers. In spite of
this, plant construction projects still must manage
huge amounts of material in this type of environment,
in a safe, high-quality, and highly efficient manner.
Human-centered design approach and 4D visualization
systems are being introduced and enhanced because
of the extreme importance of issues such as how to
give work instructions to foreign workers, how to
proceed with work in a smooth fashion, how to convey
information in a manner that is simple, intuitive, and
unlikely to lead to misunderstandings, and how to
make other people understand.

Hitachi will continue promoting construction IT
dedicated for on-site work, while working non-stop
to run and improve systems.
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