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I. Overview of Nuclear Energy Activities in East Asia

Nuclear power development in most parts of the world has slowed down or stopped.

EIA “Reference” projection for global nuclear power: 



350 GWe in 1998 ( 300 GWe in 2020



(U.S. capacity cut in half, Western Europe down by 30%)

However, nuclear power capacity has grown in several East Asian countries in recent years, and this growth is projected to continue.

Plutonium Fuel Cycle

1. Along with radioactive fission products, nuclear power plants produce plutonium as a byproduct in spent fuel. 

2. The plutonium from spent nuclear reactor fuel (or “blanket” from fast breeder reactor) can be separated chemically in a procedure called “reprocessing”.

3. The plutonium can be refabricated into fresh reactor fuel: “Mixed-oxide” (MOX) fuel for thermal reactors (or metal fuel for future fast reactors.)

This allows energy content of by-product plutonium to be used, but is currently not economic due to availability of cheap uranium.  

Separated plutonium can also be used for nuclear weapons (5-10 kg Pu each) ( plutonium separation associated w/increased risk of weapons proliferation.

Some possible motivations for reprocessing:

· Energy security (extend fuel supply)

· Temporary solution to spent fuel problem

· Waste disposal advantages (controversial) 

· “Virtual” nuclear weapon capability

JAPAN
Nuclear power plants:
· 45 GWe in 1998, 30% electricity generation

· 70 GWe in 2010 (projected)

· 100 GWe in 2030 (projected)

Siting new power plants is difficult due to public distrust:
· Sodium fire, explosion, cover-up at prototype breeder reactor. (Dec. ‘95)

· Local referendum rejected new nuclear plant (Aug ‘96)

· Fire, explosion and at pilot reprocessing plant (Mar ‘97)

· Tritium releases revealed (Apr ‘97)

Spent Fuel

· ~4 years worth of storage remaining on site; 


~3 years temporary storage at Rokkasho complex.

· Utilities adding dry cask storage, two have announced plans to build their own interim storage facilities by 2010

Plutonium Program:
· European reprocessing contracts: 50 tonnes Pu by ~2004
· Rokkasho: reproc. plant 800 MT/yr under construction ~2003
· Fast Breeder Reactor: on hold
· MOX: First LWR license finally obtained. Loading expected this year. 
SOUTH KOREA

Nuclear power plants:

· 12 GWe in 1998,  35% electricity gen.  (11 PWR, 3 CANDU)      

    5.7 GWe under construction

· 26 GWe in 2010 (projected) 

Spent Fuel:

· On-site storage tight. Reracking, redistribution, dry-cask have postponed problem through 2006
Fuel cycle:

· S. Korea has sought reprocessing in past, blocked by U.S. 

· Program to recycle LWR spent fuel in CANDUs, some overlap with reprocessing. 

NORTH KOREA

· In 1993-94 violated its safeguards agreement for its research reactors. Pulled out of Nuclear Non-Proliferation Treaty (NPT).

· Separated enough Pu for perhaps a few bombs.
· Negotiated with U.S., South Korea for two 1-GWe nuclear power plants. 
· Plagued with difficulties: won’t submit all sites for inspection, economic crisis, not helped by N.Korea launching rockets toward Japan.
TAIWAN

Nuclear power plants:

· 1998 – 5.1 GWe, 26% electricity generation

· Fourth nuclear site: 2.7 GWe planned, construction to go forward this year.  Strong local opposition.

· Premier announced last May: no plans to add additional reactors before 2020.

Spent fuel/waste:

· Shortage of on-site storage for spent fuel, LLW problem too.

· Taiwan contracted with N. Korea to accept LLW in 1997; deal scrapped.

· Taiwan talking with Marshall Islands.  Full diplomatic relations established in Nov. 1998.

· Taipower reportedly offered NT3 billion (US$93 million) to any village in M.I. willing to provide a waste site.

CHINA

Nuclear power plants:

· 2.1 GWe in 1998  (~1% electricity generation)

6.2 GWe under construction: 2 CANDUs, 

                                                2 VVER-1000s, 

                                                2 Framatome PWRs   

                                                2 indigenous.

· 20 GWe in 2010 

· 50 GWe in 2020

· 150 GWe in 2050


Fuel cycle:

· Pilot reprocessing plant under construction (25 MT/yr) at Lanzhou.
· Possible 400 MT/yr facility by 2020.
· Pilot FBR under construction to turn on 2003.

OTHER COUNTRIES:



Indonesia, Philippines, Thailand…have all expressed interest in building nuclear power plants in recent years.  Unlikely in next decade.
Nuclear Capacity by Country, Official Projections (GWe):

Country
1998
2010
2020
Beyond

Japan
45.3
70

100 (2030)

S.Korea
12.0
26



N.Korea
0
2



Taiwan
5.1
8



China
2.1
20
50
150 (2050)







Total
64.5
126
?
?


Uncertainties:

· Financing, economic crisis.

· Public opposition

· Deregulation
· Slowdown in electricity demand growth in some countries 
II. Global Climate Change

What do these projections mean for East Asia’s CO2 emissions?

CHINA


2010:

Projected electricity capacity:  500-550 GWe



Projected nuclear capacity:      20 GWe 



( 4% of generating capacity

If electricity is by then 1/3 of primary energy consumption, then nuclear will account for perhaps 

( 2% of China’s primary energy consumption


2020:



50 GWe



( 3-5% of primary energy consumption


2050:



150 GWe



( 3-5% of primary energy consumption

China’s energy consumption is expected to grow too fast for nuclear power to be added such that by itself it significantly reduces CO2 emissions.

In countries where energy demand is not growing as fast, nuclear power can make a more significant contribution to CO2 emissions reductions, but other measures would also be required.

JAPAN


2030:

100 GWe of nuclear power would account for 25% of primary energy demand with “business as usual” growth

( but CO2 emissions would still be one-third higher than in 1990 if carbon-intensity of non-nuclear energy decreased only modestly.

Long term climate stabilization scenarios would have Japan cut its emissions to half the 1990 level by 2030.

Plan for meeting the Kyoto target according to one Japanese utility:
· 68% of avoided CO2 emissions coming from 

energy efficiency and “other measures” 

· 8% from alternative energy sources, and 

· 24% from 25 GWe of additional nuclear power.

GLOBALLY

1. Many different technologies would need to be researched, developed and deployed in parallel to stabilize CO2 below a doubling.

E.g. Lots of nuclear power in an otherwise “business as usual” scenario:
· Take IPCC IS92a demand projection: primary energy demand quadruples between 1990-2100. Electricity demand up by factor of 6

· Assume only modest decrease in carbon intensity of global energy mix and only modest increase in fossil electricity generation efficiency (33%( 44%) 

· Assume nuclear power is 75% of electricity by 2100, replacing coal:


1990
2025
2050
2075
2100

Primary Energy Demand (EJ)
367
474
673
958
1363

Per cap Energy Use (kW)
2.2
1.8
2.3
2.3
4.1

Electricity Demand (TWh)
10300
19800
29900
45100
68000

% Electricity from Nuclear 
19
23
34
50
75

Global Nuclear Cap. (GWe)
330
620
1300
2910
6500

Cumulative Avoided CO2 (GtC)
-
25
60
140
310

Cumulative CO2 Emissions (GtC)
-
270
520
830
1250

Annual CO2 from Energy (GtC/yr)
5.5
8
11
15
18

IPCC estimates:   1990-2100 emissions of 1250 GtC, and annual emission of 

                                      12 GtC/yr in 2100 (  stabilization at ~750 ppm in 2300.  

  1990-2100 emissions of 640-800 GtC, annual emission of       

                               3  GtC/yr in 2100 ( stabilization at  ~450 ppm in 2100.

Lower demand growth IPPC’s “Accelerated Policies” demand projection:

· Take IPCC “AP” demand projection: primary energy demand doubles between 1990-2100. Electricity demand up by factor of ~4.

· Assume only modest decrease in carbon intensity of global energy mix and only modest increase in fossil electricity generation efficiency (33%( 44%) 

· Assume nuclear power is 75% of electricity by 2100, replacing coal:


1990
2025
2050
2075
2100

Primary Energy Demand (EJ)
367
452
525
610
708

Per cap Energy Use (kW)
2.2
1.8
1.8
1.9
2.2

Electricity Demand (TWh)
10321
19900
30700
39100
44900

Global Nuclear Cap. (GWe)
330
620
1340
2510
4270

% of Electricity from Nuclear
19
23
34
50
75

Cumulative Avoided CO2 (GtC)
-
30
60
130
260

Cumulative CO2 Emissions (GtC)
-
260
470
680
890

Annual Emissions GtC/yr
6
8
8
8
8

Nuclear is making a bigger difference, but CO2 still doubles. (890 GtC 1990-2100, 8 GtC/yr in 2100 estimated to be consistent with 550 ppm in 2150).

IPCC estimates 1990-2100 emissions of 640-800 GtC, and annual emission of               

                          3 GtC/yr in 2100 for stabilization at  ~450 ppm in 2100.

This does not suggest that nuclear power cannot contribute to reducing CO2 emissions, but only that much more that an increase in nuclear power would be needed to stabilize atmospheric CO2 at, e.g., 450 ppm.

2. The “inevitability” of a significant increase in nuclear power is controversial. 

Most complete CO2 -stabilization feasibility study performed by Working Group II of IPCC: The “LESS Scenarios”



 Performed for two energy-demand projections:

1. IPCC “Accelerated Policy” projection in which energy demand doubles over the next century (per capita energy use stays constant at 2 kW.)

2. IPCC IS92a projection (energy demand quadruples)

Conclusions:

· Many plausible, cost-competitive, global energy systems could achieve stabilization near 400 ppm with relatively little nuclear energy, with a significant penetration of intermittent renewables, biomass, energy-efficient conversion technologies, and in the case of highly fossil-intensive energy systems, fuels decarbonization and sequestration.  

· All scenarios contingent on strong and sustained investments in R&D and diffusion of these technologies in the next two decades.

What about East Asia?

E.g. China has an abundance of renewable and fossil resources which could be used in a manner consistent with low CO2 emissions.  Some possibilities:

· Coal bed methane: 

~1200 EJ 


- 
33 years at present energy use rate (~35 EJ/yr)
· Can be recovered from deep, unminable coal via CO2 injection (Two moles CO2 sequestered per mole CH4 recovered.)

· Estimated COE 2-3 cents/kWh when recovered with byproduct CO2 from ammonia production.
· Natural gas: 

~40 EJ proven




 ~1300 EJ est. on land + Chinese continental shelf

· Available crop-residue:  ~6 EJ/year
· Wind: 
~250 GWe recoverable

· Greater than today’s total installed power capacity

· Baseload wind power COE est. competitive w/coal

· Recoverable hydro:  

· Large

  ~300 GWe
· Small (<25 MW)
  ~76 GWe
Longer term possibilities:  PV, tidal, plantation biomass, coal decarbonization with carbon sequestration. Other countries, esp. Korea, Japan fewer natural resources, energy security concerns. Need for nuclear may be greater. 


Were cost-competitive low-CO2 alternatives to nuclear power are available, nuclear power would need to demonstrate other significant advantages to displace them.  (Also, the alternatives will have disadvantages of their own.)

· Advantages: 

· Abundant fuel supply

· Baseload power supply

· Near-zero CO2 emissions

· No acid rain problem

· Potential constraints:

- Safety concerns; 

- Economics;

- Radioactive waste; 

- Proliferation risk.

Nuclear power research is addressing the first three constraints as they are regarded as serious barriers to public acceptance of nuclear power.   Proliferation resistance less so.

III. East Asia and Proliferation-Resistance 

  Why is nuclear proliferation a concern in East Asia?

1. Apprehension about China’s nuclear weapons capability.

2. Suspicion of Japan

· Made statement in 1970 that small, tactical nuclear weapon force would not be inconsistent with its constitution.

· Signed NPT in 1970, but didn’t manage to ratify until 1976.
· Is technologically advanced, and has enough separated Pu for thousands of weapons.
3. South Korea and Taiwan have both explored the nuclear option in the past.

· South Korea hesitated in signing NPT, has attempted to obtain reprocessing technology

· Taiwan has also sought reprocessing technology 

4. North Korea’s nuclear weapon and missile programs.

5. Conventional arms buildup (arms race?) in the region (China, Japan, Taiwan, S. Korea, Indonesia)

6. Regional friction: disputed territories, energy resources, shipping lanes.

Meanwhile:

· Increasing public opposition to nuclear power, Japan’s nuclear mishaps, and the economic crisis in Asia have created concern among many East Asian nuclear power advocates that nuclear growth may slow down, mostly due to public opposition and the spent fuel problem.

· In response to this, and also to security issues raised by nuclear power, proposals for regional nuclear cooperation began emerging (“Asiatom,” “PacAtom,” “PacificAtom,” etc.) calling for:

· Regional spent fuel management, 

· Plutonium management, 

· Nuclear safety, 

· Public acceptance, 

· Cooperative R&D, 

· regional fuel cycle centers 
· supplemental safeguards, transparency and confidence building
Interest in such an “Asiatom” organization suggests two opportunities:

1. A regional effort to try to develop nuclear plants and fuel cycles that are highly proliferation resistant, while making a regional commitment to move away from technology of high proliferation risk.

· Collective commitment from Asiatom members to develop and adopt increasingly proliferation-resistant technologies could foster confidence that none had nuclear weapons intentions.

· Need to develop robust proliferation-resistance criteria and incorporate into design goals. (e.g., simple to safeguard, low net production of fissile material, no complete separation required, non-discriminatory…)

· Present lack of R&D with proliferation-resistance a central priority.  East Asia could become the world’s leader.

Some progress: e.g. thorium cycles, long-life cores, pyroprocessing.

· Thorium cycle HTGR, LWR (U.S., Japan, China) 

Advantages: Fissile U-233 denatured by U-238; low annual Pu output 5-10 times less than uranium cycle; LWR case: poor Pu for weapons (heat and spont. fission rates ~20 times WGPu).

Remaining issues: some Pu production; HTGR begins with 20% LEU, LWR seed fuel high Pu concentration; adaptable to enhanced Pu production; HTGR may have on-line refueling.

· Long-life fast reactor cores (Japan, U.S.):

Advantages: Long core life (20-30 yrs.) ( infrequent refueling, simpler safeguards; closed cycle (Pu core) or once-through (U).

Remaining issues: high Pu inventory (2 tonnes/125 MWe); more attractive weapon Pu than from LWR.

· Pyroprocessing (U.S., Japan):

Advantages: no pure Pu streams; may be easier to safeguard; small batches--could be carried out next to reactor (no transport).

Remaining issues: adaptable to complete Pu separation?  

2. Become the first international safeguards organization to place sensitive nuclear facilities under international ownership and control.

· Idea dates back to 1946: Limited ability of conventional safeguards to prevent/promptly detect diversion, preclude “break out,” especially if materials and/or facilities for their production are nationally owned and controlled (e.g. North Korea).

· International ownership/control of sensitive technology/materials within international centers under tight security could help deny nations quick access, and deter subnational/terrorist theft.

E.g., “Regional centers” based on proliferation-resistant technologies developed through regional R&D efforts could:

· Help address concerns about regional centers becoming technology-transfer points and “training” centers for weapons-relevant technology;

· Add credibility to the regime because the technologies themselves would be intrinsically less attractive routes to weapons.

Are these two suggestions realistic?

YES: 

· Concerns raised by Japan’s plutonium program, experience with North Korea and India, suggest that:

· There is a recognition that today’s civilian nuclear technology is readily adaptable to military application;

· The existing safeguards system not entirely credible, at least as a deterrent to proliferation.

· Regional recognition of security situation: cluster of countries that have each considered nuclear weapons, lingering suspicion, have histories of aggression, potential for future conflict.

· Potential economic, political benefits as well as non-proliferation benefits, e.g. regional spent fuel storage.

NO:

· Consensus would be difficult to achieve:

· Unwillingness to give up nuclear option, unwillingness to sacrifice energy autarky, perceived loss of prestige…

· Discussing non-proliferation in East Asia makes everyone uncomfortable
· Japan sensitive to criticism of Pu program from U.S., S. Korea, China; proposing R&D into alternatives may sound like criticism

· South Korea, in the past Taiwan, sensitive to discriminatory policy of US regarding reprocessing (only Japan allowed) ( South Korea likely to insist on Pu/MOX as part of the deal.  

· Techical limitations to improved proliferation resistance
CONCLUSIONS

· East Asia appears only major, near-term developer of nuclear energy.

· But even in E. Asia nuclear power’s future maybe in question due to public opposition and waste issues (not China) as well as financing, economics.

· Nuclear power’s zero-CO2 status may be a big plus, but may not be enough given increasingly cost-competitive alternatives with potentially fewer public acceptance issues. 

· Most nuclear power R&D is aimed at addressing the economic, waste, safety issues, but proliferation resistance is a secondary priority.

· East Asia may be the only region of the world sufficiently committed to funding nuclear R&D, and experimenting with “Asiatom”-type cooperation to demonstrate significant technical and institutional non-proliferation improvements.

· Any Asiatom framework would be difficult to agree on, especially when non-proliferation is included.  Increasing sense of pessimism. 

PAGE  
22

