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Abstract

Replacing oil, coal or gas with clean energies has become one of the most crucial
issues that the world faces. 77% of the energy demand could be filled by renewable energy by
2050. About half of the renewable energy potential is operating and 2.5% of the technical
potenti al in renewabl e ener gy ionsokthehas been m
possibility of using clean energy is not justified.

South Korea is a country without many primary resources; the country imports most of
its energy. It is one of the 5 biggest importers of fuel fossil energy in the world. To be less
dependent oforeign countries includes reducing these imports, so the part played by using
renewable energy has to be increased. Moreover, the greenhouse gases emissions have to be
reduced or at least the rise of such emissions has to be stopped. To this enthttiidas
planned to invest more in green energies, such as tidal and ocean power, wind and solar
power, or hydro.



|. Presentation of South Korea

1. South Korea background

a. Introduction

The Republic of Korea (RoK) is located in the southerndfatie Korean Peninsula (see
Figure 1 and 2). It occupies 98,480 square kilometers and has a 238 km boundary with North
Korea. The country also includes about 3,000 mostly small, uninhabited islands. RoK, with a
population of 48 million, about 85% of wildive in urban areas, is a mountainous country,
with lowlands accounting for only 30% of the total land area. The climate is temperate, with
rainfall heavier in summer than in winter. I
(excluding greatermmt r opol i tan areas) made it the worlc
cities include Pusan (3.8 million), Inchon (2.6 million), Daegu (2.5 million), Daejeon (1.4
million) and Gwangju (1.4 million).

Korea ==
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Figure 1: South Korea on Earth

*world map,http://www.mapsnworld.com/korea/wheigkorea.html


http://www.mapsnworld.com/korea/where-is-korea.html

Figure 2: Map of South Koed

b. International organization memberships

South Korea imports many primary energy sources. Wlclain natural resources,
South Korea has a high dependence on imports. As a major energy importer, which includes
oil, natural gas and codlSouth Korea is the 4th largest importer of oil in the world, the 3rd
largest importer of coal, and th%dmrgest importer of Liquefied Natural Gas (LNG).

2 hitp://koreanpeacetalks.edublogs.org/
%U.S Energy | nf or nSauthiKoreattpgs/(20bi25% 135 7/coantriestcab @fm?fips=KS
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Figure 3: import partners of South Koréea

South Korea is a member of several worldwide organizations, such aB#sfe
Economic Cooperation (APEC), European BankReconstruction and Development
(EBRD), International Energy Agency (IEA), Organization for Economic Cooperation and
Development (OECD), World Trade Organization (WTOYs a membership of these
organizations, South Korea helps to create new policieshvitnitudes facing global
warming.

* Author, inspired bySout h Kor ea, htp/pvew.econdmywWatch abm/warld _economy/south
korea/exporimporthtml

Central I ntellil§emnehass:/Aawe.cagyylibraiy®eblicatibns/thgorld-
factbook/geos/ks.html



http://www.economywatch.com/world_economy/south-korea/export-import.html
http://www.economywatch.com/world_economy/south-korea/export-import.html
https://www.cia.gov/library/publications/the-world-factbook/geos/ks.html
https://www.cia.gov/library/publications/the-world-factbook/geos/ks.html

2. Background with renewable energies

a. Introduction

South Korea has not been a model when it comes to renewable energy. In fact, they did
not sign the Kyoto Protocol, but despite that, have decided to make efforts. The government
in South Korea decided in July 2008 to increase investment in renesvedslgy. They
wanted especially to reduce the dependence on foreign oil imports. To accomplish this, the

Ministry of Knowledge and Economy decided to spend $195 million on technologies and

projects, including solar, wind and biofuels.

Renewable energies (GWh)

6000
5000
4000
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2000
1000
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B Renwable energies

Figure 4: part of renewable energies in 2009

b. Wind power

Wind energy in South Korea is still in its infancy, but the Korean government has made

Agreen growtho with | ow

car bon

emi ssi

ons on

existing feedin tariff, which was too low to support wind power development, was recently
replaced with a Renewable Portfolio Standard (RPS) scheme. In addition, several Korean

heavy manufacturers have started to include wind turbines in their portfolios teteonaph

domestically and in the international marketpldce.

®International Energy Agency 0 Bal ance for Republic

http://www.iea.org/stats/balancetable.asp? COUNTRY _EEKR

" Global Wind Energy Coungil

of

i So ut http:Kwvw.gnednet/index.php?id=177

Kor eabo,

2009,

e


http://www.iea.org/stats/balancetable.asp?COUNTRY_CODE=KR
http://www.gwec.net/index.php?id=177

Thirty two wind farms have been installed in South Korea. The figure below shows Total
Installed Capacity in MgaWatts (MW

TOTAL INSTALLED CAPACITY (
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Figure 6 : Map of wind farms, South Korea

& Author, inspiredby http://www.gwec.net/index.php?id=177
®Wind tubines and wind farms database A Sout h Kor ead,
http://www.thewindpower.net/country windfarms_en 23 sdattea.php
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c. Hydropower and tidal

The Korea Hydro & Nuclear Power wasufaled in 2001. It provides hydroelectric plants
in South Korea and is responsible for 40% of
hydro power units through South Korea with a generating capacity reaching 540 MW.

Hwacheaon . Chunchaon
L Anhaung
Cheongpyeang aY g 8
Paldang - Laangneunyg
Uiarm
(Goesan
Seomjingang
Basaanggang

Figure 7: Hydroelectric Power Plants, South Kore¥

Figure 8: Cheongpyeong Hydro Power Plant

10 KHNP, http://www.khnp.co.kr/en/030201
1 http://tribune.com.pk/story/320451/hydropowsnjectsouthkoreaannouncegargestinvestment

yet/
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http://tribune.com.pk/story/320451/hydropower-project-south-korea-announces-largest-investment-yet/

South Korea has installed the largest tidal power installaSibnya Lake Tidal
Power Station.The massive hydropower generaton ggnerate up to 254 MW of
hydroelectricity. It became fully operational in 206A.

Figure 9: Sihwa Lake Tidal Power Station, constructith

%oreascene © Si hwa | ake thtipdvaww.kqgreaswene.corysihslake tidahpdwerstationthe-
largesttidal-powerstatiorin-the-world-2/
13 http://www.koreascene.com/sihvieke tidal-powerstationthe-largesttidal-powerstationin-the-world-2/
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http://www.koreascene.com/sihwa-lake-tidal-power-station-the-largest-tidal-power-station-in-the-world-2/
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3. The energy issue

Renewable energy is a crucial issue because of the consequences it includes:

+ Energy secrtity: many countries have to reduce their dependence to oil and increase
their energy independence.

+ Environmental benefits: the world has to reduce environmental impacts. Biodiversity
must be preserved, and greenhouses emissions must be regulated.

+ Econony i jobs: new investments and new facilities to provide clean energy creates
jobs and fuels the local economy.

4. 100% clean energy?

South Korea aims to be a net exporter of clean energy. From 2005 to 2010, its renewable
energy capacity grew by 88%s ltotal investment in the renewable energy field in 2010 was
US$356 million, particularly in wind and solar technologies. By 2015, South Korea aims to
be one of the five best users of renewable energies.

AThe South Kor ea g¢ovVv e rdbtamexentptiomsdospergtratioaof o ut
these technologies, and there is a bigger focus in organizing the industries to cater to its
mar kets as wel | as emerging demands. That os
doing and wh at" saysRhaevris Karries hdnoaismgaomy ,- Fr ost &Sul
president for energy practice.

14 South Korea aims to be net exporter of clean energy,
http://www.greenprospectsasia.com/content/soutkoreaaimsbe-net-exportercleanenergy
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Il. Energy profile of South Korea

1. Energy sources

a. Oil

South Korea must import all of its crude oil because of the lack of domestic oil reserves.
Most of Sout h Ko rremthesPersianIGulfi Smyghdkoréaproducesiess f

than 0.4% of its own consumption as seen in this chart below.

Rank Country Oil - imports (bbl/day)

1 United States 11,3710, 0.0 0
2 Japan 5,033,000 ME——
3 China 4,393,000 M——
4 Korea, South 3,074,000 N
5 India 2,900,000 I—
6 Germany 2,862,000 M—
7 Netherlands 2,426,000 "
8 France 2,386,000 m——
9 ltaly 1,911,000 F——

10 Spain 1,716,000 D

11 Thailand 1,695,000 M

12 United Kingdom 1,491,000

13 Singapore 1,195,000

14 Canada 1,192,000 mmam

15 Belgium 1,120,000

16 Taiwan 876,300 am

Figure 10: Position of South Korea in oil import8

Compared to most IEA countries, Korea uses a very large share of oil for the industrial
sector, over 40% of all oil consumed, nearly double the IEA avetage.

15 http://www.nationmaster.com/red/pie/ene_oil_earergyoil-consumption

16'F‘Energy ProfleoSo ut h HKip:f#weve.eoearth.org/article/Energy profile_of South Korea



http://www.nationmaster.com/red/pie/ene_oil_con-energy-oil-consumption
http://www.eoearth.org/article/Energy_profile_of_South_Korea

South Korean Qil Consumption, 2000-2010
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Figure 11: South Korea oil consumptidh

The figure below shows the increase in oil consumption arttendifferent uses:

120000

100 000

£0 000

Thousand tonnes

40000

o CECONEA 2011

IEA Energy Statistics

Statistics on the Web: hitp:/'www.lea.org'stats/index.asp

-

Consumption of oil products q:
P P! \(& \}ea

Korea

Fuel ol WMddle distiates

* Includes LPG, NGL, ethane and naphtha.

1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1905 1997 1999 2001 2003 2005 2007 2009

1 Aviation fueis Gasoline "eer 8 Other products

For more detailed data, please consult our on-dine data service at hitp:/data.jea.org.

Figure 12: Oil Consumpiton by usé

iother products

Gas (PG)
Gasoline

# Aviation fuels
Middle distillates
Fuel oil

7 http://www.eia.gov/cabs/South _Korea/Full.html

18 http:/iea.org/stats/pdf graphs/KROIL.pdf
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b. Natural Liquefied Gas

Natural Gas consumption of South Korea has doubled over the past decades. From 2009
to 2010, it increased 25%.

South Korea is the second largest importer of LNG in the world after Jap#e. largest
use of that gas is for power generatiatectricity (42% in 2004). Currently, the policy is to
increase use of nuclear power to offset a decline of gas consurmptieaning gas imports.

South Korea’s Natural 3as Consumption, 20002010
Laig

1406
1300 -
1600
300 -

F0G

Billion Culic F

EN

2040

2G0G 206l SG02 2003 2003 2405 2006 2047 Doow 2060 2010

Source: U5 Energy Infornation

Figure 13: Gas consumption South Korea from 2000 to 2610

c. Nuclear power

Nucl ear energy provides nearly 40% of Kor e:
units are in operation on four sites. All nuclear power plants are owned by Korea Hydro and
Nuclear Power*!

According to Korean data, nucleargenead el ectri city is the cou
electricity option. The total generation cost is altRW (South Korean Won,
1KRW=0.0009 US dollard0 perkWh (Kilo Watt Hour) compared to 42 for coal, 57 for
hydro and 80 for gas.

¥H Sout h chipo/P08.254.135.7/countries/cab.cfm?fips=KS
2 http://www.eia.gov/cabs/South Korea/Full.html
21KHNP, http://www.khnp.co.kr/index_en.jsp
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Figure 14: Electricity and Heat in the Republic of Korea, 2089

Nuclear energy remains a strategic priority for South Korea, and capacity is planned to
increase B 56% to 27.35We (GigaWatt electricitypy 2020, and then to 43 GWe by 2030.

2. Energy demand

Power demand in South
Korea has increased by 9% per
year since 1990 but slowed by
2.8% between 2006 and 2010
andis projectedo slow by 2.5%
to 20207

South Kerea's Het Electricity Generation by Type, 2000-200%

Billion Kilowatthon s

2006 200] z0aR 20 Rogd 2005 2008 2OAT Fa0: 2009

Source: U5 Energy Information

Figure 15: Electricity Generation by
Type, South Kore#

2 Author, inspired bynttp://www.iea.org/stats/electricitydata.asp? COUNTRY_CODE=KR
BWorld Nucl ear I|Aesasro cR awe ro ni hiitp AENewweiothd nu€lear. cggéindo/inf8 1. html
24 http://www.eia.gov/cabs/South Korea/Full.html
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In 2005, Koredés t ot al el ectri ciTWly(Tega@vattchougThe on was
country has over 6000 MW of installed electricity capacity, which is split between six

different companies and independent power producers. Nuclear, coal and LNG each make up
more thara quarter of total capacity.

IEA Energy Statistics Statistics on the Web: http:/iwww.iea.org/stats/index.asp

Final consumption by sector

iea
Korea
160
140
" B Nonrenergy use
100
. I Other
g o
" B Transport
40
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20

1]
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[ mindusiry B Transport u Other* mMNon-energy use

* Includes residential, commercial and public services, agricultureforestry, fishing and non-specified.
@ OECDVIEA 2011 For more detailed data, please consult our on-line data service at http://data.iea.org.

Figure 16: Final consumption by sectét

3. CO,emissions

Energyrelated emissions of carbon dioxide have grown dramatically in recent years, more
than doublingbetween 1990 and 2004, equivalent to an average annual growth rate of 5.2%.

25http://iea.orq/stats/pdf graphs/KROIL.pdf
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Figure 17: CQ, emissions by Fuel, 1973 to 2084
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The CQ emissions in South Korea increassdl1.5% between 1946 and 1997,

Figure 18: CO, emissions by sector, 1973 to 2604

which made South Korea the tenth largest emitter gfil€the whole world. Nearly half of

those emissions were due to coal consumptio®p.Oil consumption since 2004 and even
now has become the main source of carbon dioxide emissions. When South Korea increased
its LNG imports, natural gas also became an important contributor pé@i3sions®®

#hitp://iea.org/publications/freepublications/publication/korea2006. pdf

2Thttp:/liea.org/publications/freepubligans/publication/korea2006.pdf

BCarbon Dioxide I nformation
http://cdiac.ornl.gov/trends/emis/tre _rok.html
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4. Energy demand in 2020

Sauut h Kor ea6s hgdmpreithaa 48imdlian inr261 growth rate estimated
at 0.23% annuallyAt that rate, South Korea would add 110,000 more people in 2013. More
generally, a we can see on Figure 19, when the population increases, the ezraayydd
increases too. That means that Koreads ener

population grows.

Projected growth in world population and energy consumption

12 26
Population Energy Consumption
101 " Develcping Counties = -
‘ “ Developing Counfries
* Industrialised Courtries 3
9 3 ® Industrialised Countries
4 = <
3 S 15 4
= 3
g8 3
3 3
2 = 10
) | l
W
5 g
24
0 - v

0 p
1990 20X 2080 1990 2020 2050
Source: World Enargy Council Source: World Energy Council

Figure 19: link between growth population and rising energy consumpfibn

P hitp:/www.worldenergy.org/
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lll.  Current Renewable Energy

South Korea has the lowest level of renewable energy among the IEA countries.

Figure 20: Mapping renewable electricity generatih

The largest share of renewable energy is from hydropower andIwi2d09, Korea
generated about 417 Billion kwWh of net electricity. Roughly 1% came from renewable energy,
and in 2010, 2.4% of the energy produced came from renewable energy.

South Korea wants to make its remrpiteabl e
the current minimal investment given, just $20 million in 2009, placing'liah8ng G20
members.

In 2012, the target of share of primary and final energy from renewables is 4.3% by
2015, 6.1% by 2020 and 11% by 2030.

30http://geocurrents.info/wgontent/uploads/2012/07/Renewakrergyby-CountyMap.jpg
*IRenewables 2012, global status and repomsshttp://www.map.ren21.net/GSR/GSR2012_low.pdf
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