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Results of the 20t century

7.06+09 1 population
6.0E+09 -

5.0E+09 -

4.0E+09 -

3.0E+09
2.0E+09 /

1.0E+Q9 -

0.0E+00

e

1900 1920 1940

1960 1980 2000

In the beginning of the 21t century the main
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problem, fast energy rate growth, has visualized.
1990-2000 - 1.2% a year

2001-2005 - 2.3% a year!
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Inte

Two reasons of energy
consumption growth.
1. Growth of the Earth population.
2. Alignment of energy consumption

between developed and less
developed countries.
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1.Growth of the Earth population.

=
S
.C\_E/
c
S
IS
E
Q.
[e]
o
'E
S
=
4 L
®IIASA  HIPCCAL AIPCCA2 AIPCCBlL XIOECB2 @TOTAL +SHELL ©OWETO OIEA ©IEO
2
0 ‘ ; ‘ ; ‘ ; ‘ ; ‘ ; ‘ ; ‘ ; ‘ ; ;
2(000 O 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

The most probable estimation in 2050 is that there

O billions pupil will live on the Earth. Energy
production must be increased in 1.5 times.
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2.Alignment of energy consumption between
developed and less developed countries.
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Alignment of energy consumption will require to increase energy production
in 3 times
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Balance of energy resources
(the most optimistic)

Total primary energy supply, Mtoe
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Scale of the 215t century

By 2100 the population of the Earth will become about 12
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Innovation of energy technologies
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Modern of energy technologies

International Symposium Nuclear Nonproliferation and Peaceful Use of Nuclear Energy (JAEA Symposium/JIIA Forum), Tokyo, 2007




$/harrel

Energy resources price growth
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All energy sources prices feel torceful growth
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Electricity price
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The new economic situation increases nuclear
energy attraction and widens its facilities
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Fuel Cycle of NE

Closed Fuel Cycle: Fast Burner Reactors (BR=0.1)

Natural uranium consumption by 2100 — 29 million tons
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Fuel Cycle of NE

Closed Fuel Cycle: “High” Breeders (BR=1.6)

Natural uranium consumption by 2100 — 12 million tons
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Basic Fuel Cycle Parameters for VVarious Scenarios
OPC - Open Fuel Cycle, CPC- closed fuel cycle

Natural U demand, million tons Maximum SWU, tly
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Closed fuel cycle based on fast reactors with breeding solves the
problem of natural uranium limitation
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Development of Thorium Fuel Cycle Since 2050

Natural uranium consumption by 2100 — 11 million tons

Electnicity Capaciti, G'Ww 5
6000 I I 2 =10 SwWU natural U & Th, tfyear
| |
I FER-Th p—

5000 || HEEN VVER-1000s 184 " Ywu S haien

HTGR-U3 —— Th .{ N

LWR 1.6 — ); u‘L
4000 HTGR-U 1.4 YO IR Cal .

FER 1.2 / .! M, \
: 717 Y
2000 0.8 'J/

0 S h\

1000 04 [! " A\Y

1980 2000 2020 2040 2060 2080 2100 .
Pu consumption, t/year

. 10000
7 ﬂl] Recycling.r/ron 9000
. Fast reactor fuel reprocessing P 2000 //
/ 7000 /
L
. . s 6000
Thorium fuel reprocessing /]
44— / 5000 /
3 4000 /
” ,/ / 2000
e i "4 A
1 ]
——— 1000 e
. //'_,_.. ,/ \
1980 2000 2020 2040 2060 2080 2100 0

1980 2000 2020 2040 2060 2080 2100

Thorium fuel cycle expands resource base of nuclear energy in many times.

It extends nuclear energy using also and for non-electric purposes.
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Nuclear energy risk potential for non-proliferation
purposes in dependence on its structure.

Fissile Material (Pu+U-235) Production in Nuclear Energy System

Burner BR=16
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The capability of fissile materials producing, which could be
used for military purposes, insignificantly depends on the
nuclear power structure

International Symposium Nuclear Nonproliferation and Peaceful Use of Nuclear Energy (JAEA Symposium/JIIA Forum), Tokyo, 2007



Uranium

fuel

International Nuclear Fuel Cycle Centers

NPP _
Reactor leasing
MOX fuel
MOX fuel Al FR Storage of
fabrication ! SNF (FR)
Depleted w
uranium SNF Radwaste
reprocessing isolation
I
SNF (LWR
( ) Storage of SNF SNF (LWR) SNFE
(LWR) (LWR)
Uranium Uranium Storage of
fuel : depleted
o enrichment .
fabrication uranium
Natural t ranium
2015r 2025r

International Symposium Nuclear Nonproliferation and Peaceful Use of Nuclear Energy (JAEA Symposium/JIIA Forum), To o, 2007




Production and
trans-regional
flows of fresh and
Irradiated nuclear
fuel by 2050

t/year, N=2000 GW,
“traditional” model

Developed countries

Developing countries

NF SNF NF SNF
Production in
2005 16 000 4 800 5 000 1100
Production in
2050 36 000 29 000 12 000 9 000
Flows of 2005 11 000 9 000
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Structure of

Electric capacities, GW

Inc. Power system TPP Hydro NPP
Centre 34.6 2.3 11.8
Middle Volga 13.6 6.2 4.1
Ural 39.8 1.8 0.6
North-west 11.8 2.9 5.8
Northern Caucasus 9.7 5.4 1 .
Siberia 236 .| 223 i
East

Inc. Power

system X

Centre L :
Middle Volga 91 8 1
Ural 76 7 17
North-west 56 25 19

Northern Caucasus 70 10 20

Siberia 6 4 90
East 5 9 86
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Three stages of development of Russian NE

Nuclear Power. GW
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| -restoration of the Industry, II- development of fast reactors and the
closed fuel cycle, llI- construction large-scale of NE.
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Intellect — human + machine,
management +controlling,
prediction modeling




