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AND SUSTAINABLE ENERGY DEVELOPMENT
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introduction: The Republic of Korea occupies the southern half of the Korean Peninsula.
Korea's population in 2000 is 47.3 miliioa and the population density is over 450 persons
per km2, the third highest in the world. However, the effective implementation of family
planning policies has slowed population growth from 3.0% in 1960 to less than 1% cur-
rently. Korea's economy has changed markedly in every respect since the government
launched a series of economic development plans in the early 1970s. Average economic
growth over the last decade was above 8% per year, excluding the financial crisis
period19. High economic growth has inevitably led to rapid growth in energy consump-
tion. Due to a lack of domestic energy resources, the overseas dependence rate of energy
consumption has continuously increased from 47.5% in 1970 to 97.5% in 1997. Especially
fossil fuels, such as oil, coal and gas, accounted for 88.2% of total energy consumption
in 1997. These also caused a rapid increase in greenhouse gas emissions including CO2. In
1997,140 million tonnes of carbon (MtCj were emitted — 1.8% of total world greenhouse
gas (GHG) emissions.

Projection of Energy Demand and CO2 Emissions: Since the 1980s, chemical and heavy
industries have grown rapidly, with their share of GDP rising to 76.2% of the total
manufacturing sector in 1996. The increase of industrial activities boosted energy con-
sumption and greenhouse gas (GHG) emissions. To fuel rapid economic growth, primary
energy consumption also increased from 43.9 million tonnes oil equivalent (Mtoe) in 1980
to 165.2 Mtoe in 1996, a growth rate of 7.8% per year from 1980-1990 and 10.0% from
1991-1996. The combination of stable population growth and rapid economic growth
brought an increase in per capita energy consumption that reached 3.63 toe in 1996.
Nevertheless, that value is still lower than the average among other OECD countries.

Economic growth is an important factor determining future energy demand. The energy
demand projection used in this case study is based on the assumptions of the economic
growth forecast in the Long-term Economic Management Plan of 1992, with the actual
energy consumption data for 1996 as a starting point. Table 10 shows the energy demand
projection and CO2 emission projection given in the National Communication of 1998.

GHG Mitigation Policies and Measures; After Korea ratified the United Nations
Framework Convention on Climate Change (UNFCCC) in December 1993, environmental
considerations became an important factor in policy-making, in this respect, Korea has
intensified its efforts to reduce GHG emissions to combat global warming. Given its
heavy dependence on foreign imports for energy resources, the Korean Government
has undertaken a variety of measures to promote rational energy use. In the energy
sector, those efforts include energy conservation, inter-fuel substitution with nuclear
and LNG, energy technology development, and demand side management.

''' Korea Atomic Energy Research Institute (KAERlj.
« Korea Electric Power Corporation (KEPCO).
19 The financial crisis began in the 4th quarter of 1997. For 1997 as a whole, economic gro wth was 5.0%. In 1998, it was -6.7%.

In 1999, it rebounded to 10.7%.
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Table 10. Energy demand projection and the CO2 emission projection

1985 1990 1995 2000 2005 2010 AAGR (%)
86-95 96-2010

Primary energy demand
(Mtoe)

Energy/GDP
(toe/90 yr Mwon)

Per capita energy
consumption (toe)

CO2 emissions
(MtC)

Per capita CO2 emission
(tC)

CCyGDP
ftC/90 yr Mwon)

563; 93.2 150.4 213.4 272.9 328.1 10.3

0,51;;:!:;: 0.52 0.58 0.60 0.58 0.54 1.5

1.4 2.2 3.4 4.6 5.7 6.6 9.3

44:0 65.2 101.2 148.5 187.4 217.0

1.5 2.3 3.2 3.9 4.4

8.7

7.7

0.39 0.36 0.39 0.42 0.40 0.36 -0.1

5.3

-0.6

4.6

5.2

4.5

-0,7

The 5th Long-Term Power Development Plan: The ^bvernment of Korea, in consultation
with the Korea Electric Power Corporation {K&PCO), revises the Long-term Power:
Development Plan every two years and released the fifth Long-term Power
Development Plan on January 13, 2000. The new plan covers a planning period ^ f
17 years from 1999 to 2015. Its fundamental objective is to achieve a stable power supply
while maintaining minimum costs and an optimum combination of energy resources. To
meet future electricity demand, the Long-term Power Development Plan requires new:
generating facilities with a capacity of 45,130 MW. The total capacity of all generation
facilities in 2015 will be 79,055 MW, of which nuclear power plants will contribute 33;0:%,
coal-fired plants 26.8%, LNG combined cycle plants 23.8, oil-fired plants 7.6% arid hydro:

and other plants 8.8%. . .^••Mt' ., ••'•••v':i • . ^P i i l iK^ 1 " 1 ' ' '

T o t a l

Table W. Composition by Pfan^ iapadty (MVPte))

Year

Nuclear
Coal
LNG
Oil
Hydra

1999

13,716
13,031

12,368
4,716
3,148: -.,

:f^'4li!!l31l
13,716: W\

•• 1 4 , 0 3 ! ^ ' ^ i 1

13>289
.:.:.^i^::::il-i-i
t:MM: ]

: 2005
• . • I - : . : : : : : : : : , • .

: 17,716::;

N18,I65
16,464-

-4,866

4,404 :

: :;::2O3O
• • ; i : : i • • ' • . : : • : ] • • • • '

. . ! • • • • • • • : . • • •

22,529
20:565"

/:1i8387
6,8.06

,: , :6;324

2015

26,050
21,220
18,850
6,001

6,934

Average growth
' 1999-20)5:; -' !;:

4,01%
:• 3.05% :.

2.63%:^!

1.51% :

4.94%;::

46,978, ;74,611 79,055 3.25%;:
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The 5£l!:;!i<3ftg-term Power DevelopmentMlaimMittMe affected by on-going restructuring
and privatization in the electricity sector. After privatization, the Long-term Power
Development Plan will serve only as a guideline. :lt will no longer effectively guarantee
the construction of scheduled power plants. ;

Restructuring and Privatization in the Electricity Sector: KEPCO (Korea Electric Power
Corporation) is an integrated electric utility company and the only company engaged in
the transmission and distribution of electricity in Korea. KEPCO owns approximately 94%
of the total electricity generating capacity in Korea, excluding plants generating elec-
tricity primarily for private or emergency use. On January 21, 1999, MOCIE (Ministry of
Commerce, Industry and Energy) published a Plan for Restructuring the Electricity
Industry in Korea. The overall objectives of the Restructuring Plan are to introduce com-
petition and thereby increase efficiency in the Korean electricity industry. The
Restructuring Plan sets forth the Governments broad policy directions and calls for flexible
implementation over the next 10 years or more. As the 1st phase of restructuring, KEPCO will
separate its non-nuclear generating capacity into 5 wholly-owned generation subsidiaries,
each with its own management structure, assets and liabilities. KEPCO will also separate
its nuclear generating capacity into a single separate generation subsidiary which will
remain wholly-owned by KEPCO for the foreseeable future. KEPCO will retain its
monopoly position with respect to transmission and distribution. In the 2nd phase, which
Is expected to run through December 31, 2002, KEPCO intends to sell its non-nuclear
generation subsidiaries.

Baseline Project — Bituminous Coal: The objective of this case study is to estimate the
costs and benefits of possible CDM projects for electricity generation. For that pur-
pose, we assume that Korea, as a non-Annex I country, is able to host CDM projects
and wants to substitute for a planned new bituminous coal-fired power plant (with
costs and characteristics identical to the most recent such plants) either a gas-fired
combined cycle plant or a nuclear power plant. Coal-fired power plants in Korea can
be divided into two types. One type uses indigenous anthracite coal, while the other
uses bituminous coal imported from abroad. In the case of anthracite coal-fired plants,
because the coal is of low quality and produced in deep underground mines, genera-
tion costs are much higher than for bituminous coaf-fired plants. A new prospective
bituminous coal-fired power plant is thus the least-cost baseline against which the
nuclear and gas-fired options need to be compared. All are considered as base-load
power supply options.

CO2 emissions were calculated using emission factors from the IPCC. Most of the data
used in this case study are very close to the input data in the actual national long-term
expansion plan. Some values are changed for simplicity. Specifically, a uniform lifetime of
30 years was assumed for all three options and plant sizes were adjusted to 500 or
1000 IMW(e) to facilitate comparison.

Additionality: Table 12 shows that, compared to the baseline bituminous coal-fired power
plant, nuclear power would be the more economic carbon reduction option, assuming a
load factor of 70% and a discount rate of 8%. The cost of carbon reduction for nuclear
power is 4.22 US S/t C, which is quite small compared to that for the gas combined cycfe
plant, about 71.70 US S/t C.
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Table 12. Comparison of baseline and CDM project technologies — Republic of Korea

Characteristics

Technical
Plant lifetime •
Net capacity
Load factor mi
Net efficiency ;

Sulfur abatement (SO2)
Nitrogen oxide abatement (NOXJ
Particulate abatement

Economics
Investment costs"
Interest during construction
Total capital investment
Localization rate
Real discount rate
Fix O&M costs
Variable O&M
Fuel purchase costs
Total levelized generating costs

Emissions & Wastes
Ash :

Sludge from abatement
1 & L level radioactive waste2'
High level radioactive waste
Heavy metals
Particulates
Sulfur dioxide SO2

Nitrogen oxides NOX

Carbon monoxide CO
Methane
Nitrous oxide N2O
Carbon dioxide CO2

Total GHG emissions
GHG abated
Total GHG emissions
Total annual GHG reductions

::year
i:,iMW|e|

.jjjjjj: %

VS %(LHV)
%
%

. % • • ' , •

USS/kW(e)
USS/kWfe)
Million US S
%
%
USS/kWe.yr
USS/MWh
USS/GJ
mills/kWh

' • ; . . . ; : ' . ' • • • • • . ' • . . • • • . • • •

• • ' • • • : . . • • • : . . : • : • • : : • •

g/kW-h
g/kWh
g/kW-h
g/l<W-h
g/kW-h
g/kWh
g/kW-h
g/kWh
g/kWh :•
g/i<wh::::;:::::::

• • • : ! ' • : ; : : : : : ; : : ' • : : : ; • : : ' : ' : : ; : : :

.giQIpliileejwf
MtC/ y&Sif::r

: ,Mt C/year

Paseline
;: Coal

30
1,000 (500x2)

70
39

1,043

-100
8

44.93
—
1.31

34.48

VJ... 222 ,:

^ r ^'•'••'•'<:\^[' •'

:' r 136" V

CDM
Nuclear

30
.1.0.00

70
35

1,535

-100
8

56.67
—
0.39

35.41

:•:• ' : 0

0.0
1.36 ;

CDM
Gas Combined

30
1,000 (500x2)

70
53

520

-40
8 : ! • • ' • • : ; :

3152
—: :., .
4.51

43.15:

• .

• . • • : . I ! ' : ' • : ' : . ' : ' • • • • • • • •

• • • • . ! • • • • • • ;

! " " • T 0 1 - , :::;

Mitigation costs based on levelized generating costs
Incremental generating costs : > 7i
Mitigation costs (generation) ;::::i:: ,
Mitigation costs (generation)

Mitigation costs based on levelized capital
Incremental capital costs
Mitigation costs (capital)
Mitigation costs (capital)

Million US 5

0.49
4.22
1.15

32.12
8.76

8.68::
71.70
19.55

-62.58
-17.07

" The investment cost including interest during construction
21 Intermediate and low-level radioactive waste.
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Becausgiithe carbon reduction costs ̂ ofcjhe two ;GDM technologies depend on several
^crucial input variables such as the discount rate and load factor, we conducted sensitivity
analyses with respect to these two input variables. Varying first just the discount rate,
we found that the carbon reduction cost for nuclear power becomes negative for dis-
count rates below 6.57%. Thus, if the appropriate discount rate were below this value,
nuclear would be the least-cost option and ineligible as a CDM technology. At a discount
rate of 15.0%, the carbon reduction cost for nuclear power would equal that for the gas
combined cycle plant, and if the discount rate were higher than 15.0%, the gas combined
cycle plant would be a more economic CDM project than nuclear power. For discount
rates over 19.0%, the gas combined cycle plant becomes the least-cost option and thus
the appropriate new baseline against which a possible nuclear power CDM project
should be compared.

A similar situation is found in the case of the load factor. If the load factors for all three
technologies are above 78.1%, then nuclear power becomes the least-cost option and
thus ineligible as a CDM project. For load factors from 78.1% down to 45.0%, the least-
cost baseline is the coal-fired plant and nuclear power is the most economic CDM option.
For load factors from 45.0% down to 37.1%, the coal-fired plant remains the least-cost
baseline, but the gas-fired combined cycle plant works out to be the most economic
CDM option. And finally, for load factors below 37.1%, the gas-fired combined cycle plant
becomes the least-cost baseline against which a possible nuclear power CDM project
should be compared.

Concluding remarks: The reference data used in this case study show that, compared to
baseline bituminous coal-fired power plant, nuclear power is a more economic option
than gas combined cycle options for mitigating carbon emissions. The cost of carbon
reduction for nuclear power is 4.22 US S/t C, which is quite small compared to that for the
gas combined cycle plant, about 71.70 US S/t C. The cost of carbon reductions for nuclear
and gas power would be equal if the investment costs for nuclear were to rise to
US $2,569/i<W(e), or the load factor to decrease to 45.0% or the discount rate to reach 15.0%.

Korea must also keep in mind nuclear power's contribution to improving the security of
the country's energy supplies. Nuclear power will give Korea more diversity in an energy
supply system that is heavily dependent on conventional fossil fuels. Moreover, it is also
suitable for storage against contingencies, because of its higher energy intensity.
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