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SUMMARY. Nuclear power will be a mainstay in the energy mix and the energy security for
several Asia-Pacific countries: China, Japan, Korea, Taiwan and Vietnam.

INTRODUCTION

Each Asia-Pacific country has a unique set of
energy needs and capabilities:

Some need large amounts of baseload
power and have the political will to
install nuclear capacity, but they have
no funds

Others have mature nuclear energy
programs to which extra capacity
needs to be planned-for.

So there is no common Asian drive to install
(or reject) nuclear power. However, the Asia-
Pacific countries do all seem to have a long
term view in regard to their future electricity
supply.

This paper will briefly discuss China, Japan,
Korea, Taiwan and Vietnam. Indonesia
remains an interesting prospect for the nuclear
power industry, however, there is little real
information about when a unit might be built.

CHINA

The Present Scene
The last two years have seen China reap the
rewards of earlier nuclear power investment
with five new units coming on line, bringing
the total from three, to eight units with a total
net generating capacity of 6 GWe. This
capacity, however, is only a small proportion
of China's total electricity production capacity
(it is -1.7% of-340 GWe). There are three
units under construction which will add
another 2.6 GWe by the end of 2005.

Nuclear power will steadily become more
prominent in China's energy mix over the next
decades but it is only one of several important
sources that need to be exploited in order to
meet China's future energy needs. It is

sobering to realise the enormous, dramatically
rising electricity demand in China:

• Electricity consumption in China is
projected as increasing by an astounding
4.3% annually on average, to 2025.

• This means about 56 - 60 TWh extra is
needed per year. This equates to the
output of 7 new 1 GWe nuclear power
units such as those brought on line this
year - every year.

• But already, in the first six months of
2003, electricity demand increased by
over 15%. Power shortages and
electricity rationing has been reported.
And there may be a shortage of 15 GWe
(-130 TWh) in 2004 (equivalent to the
output of fifteen 1 GW power stations or
nearly the output of the huge Three
Gorges hydro plant and more than the
entire generating capacity of NSW).

China's energy planning has been criticised for
underestimating this steep rise in demand. So
far, China has been meeting annual added
demand from coal-fired capacity that was
being built in the late 1990s. But these
projects are being completed. The huge hike
in demand has forced the government to
urgently adjust construction plans. Recently
(2002) it announced 30 new hydro and thermal
power projects to provide more than 22 GWe.
But the electricity shortage is expected to
continue for years.

Against this great hunger for electricity, it is no
surprise that new nuclear power plants will be
constructed in China:

• approval has been given in 2003 for two
new nuclear units at Sanmen near the
present Qinshan NPP site in Zhejiang
Province.
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• two new nuclear units are also newly
approved for Lingdong, near the Ling
Ao/Daya Bay NPP site in Guangdong
Province.

• Construction on both projects should start
by 2005 - but this may depend on the
tender process that is used.

• Another site at Yangjiang, 500 km west of
Hong Kong has been approved for six 1
GW units. Full construction should start
by 2006. The first two units at the plant
are scheduled to be completed by 2011
with all six in operation within 20 years.

• Recent talks between China and Russia
have discussed the feasibility of
constructing a further two W E R 1 GW
units at Tianwan site. No financing details
are known but this project can be
considered a fairly firm likelihood.

The outlook for nuclear power and its
expansion in China is assured, with the
country's nuclear capacity expected to grow
from some 6 GWe today to at least 20 GWe by
2020 and up to 120 GW by 2050. With up to
700 GWe total installed capacity in China in
2020, the nuclear share of electricity
generation will rise only modestly to ~3%.

Longer Term

China is committed to employing nuclear
power for the long term to ensure its; energy
security and is investing in a range of
advanced nuclear power technologies to realise
this goal:

• A 65 MWt prototype fast reactor is being
constructed outside Beijing as part of a
long program to gain FBR operating
experience and to develop materials for
larger FBR units. Russian assistance is
being drawn upon in this project.
Scheduled to start 2006 with construction
of a full scale FBR power unit envisaged
for around 2025.

• A 10 MWt high temperature gas-cooled
reactor operating since 2000 continues to
be improved. It is a lead reactor for other
HTR projects to provide energy for district
heating, hydrogen production, and
regional electricity generation.

China's growing nuclear power program is a
long term feature on the world nuclear power
stage. It will see greater participation by the
international community and little local
protest.

JAPAN

The Present Scene

The giant nuclear power industry in Japan has
had a poor year in 2002/2003 but its
fundamentals remain strong: there are 53
operating units with a net generating capacity
of over 44 GWe. This is about 30% of the
country's generating capacity from which
-38% of all Japanese electricity is produced.
There are three reactor units under
construction which will provide another 3.7
GWe by the end of 2006. Another 10 nuclear
units providing 12.2 GWe are planned to come
online next decade.

In March 2003, the 165 MWe Fugen unit was
permanently shutdown after 24 years
operation. While only of small capacity, this
steam-generating heavy water reactor played a
key role in Japan's NP development and
pioneered the development of the MOX cycle
in Japan. It burnt over 1.85t of plutonium over
its operating life.

TEPCO's Safzty Record Bungle

The industry's most significant development
has been the serious revelation in Aug 2002
that Japan's: largest electricity utility,
'TEPCO', concealed several minor safety
findings from the State regulator, 'N1SA'.
TEPCO did not report, nor properly document
minor cracking found at a number of its plants
during company inspections conducted from
the late 1980s until 1992. Later, the company
admitted that safety inspection records and
procedures had been manipulated.

This appalling management of safety
procedures has understandably damaged
TEPCO's reputation and credibility —
resulting in senior management resignations,
including the company President.

NISA has assessed that plant safety was never
compromised. And TEPCO's own
investigation into its safety procedures from
this time found there had been no fraudulent
activity despite the drastic errors.
Nevertheless, the revelations cast doubt on the
company's safety inspections over the last
decade.

Between August 2002 and April 2003, TEPCO
progressively shut-down all 17 of its power
reactors in order to conduct full safety checks
at each unit. The first unit was allowed to
restart in May 2003 and others have followed.
Electricity shortages were predicted over
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summer but were averted, in part, because
summer temperatures were mild.

This serious blunder has revealed flaws in the
system of NPP safety regulation and reporting
in Japan. The scandal also reflects a lower
focus on safety culture at the time. One lesson
learnt from the scandal, is that the Japanese
regulatory structure needs to be streamlined so
that there is different reporting for various
levels of safety significance and that these
should all be the responsibility of the State
regulator. Japan's NISA is now looking
closely at the US NRC in order to implement a
more suitable model for reporting safety
inspection findings.

The whole affair has cost TEPCO about
US$1.1 billion to date, including fuel
replacement. The indications are that the
Japanese nuclear power industry has taken this
as a wake up call but that it will be some time
before new measures are properly in place.

Longer Term
Looking to the longer term, Japan continues to
invest strongly in nuclear energy technologies
to form the backbone of the country's long
term energy security. Higher fuel burn-ups are
continually being sought and power utilities
expect to be able to rely on the 'independent'
high energy content of recycled plutonium.

• Japan is close to finally incorporating
"mixed uranium-plutonium oxide"
(MOX) fuel into its power reactors.
MOX use has been planned for years and
is regarded as a key pillar in Japan's
energy strategy - despite the current low
cost of uranium. As well as saving on
uranium, the recycling of plutonium
reduces the volume of radioactive wastes,
thereby providing further cost savings.

Set-backs have included local
government vetos against MOX fuel
loading, and the discovery of data
anomalies for MOX fuel fabricated by a
UK company which resulted in the fuel
being returned. More recently, the
TEPCO scandal has further delayed
approval for MOX loading.

Japanese reactor units will start to load
MOX fuel in the near term. Up to one
third of all Japanese power reactors may
be using MOX by 2010. The huge
Rokkasho reprocessing plant is
approximately 94% complete (albeit well
over-budget) and is scheduled to enter
into service in 2005 with an operating life

of 40 years, recycling 800t/year of spent
LWR fuel. Some non active testing has
been performed. MOX fuel will be
fabricated in a separate facility at
Rokkasho due for completion in 2009.

• Japan has an active fast reactor (FBR)
development program. This plutonium-
generating technology is envisaged as
contributing to the country's power needs
from ~2030. This strategy will provide
energy independence for Japan in the
medium term, before fusion power
becomes readily deployable.

The 280 MWe Monju fast reactor is ready
to restart after over eight years shut-down
following the 1995 sodium leak and
during which extensive refitting has been
undertaken. Restart approval has been
given but legal rulings are delaying this -
perhaps partly due to the TEPCO scandal.

Meanwhile, the smaller Joyo fast reactor
has restarted after undergoing a major (3
year) core upgrade which will allow it to
operate at 140 MWt, up from lOOMWt.
Joyo has been run for ~23 years and
provided extensive experience in FBR
operation for Japanese nuclear engineers.
The reactor remains important in
developing fuel and materials for future
Japanese fast reactors by testing under
real flux and heat conditions.

• The 30 MWt High Temperature Test
Reactor 'HTTR' reached the milestone of
reaching full outlet temperature of 950°C
in March. Due to its high operating
temperature, this reactor will be able to
produce electric power more efficiently
(over 40% conversion) and will also
enable hydrogen production (reformation)
which is planned for 2008.

• Japan is a member of the International
Thermonuclear Experimental Reactor
'ITER' consortium and is a candidate for
siting the multimillion project to build the
prototype fusion reactor. This will lead
on from Japan's own Tokarnak research
over the years.

• Other novel power reactor designs are
being developed, including the 'reduced
moderation water reactor' which is
capable of high burn-up and some fuel
breeding.

Despite recent problems, Japan remains
strongly committed io nuclear power as a key
source for the country's ongoing energy needs.
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Japan has a very long term vision in regard to
its energy security - and nuclear power fits
well in this outlook.

KOREA

The Present Scene

Nuclear energy is trending upwards strongly
but quietly in Korea. The country is a mature
NPP operator, generating in 2003 over 38% of
its electricity from 18 nuclear units - the latest
of which came on line in late 2002
(Yonggwang-6). There is now 15 GWe of net
nuclear generating capacity in the country
(-30% of all installed capacity).

Korea has invested heavily for over 15 years in
developing its 1 GWe Korean Standard
Nuclear Plant (KSNP) from an earlier US
PWR model. Since 1998, Korea has been able
to build KSNP units entirely indigenously.
There are two 1 GWe KSNP units under
construction at the Ulchin NPP site and the
two units that were being built in North Korea
are KSNPs (construction is now suspended
there - probably indefinitely).

And Korea has continued its PWR
development work, extending the KSNP to a
much larger 1400 MWe design called the
Advanced Power Reactor (APR). The APR
will be highly cost-effective due to its large
output. Construction of the first of these APR
units is scheduled to commence at the Kori
NPP site in late 2004 and be complete by
2010.

Nuclear power plays a major part in Korea's
energy security and it is projected to increase
in importance with nuclear share rising to
- 4 5 % in 2015 with another 10 units (six KSNP
units and four 1400 MWe APRs) providing
another 12.3 GWe of nuclear capacity.

Longer Term

Looking further out, Korea is investing heavily
in a range of advanced nuclear energy
technologies to sen/e its energy needs in both
the medium and long term. These include:

1. increasing PWR fuel burn-up. Korea
diversified to operate heavy water
CANDU reactors as well as PWRs and
this feature of the reactor fleet can allow
'reburning' of spent PWR fuel in
CANDU power units - maximising
uranium fuel use. This so-called
"DUPIC" cycle also significantly reduces
waste.

2. mixed-oxide (MOX) fuel recycling
technology continues to be studied and is

probably being considered for
implementation in the 10+ year
timeframe, after the Japanese model has
been running for a while.

3. researchers have been developing a small,
modular fast reactor 'KALIMER' which
is liquid metal cooled and will produce
150 MWe. It is ultimately to be used for
'burning' of actinide waste and the use of
thorium fuel. It will also demonstrate
very high uranium burn-up. The fast
reactor is in advanced conceptual design
phase with a completed unit scheduled
for 2011 but more likely by 2020. There
could be 1 GWe FBR capacity by 2025.

4. Korea recently commenced a 5-year
program with the US to conduct R&D on
advanced fuel cycle technologies.

Korea has also finished developing a small,
modular PWR reactor design which can be
used for both power generation (100 MWe) as
well as for water desalination (-80000 I/day).
The 'SMART' reactor is suited for application
in isolated regions with poorly developed
grids. Korea plans to construct a lead SMART
unit - perhaps on Cheju Island, but a unit has
also been proposed for Madura Island in
Indonesia which suffers power and water
shortages.

TAIWAN

The Present Scene

TaiPower operates six nuclear units (4 BWRs,
2 PWRs) at three power plants and these
provide a net 4.9 GWe for the island - about
16% of Taiwan's electric generating capacity.
The units generated 38 TWh in 2002 which
was —23% of the total electricity generated.
Nearly 19 TWh was generated in the first half
of 2003.

Two large 1350 MWe BWR units are under
construction at a 4th site; Lungmen. This
project started in 1999 and is nearly 50%
complete but it is a highly politicised project.
Construction was halted in 2000 after the
government changed. It was eventually
restarted after several months of legal
challenge. The project has had to have an
extra US$1.5 billion added to its budget due to
construction delays and currency depreciation.
The plant's two-phase start-up has been
delayed until 2006 and 2007.

The government has promised to hold a
referendum on the future of nuclear power in
Taiwan but the issue is confused by many
factors, including that fact that Taiwan has
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never held a referendum and can not seem to
agree how to do so. There are strong anti-
nuclear forces in the ruling party who have
even suggested that two of Taiwan's power
reactors must close by the end of 2004. This is
unlikely, but an early shutdown date of 2011 is
still mooted.

The Taiwanese opposition party is pro-nuclear
and a general election is due in early 2004. So
the country's nuclear power future is in a
protracted state of flux.

Longer Term

Taiwan has an active nuclear research
program, however, little effort is being devoted
to extending existing nuclear power
technologies or on researching advanced
nuclear power systems. Unlike other countries
in the region, Taiwan is not undertaking
research into high-temperature or fast reactor
designs.

Taiwan is concerned about its energy security
and has some involvement with fusion energy
projects. For now though, the government will
keep its foot off the pedal of further nuclear
power installation. And it is difficult to see
any new nuclear units ordered, at least until the
Lungmen project is completed.

VIETNAM

Vietnam has long recognised that nuclear
power generation could serve its large
electricity needs - especially to provide
baseload capacity. Electricity demand is
growing rapidly in Vietnam - there is only 5
GWe capacity for 81 million people. An
energy plan out to 2020 includes construction
of a nuclear unit along with an increase in coal,
gas and hydro generation such that there could
be -20 GWe capacity in 2020.

The main difficulty facing nuclear power start-
up in Vietnam is the large capital cost.
Vietnam will need to negotiate a generous
financing deal with a vendor, though this is by
no means impossible. Russia may be the most
likely to agree to construct Vietnam's first
nuclear power unit, perhaps a W E R 440
MWe design. Vietnam also has rather poor
transnu'ssion infrastructure. There are
programs in place to improve the grid, albeit
slowly.

Vietnam has nuclear cooperation agreements
with India, Russia, Japan and has recently
arranged with South Korea to develop a
nuclear power outlook. Power reactor vendors
are apparently meeting in Vietnam in early
2004. A nuclear power construction project in
Vietnam seems inevitable once the funding
hurdle can be overcome.

ABBREVIATIONS

NPP: nuclear power plant
PWR/BWR: pressurised/boiling water reactor
FBR: fast breeder reactor
HTR: high temperature reactor
WER: a Russian PWR power reactor
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