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() The Limits to Oil

We can predict the amount of remaining oil

o from the decline of aging fields. . ---from the diminishing returns on explaration in larger reglons. ..
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What we learnt last lecture

+ There are strong indications that global war‘ming{is
happening, and that CO2 and a range of other GHGs
are responsible

+ Humanity is regarded by the mcjori‘?' of scientists as
being a major cause of over-forcing the system

+ Oil and gas underlie our society in all aspects and
underpins the population.

+ There possible non-biotic source for hydrocarbons,
but big consensus believes them to be

a) rare
b) in decline
c) increasingly consolidated in fewer and fewer locations.




Exercise

* Hypothesise the discovery of a new
North Sea Oil field

* Calculate how far back (in years) the
peak of global oil would be set.

+ Assume Gaussian production curve

The Science of Global Warming
may still have surprises

Nature 439, 187-191 (12 January 2006) | doi:10.1038/nature04420
Methane emissions from terrestrial plants under aerobic conditions
Frank Keppler, John T. 6. Hamilton, Marc Bra and Thomas Réckmann

‘Methane is an important greenhouse gas and its atmospheric
concentration has almost tripled since pre-industrial times

It plays a central role in atmospheric oxidation chemistry and

aﬂyec*rs stratospheric ozone and water vapour levels. Most of the
methane from natural sources in Earth's atmosphere is thought to
originate from biological processes in anoxic environments. Here
we demonstrate using stable carbon isotopes that methane is
readily formed /n sifuin terrestrial plants under oxic conditions
by a hitherto unrecognized process.

Keppler et a/

Significant methane emissions from both intact plants
and detached leaves were observed during incubation
experiments in the laboratory and in the ?ield. If our
measurements are typical for short-lived biomass and
scaled on a global basis, we estimate a methane
source strength of 62-236 Tg yr! for living plants
and 1-7 Tg yr! for plant litter (1 Tg = 1012 g).

We suggest that this newly identified source may have
important implications for the global methane budget
and may call for a reconsiderafion of the role of
natural methane sources in past climate change'.
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() The Contrarian View

Why did the dinosaurs all die in Saudi Arabia?
(Tommy Gold)

The case for Abiotic Oil
Hydrocarbons, as oil, gas and coal are called, occur on
many other planetary bodies. They are a common
substance in the universe. You find it in the kind of
gas clouds that made systems like our solar system.
ou find large quantities of hydrocarbons in them.

Is it reasonable to think that our little Earth, one of
the planets, contains oil and gas for reasons that are
all its own and that these other bodies have it
because it was built intfo them when they were born?

+http://www.wired.com/wired/archive/8.07/gold pr.html

+http://www.gasresources.net/




0 Abiotic Ol

For almost a century, various predictions have been made that the human race is
imminently going to run out of available retrulaum. The passing of time has proven
all those predictions to have been utterly wrong. It is pointed out here how all such
predictions have depended fundamentally upon an archaic hypothesis from the 18th
century that petroleum somehow (miraculously) evolves from biological detritus,
and is accordingly limited in abundance. That hypothesis has been replaced during
the past forty years b\A the modern Russian-Ukrainian theory of deep, abiotic
petroleum origins which has established that petroleum is a primordial material
erupted from'great depth.

Therefore, petroleum abundances are limited by little more than the quantities of its
constifuents as were incorporated into the Earth at the time of its formation; and
its availability depends upon technological development and exploration competence.

Statistical thermodynamic analysis has established clearly that hydrocarbon molecules
which comprise petroleum require very high pressures for their spontaneous
formation, comparable to the pressures required for the same of diamond. In that
sense, hydrocarbon molecules are the hi%h-pr‘essur‘e polymorphs of the reduced
carbon system as is diamond of elemental carbon. An{‘nuﬁon which might suggest
that hydrocarbon molecules spontaneously evolve in the regimes of temperafire
and pressure characterized by the near-surface of the Earth, which are the
r'egimdes of methane creation and hydrocarbon destruction, does not even deserve
consideration.

Professor Emmanuil B. Chekaliuk, at All-Union Conference on Petroleum and Petroleum Geology,
Moscow, 1968

See also the extremely interesting The Deep Hot Biosphere : The Myth of Fossil Fuels
Panerhack) Tammy Gald Freeman Dysan

Carbon Content of fuels

bioenergy feedstocks: approx. 50% for woody crops
or wood waste;
approx. 45% for graminaceous (grass) crops or agricultural residues

toal (average) = 25.4 metric tonnes carbon per terajoule (TJ)
1.0 metric tonne coal = 746 kg carbon

bil (average) = 19.9 metric tonnes carbon / TJ
1.0 US gallon gasoline (0.833 Imperial gallon, 3.79 liter) = 2.42 kg carbon
1.0 US gallon diesel/fuel oil (0.833 Imperial gallon, 3.79 liter) = 2.77 kg carlf

hatural gas (methane) = 14.4 metric tonnes carbon / TJ
1.0 cubic meter natural gas (methane) = 0.49 kg carbon

Hydrogen (not a fuel, but a vector): 0% excluding production, transport

Total Energy Use

+ In 1996 the total ener?y used in the world was 8380
mtoe (million tons of oil equivalent) which is about 400
million terajoules = 400 ExaJoules (EJ)= 4 x 102 J.

+ Averaged over a year that's about 12TW

+ The growth of the amount of energy used has been very

rapid. It can been expressed as the product of two
factors, the growth in the population and the growth in
the ener K used per person. It can be seen that it is
the gro

will be the driving Torce iisi*¢ " than the popiil
increase. "
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orld Total Primary Energy C ion by Region, Case, 1990-2025 illion Btu)
1990 2001 2002 2010 2015 2020 2025

Mnal Energy Outlook 2005  Report #: DOE/EIA-0484(2005) Released Date: July 2005
e l

Mature Market Economies

North America 1.4 100.9 115.2 117.7 134.2 143.6 152.9 162.1
United States 1.3 846 96.3 98.0 1106 117.6 1251 1324
114 12.8 13.1 15.6 16.9 178 188
Mexico 2.2 5.1 6.1 6.6 8.0 9.1 10.0 10.9
Western Europe 0.5 59.9 68.0 67.4 70.2 72.2 734 76.1
Mature Market Asia 0.7 227 28.0 284 304 315 325 336
Japan 0.5 18.3 21.9 22,0 229 236 24.1 24.7
Australia/New Zealand 1.4 45 6.1 65 75 7.9 8.4 858
Total Mature Market 1.1 183.6 211.2 2135 234.7 2473 258.7 271.8
Transitional Economies
Former Soviet Union 16 60.9 42,0 424 49.7 53.9 57.2 61.0
Russia 1.4 39.1 27.7 275 313 335 357 37.9
Other FSU 1.9 21.8 14.3 14.9 18.4 204 215 231
Eastern Europe 1.7 153 1.4 1.2 133 145 156 16.7
Total Transitional 1.6 76.2 53.4 53.6 63.0 68.4 72.8 777
Emerging Economies
Emerging Asia 35 515 84.7 88.4 133.6 155.8 176.3 196.7
China 4.1 27.0 40.9 432 731 86.1 97.7 109.2
India 33 8.0 138 14.0 19.6 227 26.0 29.3
South Korea 2.1 38 8.0 8.4 10.6 11.8 127 135
Other Asia 2.9 127 219 229 303 351 39.9 446
Middle East 2.5 13.1 20.9 22,0 28.7 324 356 38.9
Africa 2.7 9.3 125 127 16.7 19.3 214 234
Central and South America 2.3 145 212 212 26.8 304 332 36.1
razil 25 58 8.4 86 10.2 116 13.2 15.1
Other Central/South America 2.3 88 127 126 16.6 18.8 20.0 211
Total Emerging 3.2 88.4 139.2 144.3 205.8 237.8 266.6 295.1
Total World 2.0 3482 4039 4115 5035 5535  598.1 644.6

Units

WATT A metric unit used o measure the rate of energy generation or
consumption. One horsepower is equal to 746 watts.

MEGAWATT 10¢ W (MW) Gigawatt 10° W (6W) Common measure of
generating capacity for lur;x/e power plants. Typical windmill = 2MW. Typical
nuclear power station - 16

JOULE one watt of power operating for one second.

KILOWATT-HOUR (kWh) A unit of energy equal to 3.6 million joules. It is
I‘he amount of energy generated by a one-kilowatt source operafing for one
our.

metric ton of coal equivalent (U.

therefore one petajoule is equivalent to about 3 ns of coal.

PREFIXES:

- giga -- One billion (or 10%)
tera -- One trillion (or 10%2)
peta -- One thousand trillion (or 1015)
exa -- One million million (or 1018)

PETAJOULE Energy use on a Iar,‘ge scale is of fen measured in petajoules. One
. standard) is Tgroximutely 9 billion joules,
,500 metric to

[>Aumbers and Conversion factors

1 British thermal unit (Btu) =1055.05585 joules (J)

1 calorie (cal) =4.184 joules iJ)

Quad 1 Quadrillion BTU = 10% Btu= 1.055 exa (108) J
+ 1exa (108) joule = 0.9478 quadrillion (10%%) Bty
+ 1 Ton of oil equivalent (toe) =40 MBtu=426J

1 barrel(42 gallons) of crude oil 5 800 000 Btu

1 gallon of gasoline = 124 000 Btu
1 gallon of heating oil or diesel fuel =139 000 Btu
1 cubic foot of natural gas =1026 Btu

1 therm =100 000 Btu

1 gallon of propane

1000 Btu
1 short ton of coal 20 681 000 Btu

1 kilowatthour of electricity = 3412 Btu=3.61x 1007
1TW over one year =876 x10%7J
1EJ inayear =0.0317 TW (3600/24/7/52)

Current Burn Rate = 12.8TW




Numbers and Conversion Factors
+ 1 million barrel of crude oil per day (bbl/day)

= IMBPD

= 5.8 x 102 Btu per day
=80m tons coal per year
=1/5 ton per year UO,

=223 x EJ/year

Raila S Conversions

Product

Unit Equivalent
Liquid Fuels
42 U.S. gallons 1barrel
1 cubic meter 6.289 barrels
159 liters 1barrel
Gaseous Fuels
35.315 cubic feet 1 cubic meter
Liquefied Natural Gas (LNG)
1 metric ton 48,700 cubic feet of natural gas
Solid Fuels
1 long ton 1.120 short fons
1 metric ton 1.10231136 short tons

What will fill in the missing
energy?

+ Within our lifetimes, energy consumption will
increase at least two-fold, ¥rom our current
burn rate of 12.8 TW to0 20 - 30 TW by 2050

* The challengg for science is to meet this
energy need in a secure, sustainable and
environmentally responsible way.

Where does that 30TW come from?

International energy consumption in 1998:
population(m) KWh/ year/capita
4.42

Norway 25304

Canada 30.30 16349

Sweden 8.85 15492

USA 269.09 13388 Postulate population of
Japan 126.49 8008 10bn each using 10,000
France 58.85 7175  kW/h per year

UK 59.24 5800

Saudi Arabia 20.74 5153 =1.141 kW each
Russia 14691 4873 =1.14x10"W

S. Africa 41.40 4509 =11TW

Brazil 165.87 1850

Mexico 95.68 1644

Turkey 64.75 1439

Egypt 61.67 900

China 1238.60 871

India 979.67 415

Sudan 28.35 47

@lal Primary Energy Consumption by Region, Reference Case, 1990-2025
eyfidxple AV)

1990 2001 2002 2010 2015 2020 2025

Mature Market Economies

North America 1.4 34 39 39 45 48 5.1 5.4
United States
13 28 32 33 a7 39 42 44
Ganada 1.6 04 04 04 05 06 06 06
Mexico
22 02 02 02 03 03 03 04
Western Europe 0.5 20 23 23 23 24 25 25
Mature Market Asia 0.7 08 09 1.0 1.0 11 11 11
Japan 0.5 06 07 07 08 08 08 08
Australia/New Zealand 1.4 0.2 0.2 0.2 03 03 03 03

Total Mature
Market 11 6.1 71 71 7.9 83 8.7 9.1

%\Qnsitional Economies
< Former Soviet Union1.6

2.0 1.4 1.4 1.7 1.8 1.9 2.0
Russia 1.4 1.3 09 0.9 1.0 1.4 1.2 1.3
Other FSU 1.9 07 05 0.5 0.6 0.7 0.7 0.8
Eastern Europe 1.7 05 04 0.4 0.4 0.5 0.5 0.6
Total Transitional 1.6 2.5 1.8 1.8 241 23 24 2.6
Emerging Economies
Emerging Asia 3.5 1.7 2.8 3.0 45 5.2 5.9 6.6
hina 41 0.9 1.4 1.4 24 29 3.3 3.7
India 3.3 0.3 0.5 0.5 0.7 0.8 0.9 1.0
South Korea 2.1 0.1 0.3 0.3 0.4 0.4 0.4 0.5
Other Asia 2.9 0.4 0.7 0.8 1.0 1.2 1.3 15
Middle East 2.5 0.4 0.7 0.7 1.0 1.1 1.2 1.3
Africa 2.7 0.3 0.2 0.3 0.3 0.3 0.4 0.4
Cent.and SAm.23 0.5 0.7 0.7 0.9 1.0 11 1.2
Brazil 0.2 0.3 0.3 0.3 0.4 0.4 0.5
Other Cen/SAm 2.3 0.3 0.4 0.4 0.6 0.6 0.7 0.7
Total Emerging 3.2 3.0 4.7 4.8 6.9 8.0 8.9 9.9

« Total World 2.0 116 135 138 16.8 185 20.0 ?VL.G




What did we learn last lecture?

*+ Numbers: 80m bbl/day = 30bn bbl /year
= 6400 tons coal /year
=16 tons UO2 /year
=178.4 EJ /year
=57 TW over a year
= 44.5% total energy usage

Units (use TW and EJ converting from non-ST units)

*+ Maybe there is non-biotic hydrocarbon genesis but it
does not alter hydrocarbon scarcity issue if costs are
taken into account (why is that?)

+ World uses 12.8TW, but needs 20-30TW by 2025

No single source can supply that yet

@More on that crazy hydrocarbon genesis proposal...

The spontaneous genesis of hydrocarbons that comprise natural
petroleum have been analyzed by chemical thermodynamic-
stability theory. The constraints imposed on chemical evolution by
the second law of thermodynamics are briefly reviewed, and the
effective prohibition of transformation, in the regime of
temperatures and pressures characteristic of the near-surface
crust of the Earth, of biological molecules into hydrocarbon
molecules heavier than methane is recognized.

For the theoretical analysis of this phenomenon, a general, first-
pr'incgales equation of state has been developed by extending
scaled particle theory and by using the technique of the factored

artition function of the simplified perturbed hard-chain theory.

he chemical potentials and the respective thermodynamic
Affinity have been calculated for typical components of the H-C
sgsfem over a range of pressures between 1 and 100 kbar (1
kbar 5 100 MPa) and at temperatures consistent with those of
the depths of the Earth at such pressures.

The evolution of multicomponent systems at high pressures: VI. The thermodynamic stability of the
hydrogen-carbon system: The genesis of hydrocarbons and the origin of petroleum

J. F. Kenneyt#§, Vladimir A. Kutcherovd), Nikolai A. Bendelianii, and Vladimir A. Alekseevi

exafidgple

More on that crazy hydrocarbon genesis proposal....

. e theoretical analyses establish that the normal alkanes, the

homologous hydrocarbon groug ?(E lowest chemical potential, evolve onl|

at pressures greater than '3

ar, excepting only the lightest,
methane.

The pressure of 30 kbar corresponds to depths of 100 km. For

experimental verification of the predictions of the theoretical

analysis, a special high-pressure apparatus has been designed that
ermits investigations af pressures to 50 kbar and temperatures to

,500°C and dlso allows rapid cooling while maintaining high pressures

The high-pressure genesis of petroleum hydrocarbons™has been
demonstrated using only the reagents solid iron oxide, FeO, and
marble, CaCO3, 99.9% pure and wet with triple distilled water.

® depthitm

The evolution of multicomponent systems at s: VL. The thermodynamic stability of the hydrogen-
carbon system: The genesis of hydrocarbons and the origin of petroleum

J. F. KenneytS, Viadimir A. Kutcherovd], Nikolai A. Bendelianii, and Viadimir A. Alekseevi

Where is this to come from?

From biomass, 7 - 10 TW:

This is the maximum amount of biomass energy
available from the entire agricultural land
mass of the planet.

From nuclear, 8 TW:

To deliver this TW value with nuclear energy
will require the construction of 8000 new
nuclear power plants. Over the next 45 years,
this would require the construction of one
new nuclear power plant every two days.

Powering the Planet: the Challenge for Science in the 21st Century - Professor Daniel Nocera

25 January 2006 17:30 - 25 January 2006 18:30
Loca 16 loxandar EL Build

Where is this to come from?

From wind, 2.1 TW:

This energy is harvested by saturating the
entire class 3 (the wind speed required for
sustainable energ generation, 5.1 m/s at 10 m
above the groun }/and greater global land
mass with wind mills.

From hydroelectric, 0.7 - 2.0 TW:

This energy is achieved by placing dams in all
remaining rivers on the earth.

Powering the Planet: the Challenge for Science in the 21st Century - Professor Daniel Nocera
25 January 2006 17:30 - 25 January 2006 18:30
Location: G16, Sir Alexander Fleming Building

%\@nder the untenable scenarios of the bulleted
points listed above, an energy supply for 2050
is barely attained. The message is pret
clear. The additional energy needed for 2050,
over the current 12.8 TWenergy base, is
simply not attainable from long discussed
sources - the g}l\obal appetite for energy is
simply too much.

+ Petroleum-based fuel sources (i.e., coal, oil
and gas) could be increased. However,
deleterious consequences resulting from
external drivers of economy, the environment,
andéglobal security dictate that this energy
need be met by renewable and sustainable

sources.

Powering the Planet: the Challenge for Science in the 21st Century - Professor Daniel Nocera
25 January 2006 17:30 - 25 January 2006 18:30

Location: G16, Sir Alexander Fleming Building
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OIL AND GAS LIQUIDS
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What is the hydrocarbon equivalent?

World consumes 80m bbl/day=29bn bbl/year (= 29 BBPD
= 4.64 x 10 Btu per day
=6400m tons coal per year
=40 ton per year UO,
= 178.4 x EJ/year equivalent to 5.6 TW

To match needs, hydrocarbon production must
grow by over 6% per year

(Prove this)

% The Role of Giant Fields

Liquids Field Size Distribution in 12,465 Oil-dominant Discoveries to End-2003
(excludes USA and Canada)
Million Barrels Liquids
80,000

ISD'/- of all discovered liquids in 53 super-giant fields greater than 5 billion bbl oil

10% of liquids in 54 fields between 2.2 and 5.0 billion bbl ofl, averaging 3.417 billion bbl
/ 10% of liquids in 119 fieids between 1.0 and 2.2 billion bb oil, averaging 1,473 billion bbl

' ' ' ' '
40% of liquids in 298 fields between 383 and 1,000 million bbl oil, averaging 584 million bbl

0% of liquids in 799 fields between 130 and 383 million bbl oil, averaging 218.76 million bbl

[ — 40%of liquids in 11,151 fields below 130 million bl oil, averaging 16.67 million bbl

=5 Ho ENCRGY.

exafningple

Total energy costs

+ Nuclear power is currently one of the most expensive forms
of electricity:

Source of energy Cost per kilowatt-hour

+ Energy Efficiency 0-5 cents

+ Hydroelectric 2-8 cents
Coal 5-6 cents

+ Wind 5-8 cents

+ Qil 6-8 cents
Solar Thermal 9 cents

+ Nuclear 10-12 cents

+ Solar Photovoltaic 15-20 cents

These numbers are aggregated over many sources and will be challenged
in subsequent lectures. In particular, ‘total costs' are rarely that.

Energy Return on Investment

The EROL is the ratio of the gross energy extracted to the energy
used in the extraction process itself.

The EROT hunting and gathering is 10 to 20.

Agriculture requires greater inputs of energ?l compared to hunting and
gathering, so EROI for agriculture often less than that for hunting
and gathering... but agriculture allows greater density of population
and economic displacement activities - allowing greater energy
inputs and greater energy surplus.

Energy efficiency of service industries can be far higher than that of

manufacturing, so as societies mature, energy density can decrease...

Energy Quality - an example

The amount of solar energ;t intercepted by the Earth every minute is greater
than the amount of fossil"fuel the world uses every year. (prove it)

Tropical oceans absorb 530 EJ of solar energy each year, equivalent to 1,600
times the world's annual energy use. (prove /‘J

Annual photosynthesis by the vegetation in the Unites States is 49.58E7,
equivalent to nearly 60% of the USA's annual fossil fuel use. The land area of
the lower 48 United States intercepts 49485EJ per year, = 500 times of
the USA’s annual energy use.

But absorbed energy is 0.006EJ per hectare per year.

Bufg:lan’rs, on average, capture only about 0.1% of the solar energy reaching the
arth. This means that the actual plant biomass production in"the United
States is just 6.18 x 10'3 J per hectare per year.

In contrast to its vast quantity, the quality of solar energy is low




So in trying to solve the 3 ‘perfect storm’ issues
+ We must look at globally applicable solutions

+ Apply a full lifetime economic costs
- R&D costs honestly amortised
- Capital cost honestly amortised
- Fuel costs honestly calculated

- O&M costs with real (hot wishful) numbers including cost of
pollution associated

- Cost of post-operation : decommissioning, fuel storage etc

+ So for solar cells, we must understand the full EROI by
including production costs ($ and EJ)

* For nuclear, we must apply full reprocessing, storage etc
We must also internalise reasonable insurance costs
* And costs of instability/ dependency on too few sources

| Biomass - and other renewables |

ethanol Ofl eLr |
er le

biomass \/ -

uranium

Biomass

At present 10.4 % of the total land area or 2.95 % of the total
terrestrial ?Iobe surface are cultivated. Accor‘digg to Food and
Agricultural Organisation data of the UNO (F.A.O.) the world's
land reserves accounts for 13.4 billion hectares.

Out of them:

Cultivated areas (arable land and plantations) account for about
1.5 billion hectares (11 %);

Pastures account for 3.2 billion hectares - 24 %;
Forest and shrubs account for 4.1 billion hectares (41 %);

Other lands (sands, stone space, lands intended for building )
account for 4.4 billion hectares (34 %)

Let's assume 10bn Ha are available, ignoring need for food

=1 x 10* m? If we convert all sunlight to biomass, we get about
2 x 1016W = 20,000TW....however...that is not feasible.

If photosynthesis efficiency is 0.1% and we can spare 1%
‘forest+ scrub’ for biomass we get (what? Calculate it!) in
electrical power....See Nelson lectures.

| Biomass - and other renewables |

uranium

Energy distribution infrastructure indus{ry
will need to change radically

This must be included in proper assessment of costs

Biomass in the US

US Petroleum Imports Current: 25 EJ 2020 (AEO): 38 EJ

Biomass production example
Land Area: All Conservation Reserve Program Lands
Biomass Production: 1.3 - 2.0 EJ switchgrass =0.04- 0.06TW over the year

Biofuel production
Biomass Input: 2.0 EJ switchgrass = 0.06 TW over the year

Ethanol Production: 1 EJ = 0.03TW over the year

1EJis

59 million tonnes switchgrass
2,500 million bushels of corn)

~160 million barrels of oil (boe)

8.2 billion US gallons gasoline (LHV)

12.5 billion US gallons ethanol (LHV)

Adapted from: Steven Smith JGCRI - College Park, MD
April 2004 6CEP Energy Workshop, Stanford, (source: ORECCL Database)
And 2010 ethanol technology: NREL, Golden Colorado

@ To go beyond 1-2 EJ /year cuts into farmland

100%

o
a2
&

% of US Cropland




.>Nuclear Power around the world

Nuclear Power (1993)
Country Nuclear as Percentage of Gross Electricity Generation (rounded)
Gross Electricity Generation (million kWh)  Gross Capacity (MW)

France 78% 368,188 59,020
Belgium 60% 41,927 5,485
Sweden 43% 61,395 9,912
Spain 36% 56,060 7,020
S. Korea 36% 58,138 7,616
Ukraine 33% 75,243 12,818
Germany 29% 153,476 22,657
Japan 28% 249,256 38,541
United Kingdom 28% 89,353 11,894
United States  19% 610,365 99,061
Canada 18% 94,823 15,437
Russia 12% 119,186 21,242
World Totals* 18% 2,167,515 340,911

* World totals include countries not individually listed. Source: Energy Studies
Yearbook: 1993 (New York: United Nations, 1995).

The key graph for nuclear physics
binding energy in MeV/nucleon
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Fission neutron yield

The number of neutrons given off determines if a given
process can be self-perpetuating.

O't, fission cross section in barns
'V, mean number of neutrons emitted per fission
s
M5 mean number of neutrons emitted per n absorbed

ﬁ, fraction of delayed neutrons

233y 528 2.48 227 0.0027
235U 569 2.42 2.06 0.0065
23%Py 785 2.86 2.06 0.0022
24Py 1060 292 217 0.0054

*Auclear industry still in state of
denial - but this is changing

World Primary Energy Supply by Fuel
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The nuclear industry

The current role of Nirex in providing conditioning and packaging
advice to the nuclear industry

%\9 Summary of present and proposed methods of treating nuclear wastes.
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CERN, Los Alamos approach Bdish, French, Japanese approach US approach.

Puro-processing

) Costs

As efficiency changes became institutionalized in utility
programs, O&M costs stabilized. Average O&M costs for
nuclear plants—measured in 1998 dollars—were

1.83 cents/kWh in 1990,
1.44 cents in 1995 and
1.35 cents in 1998 (latest data available),

based on figures from the Utility Data Institute. With
average production costs—O&M plus fuel—of 2.13
cents/kWh in 1998, nuclear is only marginally more costly
than coal at 2.07 cents/kWh, and considerably less
expensive than natural gas at 3.30 cents/kWh and oil at
3.24 cents/kWh.

economics

Cost Comparison for Nuclear vs. Coal
To accurately compare the cost of nuclear against coal, include the following
costs:

Fuel costs

Costs associated with the fuel used in the production of energy.

For a nuclear plant, these tend to be lower even though the following steps occur
in the production of the fuel assemblies used in the reactor:

mining of the uranium ore,

conversion to U;Og (uranium oxide - yellowcake form),

conversion to uranium hexafluoride,

enrichment from 0.7% U235 to 2-5% U235,

conversion to uranium dioxide (UO,) pellets,

loading of the pellets into rods, then into fuel assemblies.
Transportation costs are high for coal because of the amount of material
needed to generate the same energy as the nuclear fuel.

Nooh,wn

Ignores the estimated $1 per W installed subsidy....

Economics
Waste-Related Costs

The costs associated with the byproduct waste.
For a coal plant this is ash. For a nuclear plant,
these costs include the surcharge levied for
ultimate storage of the high level waste.

The nuclear waste problem is still unsolved, and
so cannot be internalised with any accuracy.

Economics

Illustrative cost comparison. The table below compares nuclear versus coal
specific item costs for similar age and size plants on a $ per Megawat1-

hour
Item Cost Element Nuclear Coal
$/Mw-hr $/Mw-hr
1 Fuel 5.0 1.0
2 Operating & Maintenance -
Labour & Materials 6.0 5.0
3 Pensions, Ins., Taxes 10 10
4 Regulatory Fees 10 0.1
5 Property Taxes 20 20
6 Capital 9.0 9.0
7 Decomm waste costs 5.0 0.0
8 Administrative / OH 1.0 1.0
Total 30.0 29.1

Source US Nuclear Lobby, aggregated data




Natural radioactivities o
Ingestive radio-toxicity of 1 ton of LWR Waste

6x108
Material Activity Bq/g Remarks

1x108
Surface drinking water 0.0004-0.04 Mainly 222Rn + daughters
Seawater 0.01 Mainly “°K 2
Human body 0.1 Mainly 4K g "3
Food 0.1-1 5 :
Carbonate rocks 0.1 40K -87Rb-U+Th in ratio 10-1-1 § o]
Air 0.1 Mainly 22Rn 2
Mean soil 0.5 40K -87Rb-U-Th 10-3-1-1 g
Granite 15 4K-8Rb-U-Th 10-1.5-1-1 o
Phosphate fertiliser 40 Mainly 4°K H :
Low-level waste <400 S S VS SO . .1, "
28y 1.2 x 104 8
Intermediate level waste 400- 4 x 108
High level waste >4x 108 10®. \ Coal Ashes
239Pu 2.2x10° Contaminants make it hotter
0Co 4.2x10"3 e
Burnt LWR fuel t=0 4x 10 Fission products actinides a0’ 3 - s —
Burnt LWR fuel t=150d 4x 1012 Fission products actinides i 7 =10 ‘X‘Zoclmg Tm::‘(”y‘) 108 wio®

United Kingdom
Administrative Divisions

Locations |

BWR Boiling Water Reactor;

PWR Pressurized Water Reactor;
PHW Candu Pressurized Heavy Wm\
BLW Candu Boiling Light Water Candu;

i Ay BHWR Boiling Heavy Water Reactor;
Brungbleter 17 e <] SGHWR Steam Generating Heavy Water
N Grelfliai PHWR Pressure Vessel Heavy Water Reactor;

hel
%

LWCHWR Light Water Cooled Heavy Water
Reactor;
GCR Gas Cooled Reactor;

FBR Fast Breeder Reactor;
LWBR Light Water Breeder Reactor; &
GCHWR Gas Cooled Heavy Water Reactor;
LWGR Light Water Cooled Graphite Reactor
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