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						Integral TWh generated

				Imports		320		340		350		363		373		378		384

				Renewables		300		320		340		355		367		373		380

				Nuclear		290		310		320		320		327		332		340

				Gas		210		230		240		248		268		295		315

				Oil		170		122		102		92		79		74.7		50.4

				Coal		160		120		100		90		78		74		50

						1990		1995		2000		2005		2010		2015		2020

		Actual TWh generated		Total		320		340		350		363		373		378		384

						1990		1995		2000		2005		2010		2015		2020

				European Gas		40		108		138		100		65		40		24.6

				Russian Gas		0		0		0		56		124		180.3		240

				Nuclear		80		80		80		72		59		37		25

				Imports		20		20		10		8		6		5		4

				Renewables		10		10		20		35		40		41		40

				Oil		10		2		2		2		1		0.7		0.4

				Coal		160		120		100		90		78		74		50

						100		100		100		100		100		100		100

						1990		1995		2000		2005		2010		2015		2020

		%		European Gas		13		32		39		28		17		11		6

				Russian Gas		0		0		0		15		33		48		63

				Nuclear		25		24		23		20		16		10		7

				Imports		6		6		3		2		2		1		1

				Renewables		3		3		6		10		11		11		10

				Oil		3		1		1		1		0		0		0

				Coal		50		35		29		25		21		20		13

				Total		320		340		350		363		373		378		384

		Reliability				1990		1995		2000		2005		2010		2015		2020

				European Gas		40		108		138		100		65		40		24.6				three countries

				Russian Gas		0		0		0		56		124		180.3		240		Percentage of Contract Flow		0		50		100

				Nuclear		80		80		80		72		59		37		25		Frequency		0.02		0.13		0.85

				Imports		20		20		10		8		6		5		4

				Renewables		10		10		20		35		40		41		40		320		340		350		363		373		378		384		Total

				Oil		10		2		2		2		1		1		0		1990		1995		2000		2005		2010		2015		2020		year

				Coal		160		120		100		90		78		74		50		40		108		138		100		65		40		24.6		European Gas

																				0		0		0		0		56		137		185		Russian Gas

																				80		80		80		80		72		80		80		Nuclear

						1990		1995		2000		2005		2010		2015		2020																0.13

				0.85		320		340		350		363		373		378		384

				0.13		320		340		350		335		311		288		264

				0.02		320		340		350		307		249		198		144

		%		0.85		100		100		100		100		100		100		100								1990		1995		2000		2005		2010		2015		2020

		8		0.13		100.00		100.00		100.00		92.29		83.38		76.15		68.75						Twe.h total		320		340		350		363		373		378		384

		50		0.02		100.00		100.00		100.00		84.57		66.76		52.30		37.50						Current		320		340		350		307		249		197.7		144

																								%		100		100		100		85		67		52		38

						1990		1995		2000		2005		2010		2015		2020

				0.85								28		62		90.15		120								1990		1995		2000		2005		2010		2015		2020		Frequency is 0.02

				0.13								28		62		90		120						Reference case		320		340		350		307		249		197.7		144

				0.02		320		340		350		307		249		198		144						Constant Nuclear		320		340		350		307		270		241		199

				Total		320		340		350		363		373		378		384						Nuclear for Russian Gas		320		340		350		363		373		378		384

						Yamal through Russia, Ukraine and Belarus																				1990		1995		2000		2005		2010		2015		2020

						1990		1995		2000		2005		2010		2015		2020						Current		320		340		350		307		249		197.7		144

				Frequency 0.05 (0.02)/year		320		340		350		307		249		197.7		144						New Nuclear for Old		0		0		0		0		21		43		55

				Frequency 0.09 (0.13)/year								28		62		90.15		120						Nuclear Instead of Russian Gas		0		0		0		56		103		137		185

				Frequency 0.86 (0.85)/year								28		62		90.15		120

																																						37.5

				%		100		100		100		84.5730027548		66.7560321716		52.3015873016		37.5																				51.8229166667

				%
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TWh

CURRENT SCENARIO: Frequency of Availability of Sources of UK Electricity
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korea

		

																		Japan's ability to maintain economic activity and feed her population is thus dependent upon regular

																		supplies of oil from overseas, especially the Middle East.

																		Japan imports about 96% of natural gas consumed, all in the form of liquefied natural gas (LNG). A large

																		proportion of this LNG comes from Southeast Asia; 37% from Indonesia, 21% from Malaysia. LNG is used

																		mostly for electric power generation or as feedstock for petrochemical manufacture.(64)

																		Japan is by far the world's largest importer of steam coal, mainly for power generation, paper

																		pulp, and cement production. Japan also is the world's largest importer of coking coal for its

																		steel industry. Overall, Japan accounts for about 23% of total world coal imports, 131.8 million

																		tonnes in 1998. (67)

																		Japan currently generates around 10 percent of her electricity from hydropower, around 100 terawatt (1012)

																		hours (27 gigawatts, GW). There are plans to extend hydropower still further, but the limit would appear to

																		be about 140 terawatt hours, or just under 47 GW of power.(74)

																		Japan		%

																				2000		2005		2010		2015		Premium %

																		Nuclear		34		35		40		44		0

																		Coal		18		20		19		19		2

																		LNG		26		24		23		21		4

																		Oil		10		9		7		5		5

				korea		%												Hydro+Other		12		12		11		11		0

						2000		2005		2010		2015		Premium %				Total		100		100		100		100

				Nuclear		40.4		38.4		39.9		44.5		0

				Coal		35.9		37.8		37.5		34.9		2				%		2000		2005		2010		2015

				LNG		11.5		13.5		11.3		10.8		4		89		0		46		47		51		55

				Oil		10.4		8.5		8.3		7.2		5				2		18		20		19		19

				Other		1.7		1.8		3.1		2.5		0				4		26		24		23		21

				Total		99.9		100		100.1		99.9						5		10		9		7		5

																				100		100		100		100

				%		2000		2005		2010		2015

				0		42.1		40.2		43		47						%		2000		2005		2010		2015		% of time stated % generated

				2		35.9		37.8		37.5		34.9						0		100		100		100		100		89

				4		11.5		13.5		11.3		10.8						2		82		80		81		81		2

				5		10.4		8.5		8.3		7.2						4		74		76		77		79		4

																		5		90		91		93		95		5

																				100		100		100		100		89

																				2000		2005		2010		2015		% of time stated % generated

																		2		82		80		81		81		2

																		4		74		76		77		79		4

																		5		90		91		93		95		5

																		89		100		100		100		100		89

				korea		2000		2005		2010		2015						japan

				Probability														Probability		2000		2005		2010		2015

				89		100		100		100		100						89		100		100		100		100

				91		64		62		63		65						91		82		80		81		81

				95		53		49		51		54						95		56		56		58		60

				100		42		40		43		47						100		46		47		51		55

						2000		2005		2010		2015								2000		2005		2010		2015

				P = 0.89		99.9		100		100.1		99.9						P = 0.89		100		100		100		100

				P = 0.91		64		62.2		62.6		65						P = 0.91		82		80		81		81

				P = 0.95		52.5		48.7		51.3		54.2						P = 0.95		56		56		58		60

				P = 1.00		42.1		40.2		43		47						P = 1.00		46		47		51		55

						2000		2005		2010		2015

				Japan		46		47		51		55						UK		1990		1995		2000		2005		2010		2015		2020

				Korea		42.1		40.2		43		47						Twe.h total		320		340		350		363		373		378		384

				UK		100		85		67		52						Current		320		340		350		307		249		197.7		144

																		%		100		100		100		84.5730027548		66.7560321716		52.3015873016		37.5



John Gittus:
total required, read off acrobat graph

John Gittus:
Amount of electricity that will actually be generated in 2% of years. I.e. there is a 2% chance in stated year that this amount or more will be generated.

John Gittus:
it is 100% certain that UK will generate the stated percentage of its electrical capacity or more in the stated year

John Gittus:
on 89 days neither nuclear, nor coal, nor lNG nor oil nor Hydro will be interrupted

John Gittus:
On 2 days out of 100 days coal will be interrupted.

John Gittus:
On 4 days out of 100 LNG will be interrupted

John Gittus:
On 5 days out of 100 Oil will be interrupted

John Gittus:
With oil interrupted, 10% of electricity generation is halted.

John Gittus:
With no generation sources interrupted we get 100% of the electricity

John Gittus:
100% of the time 100% or less of the electricity is being generated

John Gittus:
On 100 out of 100 days there is 46% or more electricity generated

John Gittus:
on the 95 das  when the oil is on, 56% is generated, or more than 56% on days, out of the 95, when LNG and/or coal is on, too.

John Gittus:
On 95 out of 100 days, 56% or more electricity is generated.

John Gittus:
These are the days when both oil and LNG are on.

John Gittus:
on 91 days both oil and LNG are on, so they, nuclear and hydro are all generating electricity.

John Gittus:
on 89 days all fuels are on.

John Gittus:
on the 89 days when all fuels are on, we get 100% of electricity

John Gittus:
% of the time when the stated % of electricity or more is generated
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P = 0.89
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P = 0.95

P = 1.00

% of Electricity Generated

P = Probability that the Stated Percentage (Vertical Axis) of Electricity will be Generated in Stated Year in Japan.
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John Gittus:
The % that we are 100% certain to generate improves most, as we go forward from 2000 to 2015

John Gittus:
The % that we are 100% certain to generate improves most, as we go forward from 2000 to 2015
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% of Electrical Capacity actually Generated.

P = Probability that South Korea will Generate the Stated Percentage (vertical axis) of its Electricity in Stated Year

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Japan

Korea

UK

% of Electrical Capacity Actually Generated

Japan, Korea or UK Will Generate the Stated Percentage, or More, of their Electrical Capacity in Stated Year

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0

		0		0		0

		0		0		0

		0		0		0



Japan

Korea

UK

% of Electrical Capacity Generated.
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Japan, % of Electricity From Different Sources, 2000 to 2015.
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South Korea: % Electricity from Different Sources, 2000 to 2015



		

						%

						1960		1963		1969		1973		1990		1995		1996

				Oil		7						39		2				5

				Gas

				Coal		30						20		2				4

				Hydro		56						27		14		15		13

				Nuclear								14		75				78

				Other		7						7		7				0

				Total		100						100		100				100

						1960		1973		1990		1996						Nuclear		Hydro		Coal		Oil		Gas		Other				Total

				Oil		7		39		2		5				1960				56		30		7				7		1960		100

				Gas												1973		14		27		20		39				0		1973		100

				Coal		30		20		2		4				1990		75		14		2		2				7		1990		100

				Hydro		56		27		14		13				1996		78		13		0		2		3		4		1996		100

				Nuclear				14		75		78

				Other		7		7		7		0

						1960		1973		1990		1996



John Gittus:
first nuclear power station, gas graphite

John Gittus:
decision to build PWRs
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Percentages of Different Sources of French Electricity



		

						%

						Nuclear		Hydro		coal domestic		Coal imports		Oil imports		Gas imports		Other		Total

				1960				56		30		0		7				7		100

				1973		14		27		10		10		39				0		100

				1990		75		14		0		2		2				7		100

				1996		78		13		0		0		2		3		4		100

				premium

						Nuclear		Hydro		coal domestic		Coal imports		Oil imports		Gas imports		Other		Total

						0		0		0		0.05		0.05		0.05

				1960

				1973

				1990

				1996

		1960		Freq		0.05

				Loss		7

		1973		Freq		0.1		0.05

				Loss		10		39

		1990		Freq		0.1

				Loss		2

		1996		Freq		0.1

				Loss		2



John Gittus:
oil

John Gittus:
coal and oil

John Gittus:
oil



		

				no known oil or gas reserves. Yet South Korea's energy demands are huge. Consequently, South Korea imports large amounts of oil and liquid natural gas and has developed a nuclear power industry. In 1993, the sources of energy production were nuclear (32%)

				nuclear (32%), hydroelectric (10%), petroleum (22%), and coal and other sources (36%).

						%

						1993

				nuclear		32

				hydro		10

				oil		22

				coal		36

						100

				‘00 ‘05 ‘10 ‘15

				Capacity % Capacity % Capacity % Capacity %

				Nuclear 13.7 28.0 17.7 28.8 22.5 30.2 26.1 33.0

				Coal-fired 14.0 28.6 18.1 29.5 20.6 27.6 21.2 26.8

				LNG-fired 13.3 27.1 16.5 26.7 18.4 24.6 18.9 23.8

				Oil-fired 4.9 9.9 4.9 7.9 6.8 9.1 6.0 7.6

				Hydro 3.1 6.4 4.4 7.1 6.3 8.5 6.9 8.8

				TOTAL 49.0 100.0 61.6 100.0 74.6 100.0 79.1 100.0

						Seoul imported 859 million barrels of crude oil last year of which 77 per cent came from the Middle East.

						South Korea Eyes Caspian Sea as Oil Source

						Wednesday, April 17, 2002						South Korea, the world's fourth biggest importer of crude oil and oil products, is eyeing upstream investment in the oil-rich Caspian Sea to reduce its dependence on the Middle East,

						South Korea currently relies on imported liquefied natural gas (LNG) to meet its entire demand for natural gas,

						Coal supplies about 20% of South Korea's total energy requirements. Most of this coal is imported, since the only indigenous coal resources consist of low-quality anthracite used in home heating and small boilers. Bituminous coal supplies (steam coal for

				korea		%

						2000		2005		2010		2015		Premium %

				Nuclear		40.4		38.4		39.9		44.5		0

				Coal		35.9		37.8		37.5		34.9		2

				LNG		11.5		13.5		11.3		10.8		4

				Oil		10.4		8.5		8.3		7.2		5

				Other		1.7		1.8		3.1		2.5		0

				Total		100		100		100		100

				%		2000		2005		2010		2015

				0		42.1		40.2		43		47

				2		35.9		37.8		37.5		34.9

				4		11.5		13.5		11.3		10.8

				5		10.4		8.5		8.3		7.2



John Gittus:
coal from australia as politically reliable as uranium

John Gittus:
% chance of stated percentage or less being lost through political acts



		

								%

								Electricity		Electricity		Electricity		All Energy		All Energy																		All Energy		Electricity		Electricity

								1996		1999		2010		1997		1999																		2010		2010		2010

						Thermal		58		59		53.1		82.1		80																		75.1		55.4		51.47

						Coal		15		15.3		13.2		16.9		15																		14.9		15.2		14.09

						Oil		18		18.3		15.9		53.6		52												1999						47.2		16.6		15.45

						LNG		25		25.4		28.0		11.6		13						31-Mar-01		GWe		%								13		25.4		23.63

						Hydro		19		11		27.9		5.1		5.3						Hydro		26.61		14.84		11						7.5		15.6		14.47

						Other		4														Nuclear		44.92		25.06		30										- 0

						Nuclear		18		30		24.3		12.9		15						Thermal		107.71		60.09		59						17.4		34.8		32.34

						Sum		99		100		98.9		100.1		100						Total		179.23		100.00		100						100		107.6		100

						Imported								81		79																				107.6

								%

								Electricity		Electricity		Electricity		Frequency		Frequency		Frequency

								1996		1999		2010																								1990		1995		2000		2005		2010		2015		2020

						Thermal		58		59		51.5						Frequency		1995		2000		2005								2010		European Gas		40		108		138		100		65		40		24.6

						Coal		15		15.3		14.1		0.1 for the 7% from china etc		0.15		0.94		100.00		100.00		100								100.0		Russian Gas		0		0		0		56		124		180.3		240

						Oil		18		18.3		15.4		0.1		0.1		0.96		84.00		84.74		85								85.5		Nuclear		80		80		80		72		59		37		25

						LNG		25		25.4		23.6		0.1		0.05		0.98		66.00		66.43		68								70.1		Imports		20		20		10		8		6		5		4

						Hydro		19		11		14.5		0		0		100		41		41		44.0								46.5		Renewables		10		10		20		35		40		41		40

						Nuclear		22		30		32		0		0		100																Oil		10		2		2		2		1		0.7		0.4

								99		100		100																						Coal		160		120		100		90		78		74		50

																								Available, % or less

																								1995		2000		2005		2010

						100																Chance = frequency														1990		1995		2000		2005		2010		2015		2020

												6% chance of losing oil or gas or coal, leading to a loss of at least 15%										0.06		92.5		92.4		93		93.0				European Gas		12.50		31.76		39.43		27.55		17.43		10.58		6.41

												4% chance of losing oil or gas, leading to a loss of at least 18%										0.04		82		81.7		82.5		84.6				Russian Gas		- 0		- 0		- 0		15.43		33.24		47.70		62.50

												2% chance of losing gas, leading to a loss of at least 25%										0.02		75		74.6		75.4		76.4				Nuclear		25.00		23.53		22.86		19.83		15.82		9.79		6.51

						50.5																100		100		100		100		100				Imports		6.25		5.88		2.86		2.20		1.61		1.32		1.04

						6		15		15																								Renewables		3.13		2.94		5.71		9.64		10.72		10.85		10.42

						4		18		18		15																						Oil		3.13		0.59		0.57		0.55		0.27		0.19		0.10

						2		25		50.46		18																						Coal		50.00		35.29		28.57		24.79		20.91		19.58		13.02

								With Current Nuclear Capacity		With Current Nuclear Capacity Replaced by LNG										With Current Nuclear Capacity		With Current Nuclear Capacity Replaced by LNG		With Current LNG capacity replaced by nuclear		LNG,Oil & Coal Replaced by Nuclear

																		6		15		15		0		0

																		4		18		18		15		0

																		2		25		50.46		18		4

								Electricity		Electricity		Electricity						% Chance of Losing Stated % of Capacity		With Current Nuclear Capacity		With Current Nuclear Capacity Replaced by LNG														Electricity		Electricity		Electricity

								1996		1999		2010																								1996		1999		2010

						Thermal		58		59		51.47												%										Thermal		59		55		51.47

						Hydro		19		11		14.47										Hydro		14.84										Hydro		17		13		12.00

						Nuclear		22		30		32										Coal		15.3										Nuclear		23		32		34

																						Oil		18.3

																						LNG		25.4

																						Nuclear		25.06



John Gittus:
calculated from all energy figures and electricity for 1996 assumed same as 1997

John Gittus:
alternative estimate. Hydro and nuclear seem more likely so use this estimate

John Gittus:
evidently imported = thermal. That is to say all coal, oil and gas imported

John Gittus:
reduced to make it total 100%

John Gittus:
revised to make figures appear more likely



		0		0		0

		0		0		0

		0		0		0



Thermal

Hydro

Nuclear

Japan: Sources of Electricity

0

0

0

0

0

0

0

0

0



John Gittus:
frequency with which this will be interrupted for a significant period, >90 days, in one year

John Gittus:
with which this or more will be interrupted per year

John Gittus:
= frequency of LNG interruptions+Oil interruptions+interruptions of the half of their coal that comes from unreliable countries like china.

John Gittus:
frequency with which we shall have

John Gittus:
=1996

John Gittus:
=1999

John Gittus:
interpolated

John Gittus:
frequency with which this percentage of supply will be attained. Assumes premium = 2% for oil, gas and chinese coal

John Gittus:
assumes political risk premium for middle east countries that supply oil = that for malaysia etc that supply gas = that for the countries that supply half the coal, china etc = 2% or 0.02

John Gittus:
interpolated

John Gittus:
actual

John Gittus:
deduced

John Gittus:
figures below are OK since they depend on percentages of oil, coal and gas, which add up to 60% and are confirmed by the above-right figures

John Gittus:
supposing nuclear abandoned and replaced by LNG, there is now a 2% chance of losing 50.46% of electricity

With Current Nuclear Capacity

With Current Nuclear Capacity Replaced by LNG

With Current LNG capacity replaced by nuclear

LNG,Oil & Coal Replaced by Nuclear

Chance of Losing the Stated Percentage of Electricity Generating Capacity

% of Capacity Lost for Several Months

% Chance of Losing Various Percentages of Japan's Electricity Generating Capacity

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

John Gittus:
correct figures, showing correct % nuclear

Composition Ratio of Generated Electricity
by Fuel for Ten Companies, Wholesale Electric
Utilities, Wholesale Suppliers and Others
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Soucos: Long-Term Eiec Power Facities Develpmont Plan
and others.






Table 2. Generation mix

(at the end of the target year)

“05 ‘10 ‘15

Capacity | % | Capacity[ % | Capacity [ % | Capacity] %

Nuclear 137280 177 [ 088 25 [ 302 330
Coal-fired 130 [ 280 8.1 205 306|070 36,5
LNGfired | 133 65 | 207 54 [ 240 BER]
Oil-fired 10 00 79 70 [ 76
Hydro 31 64 13 7T 63 55 58
TOTAL 490 lrooo| 616 Jso0o| 746 1000 100.0







Table 4. Production of electricity (TWh)
00 05 0 15
Prod. | % | Prod. | % | Pred | % | Prod. | %
Nuclear 012 | 704 | 1204 [ 387 1532 [390 | 1001 | #45
EIO A R 75| 0 | 40
288 | 5| das [ 35| B33 73| 463 | 70w
I T T 517 83 307 | 72
Others™" 44 77 [ 75 119 ] 107 2
TOTAL | 2506 | 700.0] 3295 | 1000 ] 3842 [100.0] 4368 [ 1000

1 Hydro. Pumped storage, Wind power, Photovoltaic and so on







Composition Ratio of Generating Plant Capacity
by Fuel for Ten Companies, Wholesale Electric
Utliaes, ¥holesale Suppliers and Oigrs
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