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l_ Cost of the barrel of oil and Kyoto make
energy the dominant economic issue of the
' new century
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The country is dependent on outside §&
Iits crude oil, natural gas, and coal, a
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(*) Compare with EU average 32% and US over 55%
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High supply prices are an enduring and central
stmeiueieaturespfHnesltalianymarket;gratherithan
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EDF has offered Enel a stake in 4 nuclear plants in Fr-aric
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laly's o 2pendence on natural gas is also growing
[

Geographic of gas is also scheduled to change drﬁcally' and

gas will have to travel more extensively.
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Plﬁbhnes | %s@ppﬁmlar and much of the gas will be
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By 2030 just over half of all inter- reg nal gas trade W|II be |r~1 s
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my-gtaof 26 million barrels of crude oil
e cueitly pass through the Straits of
HefMez In the Persian Gulf and the
%Wo Malacca in Asia everyday. The
SAmey <0”Id_apl to LNG

A disruption in supply at"ar these
points could have a severe |mp,_
oil and gas market. 5 N
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BUlldingfetiieWne 6 plant in Italy may be not the
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Capacity constraints within OPEC
itself.
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The first answer IS another question: are there
any credible alternatives to oil?

: countries (ltaly), as well as the booming
(6 )y omfes of China and India, will become ever more
AEent on Imports from distant, often politically-
& fillnstable parts of the world

xibility of oil and gas demand will

Where to look for alternétives?
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Wind energy at about 5¢/kWh is already quite cheap and thus
might grow dramatically
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:': Wind Leaders: Total (end of 2000):
: ww| 1.Germany 17,000 MW
E ww 2. United States
o E 3. Spain
i .| 4 Denmark
£ om 5. India

-=

HEm

a

D ORI B B SR e W e DR T TR G e T e

[_-_l]nl.-d Sutes  mEunsge mest ol Weald | &

gut a large number of wind mil
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An average person in Italy would req

with a diameter of about 7m.

effshore

stance against wind mills tends:
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odern wind turbines have a nominal power
Ihat can go up to 2.5MW on land, and 5MW

12



:‘il.:'::l P e et T oo S s e Ttk 2 Coirdeets

200 - CCT ¢
. 2005 ’
GO0 J
500
a0 4—
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i 90 TIl ind speed (horizontal axis, in m/s). One will notice that
200 omh =l the maximum power is obtained of a restricted range of
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The average density of installed power for a field of
wind machines is roughly of 10MW per km2
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Eoirsuia ety to become interesting except for niche
Sojollertigilogemeraditional improvement by a factor of 10 to 20
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r,ﬁr»r r]g_-J \WH{l memory of Chernobyl angd,
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nuyAnpeeztandably have misgivings ™%
{Ilh r|f' ear. ‘

:Safe disposal of nuclear waste ang, an hightened attention, to
_terrorlst threats, plus the creati@iNesInmea g teiiet e, the
‘waste gen.er fed =
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The up-front costs are certainlyfessEeouragii i rl*-'té‘ﬂh ({M’*G 0 to
$1,500 per kilowatt to build nu oner Aplant), Wikiiaxesiisiderin
the cost involved In the difficultipfocess of VWelSTENa s osal.
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s far as 50 years away
llhancing new nuclear

NUCLEAR POWER

16



B b 3 e _:
| 4y
| | £ -+ IR i g .
l ., '/ @35~ Coal in Europe
|
o - | Lignite production, hard coal production and imports in Mt in 2002

Italy. Recent opportunities to switch ba
to some extent, from oil&gas to coal
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Italy, with scarce and poor-quality coal reserves,
can rer on competitive imported coal from a wide
rces

Coal can be easily and safely stockpiled

ROLE OF COAL




BN aeN e a-borne trade
Sieee IheyeNEmtripled in the last
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World coal consumption Is
projected to increase

Significant deposits of coal exist in all .
world’s major continents ey
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Distribution of global coal and gas reserves
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75% of the world’s CO2 is emitted by, 68% of
the world's GDP is produced in, and 89% of
e werid's papulation live in countries that
eaetateeeHffed by Kyoto restrictions
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Even China and India, regarded aS€s °! [r rLH{)%ﬁW ,}g
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actions into their energy and devé ii% :

KYOTO PROTOCOL
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US 36% of global GHG emissions & |
enormous technical and technoloe Fe, ‘
capacity =N

Italy's top power companie are more than
prepared for eventual cuts, other big
producers of carbon dioxide (COZ2), are
less positive
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Climate chefigeIsawW a major business issue for the industry
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1|,,o ,q‘ /hy the coal and utility industries
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24



e capture of carbon dioxide has been
' - %}c ertaken within the oil, gas and chemical
A 2 dlistry since the late 1970’s
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Eopepciicimical manufacturing, food processing, etc
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Gllean seoal te¥ehnologies:

(Rigs g gressurised
carbon dioxide strea 38 SARA

combined with the production oj; “e
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The cost of carbon capture

Cycle IGCC PC PC
Data Description 2012 | 2000

Input

Capital Cost, $/kW 1,145 1,150

O&M, mills/kWh . 6.1 7.4

Heat Rate (LHV), Btu/kWh 7,137 8,277

Incremental Capital Cost, 275 529
$/(kg/h)

Energy Requirements, kWh/kg 0.135 | 0.317
Comparison

Incremental Cost coe, c/kWh 1.70 1.04 3.32 2.16

Energy Penalty, % 14.6 9.0 25.0 15.0

CO2 capture increases the busbar electricity cost (COE) from
5.0 to 6.7c/kWh at IGCC Plants, from 4.4 to 7.7c/kWh at PC
Plants, and, finally from 3.3 to 4.9c/kWh at NGCC Plants.

Source: David & Herzog, MIT

COST OF CARBON CAPTURE

26



i

Carbon capture and storage involves the capture of carbon
: L gifterent processes, compression

GO ceaskied in
fomraion wsier

site, the sequestration (i.e. storage) Of -r 3
ongoing monitoring of the storage medlum

, Seauestration
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/NH T rfrhﬁg-,hr,% T, 5 %4 mpressed to a liquid state at ~80
) a{r O rim}rcr,.ﬁ {[lwk:.%‘ur" and pumped to the storage site.
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CO, is largely inert and is
already transported in hig
pressure pipelines.

e

28



"Morne

= Heidrun

A =
Kr:s-lln"“"‘"gdr'j
Mikkel

Trondheim

"
Hrshansund

Huldrass
Veskefrikk =Trall

Bergen Dsi'c

el *Stavanger
7| m3|eipner
|58 \Draupner
) 1

COZ2 is stored In gas—ight natural reservoirs,
such as those that already hold oil, gas or
water.

ly 1 million tons of CO2 per
)een sequestered since 1996
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The Dakota Gasification Company
delivers the CO2 to Weyburn

operation through a 320 km long
pipeline.

WEYBURN - CO2
TRANSPORTATION —30
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ydrogen would be a clean energy
arrier. A hydrogen based economy

ould eliminate the world’s
ependence on oil

Shifting to a 'hydrogen economy’ -z
may mean a greater reliance on
coal - “black hydrogen” from co
gasification
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It will take some time to get there
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Ve Some. greem activists are willing) o &Eg
se'quastratlon as a\bridge towards a le- b@%ed nydyoge:
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Questions? THANKYOU FOR YOUR ATTENTION
Giuliano Ceradelli

E-mail: giulianoceradelli@tiscali.it



