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World consumption
Million tonnes oil equivalent
11000

10000

2000

2000

0 &0 a1 2 24 a5 25 87 88 a9 20
. il Matural gas . Nuclear eneray . Hydroalactricity .

Global prirmary energy consumption growth slowed in 2006 but still exceeded the 10-year average. Asia accounted for nearly three-quarters of global growth, with

China alone accounting for rmore than half. In the past decade, natural gas and coal have increased their shares of the total at the expense of oil, nuclear energy
and hydroele ctncity.
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Regional consumption pattern 2005
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Qil remaings the leading energy source for most of the world. Oil dominates in Morth &merica and has increased its share since 1995; it has lost share in Eurcpe, South
and Central America and the Middle East. Gas is the dominant fuel in the Fermer Soviet Union; in Asia, coal dominates. In both cases, the dominant fuel has increased
itz share since 1995,




Consumption by area
Million barrels daily
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il consumption growth slowsd to 1 million bid in 2006, below the 10-year average. Chinese consumption growth dropped from 1 million bid in 2004 to 200,000b/d
in 2005, Oiluse fllin three of the six largest consuming countries: the USA, Germany and India.
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Consumption by area
Billion cubic metres
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Matural gas consumption grew in every region except North America. Global consumption growth was close to the 10-year average, with the strongest growth in Asia.
Chinesze consumption rose by more than 20%. Consumption groveth was also strong in southern Europe.,
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Consumption by area
Million tonnes oil equivalent
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Global nuclear power gensration grew slowly in 2008, Qutput fell in the USA and the Europsan Union, but increased in Asia.




Consumption by area
Million tonnes cil equivalent
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Global hydroslectrnic output recorded a second consecutive above-average year. Rising capacity and recovery from drought in many parts of the world more than offset
continued drought in southern Europe.
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Proved reserves at end 2005

Thousand million barrels
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Distribution of proved reserves in 1985, 1995 and 2005
Percentage
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Production by area
Million barrels daily
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Qil production rese by S900,000b/d in 2006, OFEC accounted for virtually all the net increase. Russian production growth slowed. Growth in Angola, Brazil and China
helped offset declines in Morway and the UK. US cutput also declined, in part owing to hurricane-related outages.
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Reserves-to-production (R/P) ratios
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The world's oil R/F ratio declined slightly in 2008 to 40.6 vears from 40.7 in 2004, although reserves continued to increase. Iran and Russia accounted for most of the
increase. Reserves were 17% higher than the 1995 level; production was 19% higher.




Major trade movements
Trade flows worldwide (million tonnes)
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Proved reserves at end 2005

Trillion cubic metres
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Distribution of proved reserves in 1985, 1995 and 2005
Percentage
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Production by area
Billion cubic metres
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Matural gas production growth was close to the 10-year average. Output declined in Morth America, primarily owing to hurrnicane-related disruptions. China recorded the
world's largest volume growth. Egyptian production increased 29% as LNG sxports commenced.
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The world’s gas R/P ratio fell to 66,1 years in 2008, but remained well above the oil R/F ratio. Reserves were 26% higher than the 1995 level; production was
29% higher.




Major trade movements
Trade flows wordwida (billion cubic metras)
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v (Tone of Oil Equivalent)
TOE
(1) 0.46
(1) 0.66
(1) 1.3
(1 kwh) 0.867

E.E (Energy Efficiency) = Work done/ Input energy
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Energy and Environment
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» Relationship

Energy and Environment




Energy and Environment

» ENvironmental impact

DeveIoEment TransEortation Storage Utilization |
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Energy and Environment

+ Development

Development | - Efflux of oil or natural gas impurities
> (1) Sulfuric compound
(2) Carbon dioxide
(3) Carbonic acid gas
- Blow out
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+ Development

Energy and Environment

- Accident in North-West Italy (Feb. 1994)
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Energy and Environment

+ Transportation

- Leakage from a pipeline:
Soil and aquifer contamination

- Efflux of oll by a tanker breakdown:
Ecosystem breakdown
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+ Transportation

Energy and Environment

- Exxon Valdez disaster (1989)

- 20,000 km along the beach | 2
- Cost: About $ 2,000,000,000




Energy and Environment

¥ Storage

- Leakage from an underground storage:
Soil and aguifer contamination

- Difficult to become aware

- Broad contamination

- High cost and time consuming




Energy and Environment

¥ Utilization

Utilization - Hazardous gas emission by combustior
- LPG storage vessel explosion]

- LNG pipeline leakage and accident
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Energy and Environment

» Fossil energy and environment

- Smog: “Smoke” + “fog”
(1) London type smog
(2) LA type smog
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Energy and Environment

» Fossil energy and environment

- Acid rain
(1) By nature
(2) By human activities
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Energy and Environment

» Fossil energy and environment

- Global warming
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Energy and Environment

» Fossil energy and environment

- Greenhouse gas priority

> Mostly from human activities . must be controlled
— Mostly from natural emission : difficult to control




Energy and Environment

~ FOssil energy and environment

- Effect of global warming
(1) Temperature
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Energy and Environment

» Fossil energy and environment

- Effect of global warming
(2) Sea level
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Energy and Environment

» Fossil energy and environment

- Effect of global warming
(3) Desertification (19% in progress)
T
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Energy and Environment

» Nuclear energy and environment

- Economical efficiencies by prime cost
Nuclear 24.17  [kWH

Ol 3553  /kWH
LNG 3593 /KWH

- NIMBY ( Not In My Back Yard)



~ Nuclear energy and environment

Energy and Environment

- Environmental impact
(1) Rising sea temperature in the coast
2) Prevention system of disaster for radioactive wastes

)
3) Management cost for a long period
)

(
(
(4) High risk



Energy and Environment

» Nuclear energy and environment

1986 , 50%

1979
50%

1999 ICO
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Energy and Environment

» Pollution reduction technology

“ Impossible to replace

Need to reduce pollution by using fossil energy



Energy and Environment

« Pollution reduction technology

- Climatic Change Convention (1994)
(1) Objectives: prevent global warming by reducing gas
(2) 176 nations, also Korea
(3) Divide by developed and developing country

- Kyoto Protocol
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» Pollution reduction technology

Energy and Environment

- Present status ( 9™ of worldwide, 2004 )
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Energy and Environment

» Pollution reduction technology

- Present effort
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Energy and Environment

» Pollution reduction technology
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Renewable Energy



Renewable Energy

« Definition

- The Energy which excludes oll, coal and natural gas.
- It Includes Solar Energy, Biomass, Wind Energy, Geothermal,
Fuel Cell, Hydrogen Energy etc.

» Characteristics

- Eco-friendly energy

- Non-exhausted energy

- Technology-driven energy
- Public energy



Renewable Energy

» Necessity of Development and Supply

- By United Nations Framework Convention on Climate Change,
the duty of greenhouse gases reduction during 2013-2017
may be imposed on Korea

- Renewable energy makes certain of energy security and is a
clean energy without contaminants

- Worldwide fast-growing industry
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Renewable Energy
« Renewable Energy in Developed Countries

+ Energy supply rate

Gas Other .
21.1% 0.5% Tide 0.004%

Wind 0.026%

Hydro Solar 0.039%

2.3%

Combustible Geothermal
oL Renewables 0.442%
34.8% and Wade
(CRW)
11.0%
Coal
23.5%




Renewable Energy

« Renewable Energy in Developed Countries

+U. S A ¥ Japan

Nuclear 9.2% |—Nuclear 14.9%
Hydro 0.9% Hydro 1.4%

Comb. renew. & waste Comb. renew. & waste
0
Gas 23.5% 3.0% Gas 12.8% 14%
Geothermal/solar/wind Geothermal/solar/wind
0.5% 0.8%
Coal 23.7% Coal 19.3%

0Ol 39.3% QOil 49.4%
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+ Germany

Renewable Energy

Nuclear 12.4%
Hydro 0.6%

Comb. renew. & waste

2.7%
Gas 21.9%
Geothermal/solar/wind
0.5%
4
Coal 24.7% 2

Oil 37.3% - - : . .
! 2000 20014 20024 20034 20044
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« Renewable Energy in Korea

Renewable Energy

Nuclear 15.3%
Hydro 0.1%

Comb. renew. & waste
14%

Gas 10.4%

Coal 22.6%
0l 50.2%
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Renewable Energy

+ Today’s renewable energy in Korea
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Renewable Energy

+ Today’s renewable energy in Korea
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+ Today’s renewable energy in Korea

Renewable Energy
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+ Development plan of renewable energy

Renewable Energy
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Renewable Energy

« Characteristic of Each Renewable Energy

+ Solar energy

- Photovoltaic energy  [.. &

ii SHU A 2

#

e
EH2FE & X —

- Solar heat energy




Renewable Energy

+ Wind energy

FPrirnci prles of VWirted T reerdrivie Acrodyricrrnic Lifc

+ Geothermal energy
- Use in U.S.A, New Zealand, the Philippines, Japan etc.

- Average system utility : 95%
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+ Hydrogen energy

Renewable Energy

- Energy of high level
- First used in 1970s in NASA to drive space shuttle & rocket

¥ Fuel cell

membrane T -
catalyst layers - gas diffusion layers

oxygen inlet hydrogen inlet

coolant pipe

T3
% - negative
T .r-| electrode
B '* £
=

external power circuit



Renewable Energy

« Prospect of Renewable Energy

+ Future of renewable energy

World Total Primary Energy Supply
18000
12.5%
16000 + —
Share of Renewables in Total TPES (%) —— 12.9%
14000
13.3
12000 4 '
13.8
2 10000 13.5%
= 8000 A 13.3%
4000 4 14.0%
4000 +
2000 4
O T T T T T T
1971 1980 1990 2000 2010 2020 2030
] Non-Renewables [ CRW [ ] Hydro [ Other Renewables
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Renewable Energy

+ Future of renewable energy

- Future of renewable energy consumption

(quadrillion Btu)
60 - History Projections

Petroleum
50 -
40 -

Natural gas
30 - Coal
20 -

Nuclear

10 -
Nonhydro
renewables
0 Hydro

1970 1980 1990 2000 2010 2025
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+ Limitation of renewable energy

Renewable Energy




