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Abstract 

Issues on green house gas emissions and climate change are principle global concerns 

which should be addressed urgently. Among the emitters, power generation sector is the 

most critical point source of CO2. In fact, many current countermeasures of climate change 

are focused on the power generation sector, which may imply that the successful action in 

this area would contribute to the mitigation of climate change substantially. At the same 

time, it would be consequential to recognize the diverse situations of each nation’s power 

industry to approach this global task with more collaboration. 

At this point, it seems to be practical to examine the CO2 emissions trends for a certain 

existing power company in Korea, a developing country, while an OECD member. For my 

research, I have selected the EWP, one of the five major thermal power companies in Korea 

and analyzed during a time period between 2007 and 2030. According to the results, CO2 is 

projected to increase 60% during this time period with Business as Usual (BAU) scenario. 

Even with the renewable energy scenario, the CO2 increase is 32%, which might imply that 

CO2 reduction for this company would be very complicated task in the near future mainly 

because of the expected economic growth, high efficiency of existing plants, and lack of 

low carbon power source. Currently, innovative technologies from the industry and energy 

conservation efforts from the public should be combined together. In terms of technology, 

renewable energy and Carbon Capture and Storage (CCS) should be on the priority. As for 

costs, coal-fired power and nuclear power plants have turned out to be more competitive. 

While, renewable energy has been proved to be an expensive choice, this power source is 

expected to gain competitiveness as extensive researches and supports are invested.  
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1. Introduction 

 

1.1. Purpose 

 

The objective of this paper is to predict the trends of carbon dioxide emissions, costs, and 

output at a studied power company in Republic of Korea. Based on the results, I tried to 

approach the best possible methods how to effectively cut carbon dioxide emissions. 

 

1.2. Power Industry in Korea and CO2 emission   

 

Korea has not been sufficiently endowed with energy resources. This country imports about 

97% of the energy resources it consumes, yet Korea ranks 9th or 10th in terms of green 

house gas emissions’ quantity1 and 39th in terms of per capita green house gas emissions2. 

As of 2005, national carbon dioxide emissions is 591million ton3. The power sector, alone, 

                                            

1 Carbon Dioxide Information Analysis Center, Ranking of the world's countries by 2004 total CO2 emissions,   

http://cdiac.ornl.gov/trends/emis/top2004.tot 

2 CO2 Information Analysis Center, Ranking of the world's countries per capita rates, http://cdiac.ornl.gov/trends/emis/top2004.cap 

3 http://www.korea.net/news/issues/issueDetailView.asp?board_no=19332 
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occupies about 25% of the national green house gas emissions. Until 2001, the power 

industry of Korea had been almost monopolized by a state-owned power company, Korea 

Electric Power Corporation Ltd (KEPCO). In 2005, the power generation of Korea was 

389,479GWh and it consists of 39.3% coal power, 39.1% of nuclear power, 14.7% of 

liquefied natural gas (LNG)4 power, 3.5% of petroleum power, 1.9% of hydro power, and 

1.5% others5.  

 

[Figure1-1 Electricity Generation by Fuel (Korea) 6] 

 

 
                                            
4 This is made by cooling natural gas to -162�, and the volume shrinks about 600 times less than the standard condition 

5 Electric Power Statistics Information System, http://www.kpx.or.kr/epsis/ (Korean) 

6 International Energy Agency, Evolution of Electricity Generation, http://www.iea.org/textbase/stats/pdf_graphs/KRELEC.pdf  



 5

During the restructuring process in Korean power industry from 2001, KEPCO separated 

its power generation sector into six different power companies; five thermal power 

companies and a nuclear power company. Korean government at that time planned to 

privatize the thermal power companies to increase the productivity by introducing 

competition among the power companies under the market system. Nuclear company was 

not under the list of the privatization to secure the stable energy supply and to acknowledge 

the special characteristics of this kind of energy source. In the turn-around period of the 

new millennium, owing to the global economic recessions, there were surplus of fuel 

supplies in the world energy markets, thus spot trades were popular among the power 

companies to buy fuels at lower prices. Because the fuel cost in a typical thermal power 

company in Korea occupies about 70% of the power generation cost, positive signs were 

indicated after splitting the power generation sector from KEPCO. In addition, reformative 

initiatives by the newly founded power companies increased the overall efficiency. But, 

since the way back up of fuel prices from 20027 (Figure 1-2), skepticism about the 

effectiveness of splitting the power sector has been raised with the several reasons. First, as 

a result of this split, once a huge corporation has become relatively smaller companies, and 
                                            
7 As of November 2008, imported coal price is $103/ton in Korea, 

https://www.kocoal.or.kr/board/read.php?table=FAX_006&sel=&search=&number=2725&page=1 (Korean) 
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these small firms have not had the satisfactory buying power to obtain the stable supply in 

the supplier’s market with lower prices. The demand for fuel has exceeded the supply at 

least in the last several years worldwide. Furthermore this trend is not expected to be 

reversed in the future mainly because of the rapid economic growth in the most populated 

regions such as China and India. For instance, China used to be a significant coal exporter, 

but this country might become a net coal importer sooner or later8. In fact, officials in 

charge of fuel purchase are struggling to maintain the secure supply. According to a recent 

research, the productivity has not sufficiently improved after the split of power generation 

sector mainly due to the decreases in purchasing power and increases in fuel prices. 

[Figure 1-2 Coal Price Trend (New Castle, Australia)]9 

 

 
                                            
8 http://info.hktdc.com/report/indprof/indprof_080609.htm 

9 The Wall Street Journal, China Spurs Coal-Price Surge, http://online.wsj.com/article/SB120275985736359763.html  
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Second, apparent market failures in the pioneer regions of deregulation, especially in 

California and the United Kingdom (UK) have incurred worries about the effectiveness of 

competition and the utility bill increases. For example, there were electricity crises 

including blackouts and electric bill surges in California between 2000 and 2001. The 

average wholesale price of electricity was $45/MWh in 1999, but on December 15, 2000, 

the prices temporarily surged up to $1,400/MWh on average10. In the case of the UK, even 

though, there large were rooms for reduction in prices with the discovery and exploitation 

of natural gas fields in North Sea, actually electricity bills did not go down. On the contrary, 

as of 2008, the electricity bill of this country for companies is expected to be about 4 times 

more expensive than that of France, and 70% more expensive than Germany11. Korean 

governmental officials now seem to recognize that it could be more convenient to address 

the issues of climate change under the guidance of the central government. Once the 

government sets the mid-to-long-term power supply & demand plan, public companies are 

able to follow the proactive environmental policies more willingly than private companies 

because the social responsibility is one of the top priorities for public companies. On the 

                                            
10 http://en.wikipedia.org/wiki/California_electricity_crisis 

11 http://business.timesonline.co.uk/tol/business/industry_sectors/utilities/article4888149.ece 
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other hand, diversified interests among private sectors tend to produce their own voices to 

defend their vested rights because huge cost is inevitable to cut carbon dioxide emissions 

below the guidelines, and as a result, there is not sufficient confidence to attain successes 

after investing in the projects of carbon reduction. In addition, many private companies 

worry, so called “Green Bubble”, in the renewable energy industry. According to a poll in 

“Turning Up the Heat” of director-level officials around 200 global power related 

companies and investors, about half of the respondents predicted that the bubble would be a 

real danger in the renewable energy fields, and some executives even liken renewable 

sources to the dotcom industry12. Thus, it is easier for public companies to take the 

initiative in implementing the “Green Technology”.  

With these considerations, up to now, all of the separated six power generation companies 

remain as public entities. In fact, the new Administration has temporarily repealed the plans 

about the restructuring of Korean power industry13. More comprehensive analyses and 

extensive discussions should be made to reach the best policy decisions for the future of 

this crucial industry.  

                                            

12 Power Engineering, Energy Companies Fear Renewable Bubbles, 

http://pepei.pennnet.com/display_article/328792/6/ARTCL/none/none/1/Energy-companies-fear-renewables-bubble/ 

13 http://www.asiatoday.co.kr/news/view.asp?seq=222547 (Korean) 
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1.3. Prospects of Post Kyoto  

 

Since the relatively high GHG emissions and economic conditions, Korea has been claimed 

to take the mandatory cut of CO2 reductions in the Post Kyoto regime which begins in 2013. 

Korea’s position is to participate in the global cooperation, but this country appears to be 

reluctant to join the Annex 1 group without corresponding incentives. Instead, this country 

wishes to pursue GHG reductions voluntarily. Korea does not want to sacrifice the 

economic growth which seems to be the more important goal for the time being. In fact, the 

industrial sectors of this country have emitted great amount of CO2 because heavy 

industries such as petrochemical, steel making and ship manufacturing sectors are the 

critical components of this country, so it appears to be intensely complicated to reduce 

GHG emissions without hurting Korean major economies. However, Korea is preparing the 

legislation of “Fundamental Law for the Mitigation of Climate Change” which deals with 

the methodologies which address climate issues14. The important contents of this law could 

be as follows; establishment of master plan against climate change, implementation of 

carbon emissions trading, building the GHG inventory, and responsibility of GHG emitter.  

                                            
14 http://www.me.go.kr/ (Korean) 
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2. Study Area 

 

In this paper, I have studied a thermal power company, Korea East-West Power Co., Ltd, 

(EWP) which is one of the six power generation companies divided from the KEPCO in 

2001. The capacity of this company is 9,500 MW, and the market share is 13.8% in terms 

of capacity. EWP generated 48 Terawatt-hour (TWh) as of 2007, and this value occupies 

11.9% in terms of power generation15. This company consists of 4,900MW coal-fired 

power plants, 1,800MW oil-fired power plants, 2,100MW LNG combined cycle and 

700MW hydro pumping power plant. Because most of the power plants with the exception 

of the oil-fired power plants were constructed after 1990, and the expertise of Operation & 

Maintenance (O&M) as well as power plant construction has been highly developed, the 

plant efficiency of Korean plant is notably higher than the average. In the case of coal 

power plants, core power source of EWP, the overall plant efficiency is still maintained 

about 40% level16. For comparison, a conventional coal-fired power plant in the United 

States with 20 years of operation shows the efficiency of around 35%. Currently, EWP 

operates a few renewable plants at EWP such as small hydro power and Photovoltaic (PV) 
                                            

15 Electric Power Statistics Information System, http://www.kpx.or.kr/epsis/ (Korean)   

16 Korea East West Power Corporation, http://www.ewp.co.kr/kor/ (Korean) 



 11

plant. Moreover, this company plans to aggressively expand the renewable power sources 

up to 1,159MW by 2020 to cope with climate change; fuel cell, Integrated coal Gasification 

Combined Cycle (IGCC), wind turbine, biomass, wave power, Waste To Energy (WTE), 

and PV17. Among these, wave power, wind power, and IGCC are expected to occupy major 

portion of EWP’s renewable energy portfolio. 

 

[Figure 2-1 Study Area (EWP)] 

 

 

                                            

17 Korea East West Power Corporation, http://www.ewp.co.kr/kor/ (Korean)  
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3. Method  

 

3.1. Assumption 

Since the power plants of EWP are located across the country, and the transmission & 

distribution system is fully net-worked, it is virtually impossible for EWP to distinguish its 

specific customers. In this paper, I assumed that 11.9% of the Korean population is the 

customer of EWP which is equivalent value of output proportion, and basic indices of 

Korea such as Gross Domestic Product (GDP) and population growth rate are the same of 

the average of Korea. The key assumption data are mainly quoted from the Korea Statistical 

Information Service (KOSIS) as of 2007.  

[Table 3-1 Key Assumption18] 

Item Value Item Value 

Income $18,390/capita Income Growth Rate 3%/year 

House Hold Size 3.13/house hold Population Growth Rate 0.3%/year 

House Holds 1.90million End Year Urbanization 85% 

                                            

18 Korea National Statistical Office,
 
http://www.nso.go.kr/ (Korean) 
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3.2. Study Model  

 

This paper utilized the “Long-Range Energy-Environment Alternatives Planning (LEAP)” 

model. Boston Center of Stockholm Environment Institute (SEI) created this scenario-

based model for the energy and environment modeling purpose. This model provides 

extensive current power technologies as well as the operational structure. LEAP is not an 

optimization model, but this model can be regarded as a bottom-up model based on the 

demand and supply analysis. Modelers can devise flexible scenarios with the available 

current data and plausible prospects19. With the results, the analyst can pick up the meaning, 

and extract the implications.  

I collected the required data to run this model from many sources in Korea. The major data 

sources are Electric Power Statistics Information System (EPSIS), Korea East-West Power 

Corporation (EWP), Korea Statistical Information Service (KOSIS), and Ministry of 

Knowledge Economy (MKE). Much time was spent on setting the data of the power 

generation sector. With the current data, Business As Usual (BAU) was provided, and three 

                                            

19 Community for Energy, Environment and Development, LEAP,
 
http://www.energycommunity.org/default.asp?action=47 
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different scenarios were prepared to compare with the BAU.    

After the completion of BAU and scenarios inside the model, LEAP calculates the input 

data and produces the many kinds of the results including the power generation mix, new 

power plant penetration, carbon dioxide emission, and the expected costs related to 

implementing the scenarios during the time period designed.  

 

3.3. Business as Usual (BAU) Assumption 

 

BAU means just continuing current power generation trends. The basic assumptions of 

BAU are generally same as the data of KOSIS, with the exception of income growth rate 

and end year urbanization. The Korean government prepares the “National Basic Long-

Term Plan on Supply and Demand of Power” every two year to secure the stable power 

supply & demand, and to catch up with the changeable surroundings around the electricity 

industry. The latest plan was framed in December of 2008, which forecasts the overall 

power industry between 2008 and 2022 including power generation projection, power plant 

construction plan, and demand control. The power demand growth rate by sectors and 

transmission & distribution loss are cited from this report.  



 15

[Table 3-2 Growth Rate and Transmission & Distribution Loss20] 

Item Value Item Value 

Industry  1.2%/year Residential 2.4%/year 

Commercial 3.2%/year Distribution Loss 4.5% 

  

The data power technology data is of my prime interest and these data are the key factors 

deciding the relative power mix, carbon dioxide emissions, and related costs. There are 

some internal data in the LEAP for some categories, but I exerted myself to acquire Korea’s 

latest information. The capital costs are almost updated values, thus the relative comparison 

is assumed to be effective with these data. I supposed that the capital cost would remain 

stably, but I set subtle differences in the renewable energies because the technological 

developments in this field enable the costs down more or less. Recently the prices of fossil 

fuels remain relatively high, so I supposed that the variable operation & maintenance cost 

would be somewhat stable with the 1% growth each year. Even if Korean government is 

planning to enforce a Renewable Portfolio Standard (RPS) to the power companies, only 

marginal construction of renewable energy sources are considered in this scenario. 

                                            
20 Ministry of Knowledge Economy, The 4th National Basic Long-Term Plan on Supply and Demand of Power, 2008 
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[Table 3-3 Power Generation Input Data (Current Accounts)] 

 

 Efficiency Capital Cost Cost (USD/MWh)   Exogenous Capacity 

Unit % 103USD/MW Growth Fixed Variable21 MW Expression22 

Oil 34% 600 0% 18.0 97.6 1800 2030, 500MW 

New Coal 43% 1200 0% 19.4 25.9 0 0 

Wind 30% 960 -5% 10.6 0 0 2030,1800MW 

LNG CC 56% 600 0% 17.2 97.8 2100 5% Growth 

Coal 40% 1200 0% 19.4 25.9 4900 2020, 600MW 

Hydro pump 30% 1000 0% 261 55.523 700 2030, 700MW 

Nuclear 30% 2200 0% 35.6 6.4 0 0 

Solar PV 15% 6000 -5% 41.9 0 1 2030, 100MW  

 (Source: EWP and EPSIS)24 

 

 
                                            
21 This cost includes fuel costs 

22 This is for the reference scenario, expression values change with the different scenarios 

23 This includes the electric cost to pump water into the upper reservoir 

24 Korea East West Power Corporation, http://www.ewp.co.kr/kor/ (Korean) 
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3.4. Scenario 1 (LNG) 

 

All the major assumptions are basically same as the BAU scenario with the exception of 

Liquefied Natural Gas (LNG)25 Combined Cycle power plants penetration instead of new 

coal steam power plants’ construction. Despite of the expensive natural gas prices, LNG 

plant may be a potent competitor to a coal power plant mainly because the CO2 emission of 

a LNG plant is about 55% of a coal plant26. In addition, natural gas27 contains relatively 

higher contents of hydrogen whose calorific value28 is more than four times than that of 

carbon29. The efficiency of LNG plant is even much higher because this type of plant 

adopts Combined Cycle30, and construction cost is way cheaper than that of coal-fired plant. 

Some mitigation measures such as efficiency increase at appliances and demand controls 

are also included. 

 

                                            
25 Korea and Japan import natural gas as liquefied form because there is no international gas pipeline. However, plans connecting 

Russia’s natural gas field to Korea via China or North Korea are under investigation. 

26 Emissions factor(kg-CO2/kWh) : Bituminous Coal 0.851, LNG 0.469 

27 The major component of natural gas is methane with more than 80% 

28 This is same as the energy content and its value can be measured by calorimeter  

29 Calorific value : hydrogen 34,200cal/g, carbon 8,100cal/g 

30 This process combines Rankine cycle (steam side) and Brayton cycle (gas side) which increases overall efficiency. First combusted 

gas rotates the gas turbine to generate electricity and then the remaining heat is used to make steam for the steam turbine.  
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3.5. Scenario 2 (LNG + Renewable) 

In this scenario, besides the construction of LNG power plants, more active installation of 

renewable energy sources is included. I supposed that wind power capacity would be 

1,800MW, and solar PV would be 500MW by 203031. Currently, wind and solar energy are 

comprehensively understood, and supposed to be the most important renewable sources. 

Although, other renewable sources such as wave, biomass, and fuel cell are important, 

these are not included in order to make the analysis simple. Some mitigation plans such as 

efficiency increase at appliances and demand controls are considered. 

 

3.6. Scenario 3 (Nuclear) 

Nuclear power option is being reevaluated by some countries mainly because of the global 

concerns for carbon dioxide emissions and climate change. In fact some related parties 

mention that “the Renaissance of Nuclear” has come. Although EWP is not allowed to 

construct any nuclear power plant by national law, I assumed the operation of 1GW nuclear 

power plant from 2017 in this scenario to analyze the results.    

                                            
31 EWP plans to build various types of renewable energy sources including wind, fuel cell, solar, wave, biomass, WTE, and IGCC. The 

expression of wind and solar in this paper cover the various renewable sources instead of describing all the different energy types. In fact, 

when I began this study in 2008, the detailed construction plan of renewable energy sources was not materialized. 
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4. Results 

 

4.1. BAU 

 

Figure 4-1 illustrates the power generation prospect with the BAU scenario. In this 

condition, the power generation increases from 48TWh in 2007 to 83.2TWh in 2030 (73% 

increase). This result indicates that the annual output increase is about 2% during this time 

period. The fraction of the electricity from new coal-fired steam power plants sharply 

increases over the entire time period, as this type of power plant is assumed to be one of the 

cheapest power sources. In addition, so far this type of power source does not have to 

convince the general public about the safety concerns which would be a critical barrier for a 

nuclear power plant. The nuclear option seems to be excluded in the power mix in this 

scenario considering the issue mentioned above. In fact, despite the fact that the electricity 

from coal fired power plants occupies 71% in 2007, by the year of 2030, the proportion 

even increases to the 84%. On the other hand, the most expensive electricity from the oil 

power plants decreases steadily. In the mean time, the electricity from the LNG Combined 

cycle power plants increases with the relatively low growth rate.  
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Figure 4-2 represents the outlook of carbon dioxide emissions until 2030 in BAU scenario. 

With this condition, the carbon dioxide emissions rise from 31.4 million ton in 2007 to 50.1 

million ton in 2030 (60% increase). Most of the emissions come from the coal fired power 

plants which accounts for 89% of the total carbon dioxide emissions as of 2030. Even 

though, the portion of carbon dioxide emissions in coal-fired plants increases from 75% to 

89% during this period, the overall carbon dioxide emissions increase of 60% is lower than 

the power generation increase of 73%. This is partly because that the higher efficiency of 

new coal-fired power plants relatively contributes to offsetting carbon dioxide emissions. 

Besides, this company burns approximately 30% of sub-bituminous coal with less carbon 

dioxide emissions factor together with bituminous coal, the actual carbon dioxide emissions 

reduces more or less.  

In this paper, carbon dioxide emissions during desulfurization processes in coal power 

plants are not counted. Most power plants use calcium carbonate (limestone) to capture 

sulfur dioxide in flue gases, and carbon dioxide is released during the chemical reaction of 

calcium carbonate and sulfur oxide, the product is calcium sulfate (Gypsum) and carbon 

dioxide. However, the amount of limestone consumed is just small compared to the coal 

consumptions. 
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[Figure 4-1 Power Generation (BAU)] 
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[Figure 4-2 Carbon Dioxide Emissions (BAU)] 
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Figure 4-3 shows the prospect of the cost in the BAU scenario. In this condition, the cost 

augments from 2.6 billion dollars in 2007 to 5.4 billion dollars in 2030 (108% increase). 

The cost of LNG combined cycle power plants grows from 0.8 billion dollars in 2007 to 1.7 

billion dollars in 2030. The increase rate in this field is 125%, which is more than the 

overall increase rate of cost. In reality, in Korea, LNG is more expensive than the EU or the 

US, since this country does not possess any significant ownership over natural gas fields, 

does not have pipeline networks from foreign producers, and should import Liquefied 

Natural Gas (LNG) by ships; liquefying natural gas needs substantial cost. 

 

[Figure 4-3 Total Cost (BAU)] 
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4.2. Scenario 1(Natural Gas Power instead of Coal Power Plant) 

 

Figure 4-4 shows the power generation prospect with the Natural Gas Focus scenario. In 

this condition, the power generation is anticipated to rise from 48TWh in 2007 to 79TWh 

in 2030 (65% increase). Due to some mitigation measures, the overall power generation in 

2030 is 4.2TWh less than that of BAU value. The proportion of the electricity from the 

LNG combined cycle power plants sharply increases over the whole time period. For 

instance, while the electricity from LNG power plants occupies 17% in 2007, by 2030, the 

proportion even increases to 51%. Instead of new coal steam power plant’s penetration, the 

existing coal power plants only show moderate growth throughout this simulation period.  

Figure 4-5 represents the prospect of carbon dioxide emissions until 2030 in Natural Gas 

focus scenario. With this condition, the carbon dioxide emissions rise from 31.4 million ton 

in 2007 to 42.5 million ton in 2030. During this period, the increase rate of carbon dioxide 

emission is 35%. In this scenario, the carbon dioxide emission is 7.6 million ton less than 

that of BAU scenario, mainly because the carbon dioxide emissions factor of natural gas is 

less than that of coal (Table 4-1). One thing to mention is that in this scenario, emissions 

level reduces in 2008 because of the increase of the natural gas plants’ portion. 
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[Table 4-1 CO2 Emissions Factor] 

 LNG Oil Bituminous Coal 

kg-CO2/kWh 0.469 0.697 0.851 

 (Source: EWP) 

 

[Figure 4-4 Power Generation (Scenario1)] 
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[Figure 4-5 Carbon Dioxide Emissions (Scenario1)] 
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Figure 4-6 illustrates the prospect of the cost in the Natural Gas Focus scenario. In this 

condition, the cost augments from 2.6 billion dollars in 2007 to 6.3 billion dollars in 2030 

(142% increase). The cost of LNG combined cycle power plants grows from 0.8 billion 

dollars in 2007 to 4.7 billion dollars. The increase rate in this field is 488%, which 

dominates the total cost. The variable cost including fuel cost occupies about 90% in 

natural gas power plants, which is the largest value among the major three competitors 

(Table 3-3). Thus, the increases in the power generation of natural gas plants directly affect 
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the overall cost32. Even if this scenario reduces carbon dioxide emission by 7.6 million ton 

comparing to the BAU scenario in 2030, the overall cost also increases by 0.9 billion 

dollars. In other words, to reduce one ton of carbon dioxide with this scenario, 118 dollars 

should be additionally spent in 2030, which does not seem to be an attractive method.  

 

[Figure 4-6 Total Cost (Scenario1)] 
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However, natural gas power plants should be constructed to some extent with several 

reasons despite of this high costs. First, LNG power plant helps consisting of the national 

                                            
32 Variable cost increases proportional to the power generation, whereas fixed cost remains constant. 
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energy mix. The peak loads in Korea happen in summer same as most developed countries. 

Yet, the demand for natural gas plummets in this season because much part of LNG is used 

for heating in the household33. Natural gas industry in Korea for the wholesale sector is 

monopolized by Korea Gas Corporation (KOGAS), and this company mainly imports LNG 

by a long-term contract so called “Take or Pay Contract”34 to minimize the purchasing cost 

and to secure the stable energy supply. According to this provision, Korea has to import 

LNG at constant level regardless of seasonal demand changes, and it should keep the 

surplus LNG in storage tanks, which calls for additional O&M costs. Thus the operation of 

LNG-fired power plant can consume surplus LNG and can help coping with the peak 

loads35 in summer seasons.  

Second, because of the relative cleanness of this power technology, LNG-fired power plants 

can be built nearby populated areas including metropolitans. Once located at populated 

areas, the enormous amount of waste heat can be used to generate hot water or steam for 

nearby residents or related industries, if this type of plant adopts the Heat Recovery Steam 

                                            
33 As of 2007, 57% of natural gas consumption in Korea is for non power generation, http://www.kogas.or.kr/ (Korean) 
34 According to this contract, the buyer has the responsibility for taking assigned LNG or paying for not buying it. This contract can be 

more effective in the supplier’s market. 

35 In gas-fired plant, the operation techniques including the start-up and shut-down are relatively simple and this kind of power plant can 

also follow the peak loads with very fast rate.   
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Generator (HRSG). This heat recovery process increases the plant efficiency of gas-fired 

power plants even more.  

Finally, the results of Scenario 1 have been composed with the conditions of continuation 

of relatively high natural gas prices of the present. Even if the prices of LNG do not seem 

to collapse easily partly because of the high demand from the huge and rapidly growing 

developing nations, China and India, the prices have been increased so much these days, 

which might indicate that the prices could be stabilized somewhat in the future. In fact, 

current prices of natural gas are encouraging the exploitation of new gas fields, which could 

increase the supply. Energy Information Agency (EIA) predicts that natural gas prices 

would decline somewhat until 2016 and turn around its direction due to the increased 

developing costs of the unconventional gas fields in terms of present standpoint36. In 

addition, many believe that speculations also have played an important role in causing the 

high prices. Because the evaluation of LNG plant is so sensitive to the fuel prices, the 

economical efficiency of LNG plant can be improved if gas prices would decline. 

 

 

                                            
36 EIA, Annual Energy Outlook 2008 with projection to 2030, Natural gas demand, http://www.eia.doe.gov/oiaf/aeo/gas.html
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4.3. Scenario 2 (Natural Gas + Renewable) 

 

Figure 4-7 illustrates the power generation prospect with the Natural Gas plus Renewable 

scenario. In this condition, the power generation increases from 48TWh in 2007 to 

78.5TWh in 2030 (64% increase). Due to some mitigation measures such as efficiency 

increase and demand control, the overall power generation in 2030 is 4.7TWh less than that 

of BAU value. The proportion of the electricity from the LNG combined cycle power 

plants sharply increase over the whole time period with the same reason of scenario 1. The 

electricity from wind turbines (yellow color) is more noticeable than other scenarios.  

[Figure 4-7 Power Generation (Scenario2)] 
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Figure 4-8 represents the prospect of carbon dioxide emissions by 2030 with the Natural 

Gas plus Renewable scenario. In this condition, the carbon dioxide emission rises from 

31.4 million ton in 2007 to 41.4 million ton in 2030. During this period, the increase rate of 

carbon dioxide emission is 32%. In this scenario, the carbon dioxide emission is 8.7 million 

ton less than that of BAU scenario, mainly because of the natural gas power plants and 

renewable energy increases.  

 

[Figure 4-8 Carbon Dioxide Emissions (Scenario2)] 
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Figure 4-9 shows the prospect of the cost in the Natural Gas plus Renewable scenario. In 

this condition, the cost grows from 2.6 billion dollars in 2007 to 6.2 billion dollars in 2030. 
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During this period, the increase rate of cost is 138%. The cost of LNG combined cycle 

power plants grows from 0.8 billion dollars in 2007 to 4.5 billion dollars. The increase rate 

in this field is 463%, which is more than the overall increase rate of cost. Although, the cost 

of this scenario is almost same as that of scenario1, this scenario reduces more carbon 

dioxide than Scenario 1 (LNG) by 1.1 million ton. Therefore, this scenario is relatively 

more attractive than the Scenario 1 (LNG). Despite of the relative competitiveness of wind 

turbine, the geological spaces suitable in order to install this kind of power source might be 

limited in Korea. While, this scenario assumes that 1.8GW of wind turbines would come 

on-line by 2030, this assumption does not consider the physical constraints of this power 

source. However, other kinds of renewable energy sources may substitute wind power with 

the similar costs. This scenario reduces 8.5 million tons of carbon dioxide than that of BAU 

with the cost increase of 0.8 billion dollars. This means that to reduce one ton of carbon 

dioxide, 94 dollar is needed. This scenario seems to be still expensive to implement this 

measure over the BAU as of 2030.  
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[Figure 4-9 Total Cost (Scenario2)] 
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4.4. Scenario 3 (Nuclear) 

 

Figure 4-10 illustrates the power generation prospect with the Nuclear Penetration scenario. 

In this condition, the power generation increases from 48TWh in 2007 to 83.2TWh in 2030. 

The power generation is same as BAU because this scenario does not consider the demand 

control. In this scenario, one 1GW nuclear power plant comes on-line in 2017, considering 

the environmental resolution among the interested parties and construction period, since 

then this power plant operates its full capacity by 2030, which accounts for about 15% of 
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the total power generation in 2030. Because of the penetration of a nuclear power plant, the 

proportion of new coal-fired power plants is reduced. On the whole, except for the inserting 

nuclear power plant, the output is similar to that of BAU.       

[Figure 4-10 Power Generation (Scenario3)] 
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Figure 4-11 represents the prospect of carbon dioxide emission until 2030 in the Nuclear 

Penetration scenario. With this condition, the carbon dioxide emission rises from 31.4 

million ton in 2007 to 42 million ton in 2030. During this period, the increase rate of carbon 

dioxide emission is 34%. The carbon dioxide emission is 8.1 million ton less than that of 

BAU scenario since a nuclear power plant virtually does not emit carbon dioxide.   
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[Figure 4-11 Carbon Dioxide Emissions (Scenario3)] 
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Figure 4-12 shows the cost prospect of the Nuclear Penetration scenario. In this condition, 

the cost grows from 2.6 billion dollars in 2007 to 5.3 billion dollars in 2030 (104% 

increase). This value is almost same as BAU’s cost. We can see that the cost of nuclear 

power plant is similar to a new coal power plant’s cost. At the same time, we can also find 

that without cost increase, the carbon dioxide reduction can be achieved with the amount of 

8.1 million ton annually by adopting 1 GW nuclear power plant. This scenario seems to be 

more attractive option. In fact, Korean government tries to obtain the consensus among the 

public that expansion of nuclear power is an inevitable choice for the reliable energy supply 

and growth of Korea economy. 



 35

[Figure 4-12 Total Cost (Scenario3)] 
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4.5. Summary of the Results 

1) Power Output 

 



 36

2) CO2 Emissions 

 

 

3) Costs 
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4) Summary of the Results 

 Output (TWh) CO2 (million ton) Cost (billion $) 

2007 48.0 31.4 2.6 

BAU (2030) 83.2 50.1 5.4 

Scenario1, LNG (2030) 79.0 42.5 6.3 

Scenario2, REW (2030) 78.5 41.4 6.2 

Scenario3, Nuclear (2030) 83.2 42.0 5.3 

 

 

5. Discussion and Conclusion 

 

The results in Section 4 indicate that a power company which is mainly composed of 

thermal power plants does not have a one-shot solution to cut carbon dioxide emissions 

efficiently. In fact, every scenario represents the substantial increase in emissions mainly 

because of the continuous dependence on fossil fuels and escalation in power demand 

during the simulated time period. It appears to be extremely difficult for EWP to reduce 
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significant amount of carbon dioxide emissions without revolutionary events37. Most 

developing countries are believed to be at similar circumstances. At this moment, various 

efforts should be combined to obtain the satisfactory results. Generally speaking, these 

efforts may include technological developments (renewable energy, carbon capture and 

sequestration, power mix, and efficiency), political & economical regulations (carbon tax, 

cap-and-trade, energy conservation, and demand control), and international schemes (cap-

and trade, cap-and-share, and clean development mechanism). In this paper, I would like to 

focus on the technological aspects. 

1) Renewable Energy 

2) Carbon Capture and Sequestration (CCS) 

3) Nuclear Power  

 

1) Renewable Energy  

Many efforts have been made to develop competitive renewable energy sources38, because 

renewable energy is assumed to be the most essential and important tool of reducing green 

                                            
37 These events may include revolutionary technological break-through, dramatic energy policy change, or deep economic recession. 

38 This paper only included only wind and solar to simplify the analysis, but there are many kinds of other renewable resources and 

some fields such as biomass and wave power may have significant potential in Korea energy mix. 



 39

house gas emissions and coping with the oil peak era. Furthermore, renewable energy may 

have the real potential to support the global energy consumption. For example, the long-

term technological potential of wind energy source alone (72TW) is projected to be 5 times 

more than the current global energy consumption39. In fact, wind power sector has shown 

30% annual growth recently, and total capacity has exceeded 100GW with the prediction of 

240GW by 201240.  

Yet, the current overall costs of this kind of energy source are generally more expensive 

than those of the conventional power sources. These trends will not be easily turned over, 

although, economically viable renewable energy may be achieved sooner or later through 

rapidly developing technologies and intensive supports in this field. Table 5-1 illustrates 

some cost predictions on renewable energy sources. For comparison, as of 2004, the power 

generation cost of a conventional coal-fired plant is 4cent/kWh.41  

 

 

 

                                            
39 http://www.stanford.edu/group/efmh/winds/global_winds.html 

40 http://www.ewea.org/fileadmin/ewea_documents/documents/press_releases/2008/EWEC_press_release_day_2.pdf 

41 International Energy Agency, World Energy Outlook (2004), pp195, http://www.iea.org/textbase/nppdf/free/2004/weo2004.pdf 
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[Table 5-1 Cost Outlook of Renewable Energy42] 

 2001(cent/kWh) Potential Cost(cent/kWh) 

Wind 4-8 3-10 

Solar (Photo Voltaic) 25-160 5-25 

Solar (Thermal) 12-34 4-20 

 

According to this table, there is some probability for renewable energy to gain 

competiveness in free market by itself in the future. If regulations on carbon dioxide such 

as carbon tax or cap and trade are enforced, the economic feasibility of the renewable 

energy becomes obviously greater. However, the fact is, with the current situations, 

renewable energy may not survive unless sufficient financial aids are provided. To attract 

the investments on this area, many governments worldwide have endowed strong incentives 

such as direct subsidies or tax benefits for the construction and operation of renewable 

power plants. 

So far, wind turbine has obtained relative strength over the free market somehow. This kind 

of break-through in this field is expected to continue mainly because enormous funds and 

                                            
42 World Energy Assessment 2004, energy costs (Table 7), http://www.undp.org/energy/weaover2004.htm 



 41

supports from both public and private sectors are flowing into this area. Indeed, many 

countries now regard this field as the new crucial engine for the sustainable growth. As for 

EWP, it currently strides to expand its renewable portfolio by investing on various types of 

renewable sources; wind, wave, solar, biomass, and fuel cell. 

However, behind these rose-colored prospects, some realities may hamper deployments of 

renewable energy plants for Korea. First, the low energy density of renewable energy 

sources requires relatively huge area to install renewable plants. For example, the world 

largest 1 GW UK’s offshore wind farm project, London Array, which is planned to be 

completed by 2012, will occupy 230km2 even with the big 341 wind turbines43 between 

3MW and 7MW nameplate capacity at current basis44, even though much space exists 

between each turbine45. The required land for solar farm is typically even greater than that 

of wind farm. In contrast, Dang-jin coal-fired plants complex with the current operating 

capacity of 4GW (0.5GW×8) in Korea occupies only 3.6km2. Furthermore, new 2GW 

plants (1GW×2) are at the early stage of construction process with the completion goal in 

                                            
43 The rated capacity of common wind turbine for commercial purpose is now between 1.5MW and 3MW.  

44 http://en.wikipedia.org/wiki/London_Array#cite_note-masdar-7 

45 If a wind farm is placed in the agricultural land or similar purposes, and agricultural activity is continued, the required spaces for 

wind energy can be reduced substantially.  
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2015 within the existing property46. The difference in required site may act as a crucial 

factor for small states with high population density. Indeed, Korea is a small country with 

the area of 99,000km2, and with 50 million residents, one of the highest population 

densities in the world47. Thus there could be only limited capacity for installing renewable 

energy plants.  

Second, mild climate of Korea does not seem to provide enough wind energy sources. The 

power output from wind is proportional to the cube of the wind speed48; if the wind speed 

doubles, the output becomes 8times more than the base level. The wind speed appears to be 

the most important factor in determining the economic efficiency of the wind energy, 

maybe more than the technological developments. While the windy areas such as 

Denmark49 and Ireland could be a great opportunity for the installation of wind turbines, 

mild climate areas could expect very little from the wind energy sources. One good thing of 

Korea is that this country is surrounded by sea in three sides. The wind speed of 80m 

altitude from the sea level at offshore sites is known to be about 90% higher on average 

                                            
46 http://www.ewp.co.kr/kor/ (Korean) 

47 As for North Carolina in the United States, Area 139,500km2, Population 9million  

48 European Energy Associations, http://www.ewea.org/fileadmin/ewea_documents/documents/publications/WETF/Facts_Summary.pdf 

49 About 19.7% of total electricity is supplied from wind power for the 5.5million residents (43,000km2) in Denmark as of 2007. 
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than on land wind speeds50. Moreover, while land wind is usually strongest at night, sea 

wind can blow hard in the afternoon, so offshore wind-farm may catch up with the peak 

load of power. Therefore, this country may focus on the offshore wind-farm projects. 

Third, the some major renewable energy sources such as wind and solar power would not 

be controlled because it directly comes from nature. We cannot control the wind speed or 

the intensity of solar radiation at certain time and period, even though fairly good 

predictions are possible with the historical climate records and best scientific tools. Due to 

this characteristics, wind and solar energy is considered as intermittent energy sources. 

Thus solar or wind power cannot represent the entire energy mix, instead these kind of 

power sources may act as merely fuel saver. To compensate the intermittent characteristics, 

some energy storage options are probable such as the installation of pumped-storage 

hydropower plants. In addition, the increase of intermittent energy source portfolio may call 

for the upgrade process for the transmission system. Fortunately, experts predict that the 

costs for the upgrade may not be so expensive51. Finally, solar and wind power plants 

demonstrate only low capacity factors because weather often betrays the desirable 

condition. During the calm and cloudy day, both wind and solar plants cannot expect 
                                            
50 Stanford University, Evaluation of Global Wind Power, http://www.stanford.edu/group/efmh/winds/global_winds.html 

51 "National Grid's response to the House of Lords Economic Affairs Select Committee investigating the economics of renewable energy 



 44

sufficient power output. Capacity factor can be expressed as the following equation.  

CF = (Actual Output for a given period)/(Maximum Possible Output for a given period)52 

A power plant with low capacity factor generates only a small fraction of its maximum 

output. Table 5-2 shows the capacity factors for some power sources. 

 

[Table 5-2 Capacity Factors for Some Typical Plants53] 

Source Capacity Factor (%) Source Capacity Factor (%) 

Wind 20~40 Coal 70~90 

Solar PV 12~15 Natural Gas 60 

 

Thus, when considering the energy supply from these renewable sources, the limit of 

capacity factors should be counted. Nonetheless, renewable power plants should be 

constructed continuously with a significant volume with the extensive and creative research 

efforts. To do so, we may solve the obstacles which current renewable energy sources have 

faster than expected and can design the future with more reliable ways.  

                                            
52 If a 1,000MW coal fired power plant actually generates 7,708,800MWh during a year, the capacity factor of this plant is 0.88. 

Capacity Factor = 7,708,800/(1,000×24×365)=7,708,800/8,760,000=0.88 

53 Wind Power Capacity Factor, http://www.ceere.org/rerl/about_wind/RERL_Fact_Sheet_2a_Capacity_Factor.pdf 
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2) Carbon Capture and Sequestration (CCS)  

 

Carbon Capture and Sequestration (CCS) is truly a promising technology which could 

mitigate the climate issues. CCS can be integrated with coal, oil and gas power plants, even 

though coal power plant with CCS would be the major target. CCS might be a crucially 

important mitigation method for Korean power industry. In fact, Korea has developed 

advanced coal combustion power technology with the overall plant efficiency of 40%, and 

electricity from coal-fired plants represents 39% of the total power production in this 

country. In addition, many of the coal-fired power plants in Korea have been constructed 

recently, which means that huge amount of capital have been invested in this area. For these 

reasons, many coal-fired power plants should continue operation at least for the next 

several decades. To operate coal-fired power plants more sustainably, the addition of CCS 

may be placed at the top priority. Furthermore, proven coal reserves can support the world 

about next 133 years at current consumption & production levels54, while peak oil warnings 

are persuasive among citizens. So it would be wiser to make every effort to find best ways 

for the safe use of coal resources rather than discarding it. 

                                            
54 World Coal Institute, Coal Facts 2008, http://www.worldcoal.org/pages/content/index.asp?PageID=188 
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[Table 5-3 Remaining Reserves of Conventional Fuels55] 

 Coal Oil Gas 

Zetta (1021) Joule 290 18.4 15.7 

 

In fact, a coal-fired power plant with CCS may reduce the emission of carbon dioxide 

between 80% and 90% of its business as usual (BAU) emissions56. In the case of EWP, the 

operation of CCS at an existing Korean standard 500MW coal-fired power plant may 

reduce about 8% of the company’s current overall emissions. On the other hand, the 

installation of CCS equipment and the need for the extra energy consumption calls for the 

significant cost increases from 21% to 91% depending on the situations57.  

While not a few approaches for capturing have been proposed, there are three major 

technologies which seem to be more feasible than others. These technologies include post-

combustion, pre-combustion, and oxy-fuel combustion. Studies on the capturing have been 

focused on post-combustion method because the concept seems to be the most feasible. In 

                                            
55 http://pubs.usgs.gov/dds/dds-060/ESpt4.html#Table 

56 IPCC special report on Carbon Dioxide Capture and Storage, 2005, pp442, 

 http://www.ipcc.ch/pdf/special-reports/srccs/srccs_wholereport.pdf 

57 IPCC special report on Carbon Dioxide Capture and Storage, 2005, pp442, 

 http://www.ipcc.ch/pdf/special-reports/srccs/srccs_wholereport.pdf 
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this system, carbon dioxide at flue gases is captured. Capturing equipment might be added 

both in existing and new plants. Yet, in order to apply post-combustion capturing 

equipment in existing plants, the power plant should be retrofitted. Figure 5-1 shows the 

typical arrangement of post-combustion carbon capture equipment in a power plant. This 

equipment can be added between the Flue Gas Desulfurization (FGD) facility and the stack. 

As for chemical absorbers, in general, amines or ammonia can be used to capture carbon 

dioxide in the flue gas. Currently, ammonia method is projected to be more potential for 

reducing the costs.  

 

[Figure 5.1 Arrangement of Carbon Capture Equipment (Post-Combustion)58] 

 

                                            
58 http://www.nma.org/ccs/carboncapture.asp 
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Although, costs are dependent on the type of capturing process, transport distance to 

storage site and storage methods, this large range of cost may represent the high uncertainty 

in the economic estimation of this technology. As a matter of fact, despite of many various 

efforts for efficient CCS technologies, no integrated large-scale commercial power plant 

with CCS is on operation. Researchers and engineers are still demonstrating the 

performance with small-scale pilot plants with CCS. Figure 5-2 shows the common process 

of CCS system integrated with power plant. There are four major components in this 

system; capturing, compressing, transporting and sequestering.  

[Figure 5-2 CCS Components59] 

 

                                            
59 GTSP, Carbon Dioxide Capture and Geologic Storage,pp9, http://www.pnl.gov/gtsp/docs/ccs_report.pdf 
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Actually, CCS may not be a rocket science. Carbon dioxides are captured, processed, 

transported and sequestered in many industrial processes (Figure 5-3). For example, oil 

exploitation industry injects carbon dioxide into declining oil fields to squeeze extra oil or 

gas out. In the United States, for example, each year about 30 to 50 million tons of carbon 

dioxide is injected into dwindling oil fields60. So far, the world’s largest single CCS is 

Weyburn project in Canada61, where carbon dioxide is injected at a rate of 1.5million ton 

per year to enhance the oil recovery62. This project demonstrated that carbon dioxide can be 

stored safely and permanently at geological formations with some costs offset by selling 

additional oil volume. If planned projects are included, the Gorgon Project which is 

supposed to start operation in 2011 in Australia will be the world largest with the storage 

rate of 3.6million ton of carbon dioxide63.  

 

 

 

                                            
60 IPCC, Underground geological storage, http://www.ipcc.ch/pdf/special-reports/srccs/srccs_chapter5.pdf 

61 Carbon dioxides captured at coal gasification plant producing methane gas in North Dakota, in the United States are used for 

Weyburn oil field to increase oil production. The injection rate is expected to increase from 2009.  

62 Allan Casey, ibid, pp 59 

63 http://www.netl.doe.gov/energy-analyses/pubs/CCSregulatorypaperFinalReport.pdf 
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[Figure 5-3 Major Current and Planned CCS Projects64] 

 

 

However, in practice, difficulties of CCS are dispersed onto the overall area of this 

technology. It seems that CCS should overcome the three major obstacles; costs for the 

process, quantity of carbon dioxide to be treated, safe disposal method. As briefly 

mentioned above, CCS may not require cutting-edge technology because the chemistry of 

carbon dioxide is just simple, but the costs should be reduced significantly. The dominant 

portion of cost comes from the capturing process and many brilliant proposals and methods 

have been conducted for the best capturing technology65. Thus, overall costs could be down 

sooner or later. Figure 5-4 shows the cost estimation of CCS in 2030. 
                                            
64 http://www.netl.doe.gov/energy-analyses/pubs/CCSregulatorypaperFinalReport.pdf 
65 http://www.netl.doe.gov/energy-analyses/pubs/CCSregulatorypaperFinalReport.pdf 
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[Figure 5-4 CCS Cost Curve (2030 Estimation)66] 

 

 

The quantity of carbon dioxide at flue gas is another important matter. Typically, a 500MW 

standard coal-fired power plant emits about 3.5million ton of carbon dioxide annually67. 

This amount is far more than the coal consumption of 1.4 million ton per year at the same 

plant68. This indicates that huge sized CCS equipment should be constructed just beside the 

power plant. Besides, this large amount of captured carbon dioxide should be sequestered 

by a certain secure method. Considering the small and populous Korea territory, it may not 

be easy task to find suitable locations for the storage of carbon dioxide.  

Potential types in Korea include geological storage (saline aquifer, basalt formation, and 

                                            
66 http://www.bcg.com/impact_expertise/publications/files/Carbon_Capture_and_Storage_Jun_2008.pdf 
67 Capacity Factor 0.90, Emission Factor 0.89kg-CO2/kWh 

68 http://www.ewp.co.kr (Korean) 
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unminenable coal seam), ocean storage, and mineral storage. Storing carbon dioxide at 

deep saline aquifer and basalt formation are projected to be potentially promising 

candidates because of the ample capacity and common occurrences. As for the saline 

aquifer storage, the location is typically 1km below the ground level. Injected carbon 

dioxide can be easily dissolved into saline water surrounded by porous rocks, and dissolved 

carbon dioxide may turn into carbonate with chemical reactions with rocks, which would 

increase the stability of captured carbon dioxide. Impermeable bed rocks, so called cap rock, 

which place on top of the aquifer, seal the sequestered carbon dioxide from escaping into 

the atmosphere. While concerns about carbon dioxide leakage exist, IPCC estimates that at 

least 99% of injected carbon dioxide can be stored more than 1,000 years, if the site is well-

selected and carefully managed69. Ocean storage also may become a practical method 

because majority of power plants in Korea is located at coasts70. If the storage site of 

carbon dioxide is deeper than 3.5km in the ocean, the density of injected liquid carbon 

dioxide becomes greater than that of the surrounded sea water71, which makes this material 

stable at the bottom of the sea. However, concerns about the lack of information about the 

                                            
69 IPCC, Special Report(Carbon Capture and Storage), http://www.ipcc.ch/pdf/special-reports/srccs/srccs_summaryforpolicymakers.pdf 

70 In fact, Donghae Sea at the eastern side of this country seems to have the enough depth for ocean storage. 

71 Economic Evaluation of CO2 Ocean Sequestration in Korea, 

http://www.isope.org/publications/proceedings/ISOPE_OMS/OMS%202007/papers/M07OMS-62park.pdf 
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deep ocean eco-system, ocean acidification, and carbon dioxide leakage should be resolved 

beforehand. At the same time, mineral storage could be another attractive method. This 

approach does not require transport process to the deep undergrounds or oceans, because it 

can produce useful carbonate salt. For example, Figure 5-5 shows the Skyonic’s process, 

“SkyMine”, producing sodium carbonate (Na2CO3), known as baking soda.  

[Figure 5-5 SkyMine Process72] 

 

 

As described above, many efforts are being made in various aspects to develop creative 

CCS technology. Although, it may take time to accomplish commercial scale CCS 

technology, it seems to be certain that CCS will play a significant role in mitigating 

emissions. Indeed, realizing reliable and cost-efficient CCS technology is critical to Korea 

power industry, considering the capacity factor of the thermal power plants. 
                                            
72 http://science.howstuffworks.com/baking-soda-save-environment1.htm 



 54

3) Nuclear Power  

 

In fact, constructing nuclear power plant cannot be the option by EWP which I have 

selected because there is an exclusive nuclear power company, KHNP (Korea Hydro & 

Nuclear Power Corporation) which deals with the construction and O&M of this kind of 

plant in Korea. This company alone accounts for 39% of the national power generation73. 

However, this nuclear option has been argued as one of the most practical energy sources 

so far among some experts, so I chose this method to see the results. Nuclear power plant 

turned out to be the most competitive option. It appears to be even more economical than 

the BAU.  

However, there are some tricky aspects when we evaluate the economical efficiency of a 

nuclear power plant. First, the cost of a nuclear power plant might be arbitrary to some 

extent. For example, in Korea the construction cost of nuclear plant is reported as about 

$2.5billion per unit with 1.4GW as of 200874, while in the US, the cost is extremely more 

expensive than that of Korea. According to Wall Street Journal, surprisingly, the 

                                            
73 Electric Power Statistics Information System, http://www.kpx.or.kr/epsis/ (Korean) 

74 Maeil Business News, Korea Will Build More Than Nine Nuclear Units, 

http://kr.news.yahoo.com/service/news/shellview2.htm?linkid=641&newssetid=81&moduleid=&pid=&articleid=2008060118084769698

&title (Korean) 
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construction cost of a nuclear plant in the US is expected to range from $5 billion to $12 

billion for each unit75. These values are about 2 to 4 times more expensive than the original 

cost estimations. This finding of astonishingly high costs in the US has become the main 

barrier against the resurgence of this power technology. In fact, in the US, a nuclear plant is 

considered as much more expensive energy source than coal-fired power plant. For 

example, nuclear project in Florida may be cancelled because this project incurred the surge 

of the electricity bills, and the public has protested against this unexpected price hike76.  

While there is a probability that the cost estimations of Korea may not have been updated to 

the latest changes, perhaps this huge gap in capital investment might be explained a little bit 

by the different circumstances which these countries face with. Korea is constructing six 

nuclear power plants in the existing sites beside the currently operating nuclear plant 

complexes77. In this case, they do not have to buy new construction sites, and to spend 

some other infra structures which are needed for the initial development. If new sites are 

required to construct more nuclear plants as the intention of the Korean government, the 

                                            

75 Wall Street Journal, New Wave of Nuclear Plants Faces High Costs,   

http://online.wsj.com/article/SB121055252677483933.html?mod=hpp_us_whats_news 

76 http://www.ajc.com/metro/content/metro/stories/2009/02/23/nuke_states.html 

77 http://en.wikipedia.org/wiki/Nuclear_power_in_South_Korea 



 56

construction cost might be more than doubled78. As a matter of fact, Korean government 

additionally plans to construct 11 or more nuclear power plants at undeveloped areas by 

203079. But the construction location has not been decided yet. On the other hand, nuclear 

projects in the US mentioned above seem to be started at undeveloped locations, so the 

initial capital investment should include many supplementary components.  

Anyway, in the US, the overall cost of generating electricity in a nuclear plant is regarded 

as way more expensive than that of a coal-fired plant.80. The latest cost analysis conducted 

by Black & Veatch shows well these differences; new conventional coal plant 7.8cent/kWh, 

new nuclear plant 10.8cent/kWh and natural gas plant 10.6cent/kWh81. Moreover, the old 

cost comparison data of table 5-4 also represent this trend of differences. One possible 

factor of this apparent difference in the power generation cost might lie in the discrepancy 

of the fuel prices82.  

 
                                            

78 Energy Economy News, Nuclear Expansion ; Selecting the 5th site is the key point, 

http://eenews.co.kr/sub/section_view.asp?section_num=32&news_num=57110 

79 Financial News, Nuclear Power occupies 41% by 2030, 

http://www.fnnews.com/view?ra=Sent0701m_View&corp=fnnews&arcid=0921395472&cDateYear=2008&cDateMonth=08&cDateDay

=13 (Korean) 

80 OECD/NEA-IEA, Projected Cost of Generating Electricity, 1998, pp 66-71 

81 http://www.nytimes.com/2009/03/29/business/energy-environment/29renew.html?_r=2 

82 Nuclear Industry, The Study on the Power Generation Cost of Coal and Nuclear Power Plant, 2004, pp84 (Korean) 
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The fuel price of a coal power plant is way more important than that of a nuclear plant in 

determining the power generation costs. 

 

[Table 5-4 Comparison of Power Generating Cost]83 

(Unit: 0.001USD/kWh, as of July 1, 1996) 

  Capital Cost O & M Fuel Cost Sum 
Nuclear 16.83 9.60 4.27 30.70 

Korea 
Coal 11.37 8.17 14.86 34.40 

Nuclear 18.20 8.86 6.22 33.28 
USA 

Coal 11.20 5.15 8.70 25.05 

 

Unlike to the US, Korea has to import almost all of the coals from across the world 

including Australia, Indonesia, South Africa, Russia, and China, and the significant 

transportation cost should be added to the fuel prices. In addition, power companies in 

Korea do not hold enough shares in the foreign coal mining industry, which means that 

fluctuations in the fuel prices may affect the stability of power companies. However these 

explanations do not appear to adequately answer this huge gap in the capital investments.  

                                            
83 OECD/NEA-IEA, Projected Cost of Generating Electricity, 1998, pp 66-71 
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Furthermore, the methods of setting the power generation cost are different from country to 

country. Korea does not seem to sufficiently include the decommissioning cost into the 

power generation cost. Besides, this country may underestimate the nuclear waste disposing 

costs. At present, only a low and intermediate-level radioactive waste disposal site is being 

constructed since January 2006 at the end of enormous economical expenses and social 

conflicts. The construction of the repository for the used nuclear fuel and high-level 

radioactive waste is essentially required to continue and expand the operation of nuclear 

plants around 2016, because temporary storing places located at nuclear power plants are 

expected to reach their full capacity by this year84. No one appears to dare to touch this hot 

potato. The officials in the government are just advertising the principles of the necessity of 

nuclear energy. This matter is another complex hurdle which the nuclear industry should 

get through. Finally, nuclear plants in Korea normally run at almost full and constant load 

to reduce risks of accident from changing loads, which can minimize the fixed costs per 

kWh.  

The expansion of nuclear energy is a complicated problem in which economy and politics 

are intertwined. No matter how strong the government’s support to the nuclear energy, 
                                            
84 IT Times, Korean Nuclear Power Growing in Capacity, 

 
http://www.kdcstaffs.com/it/main_view.php?mode=view&nNum=4974&page=1&parts=Nuclear 
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without the approval from the interested parties and public consensus, the future of this 

sector cannot be guaranteed. To expand the nuclear energy, the government should find a 

new construction site. Korea is a small country with intensely high population density85, so 

it would be difficult to find new locations for the construction of nuclear plants. Even 

though, general people might recognize the necessity of this kind of energy source, they do 

not tend to accept the construction of this plant nearby their places of residence. To tolerate 

the interest groups especially the residents, enormous amount of supports should be 

delivered. Even after that, we cannot guarantee the successful construction of nuclear plants. 

Thus the trust that this technology is totally safe and sound should be preceded. This 

technology should prove that even human errors do not incur any fatal accidents.  

Nonetheless, it is undeniable that the pricing on the carbon makes the nuclear more 

attractive than any other fossil fuels in the future. Therefore, open and impartial discussions 

about nuclear energy should be fostered and the desirable decisions should be followed 

In summary, it could be intensely difficult to reduce carbon dioxide emissions for EWP in 

the near future without dramatic changes, because Korean economy has not been matured, 

and the economic growth essentially requires increases in power demand. In addition, 
                                            
85 Among the countries with more than 5million population, the population density of South Korea (498 persons/square kilometers) is 

behind only Bangladesh and Taiwan. 
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recently constructed and well managed coal-fired power plants demonstrate higher overall 

plant efficiency. While the potential of renewable energy is promising, it is also true that the 

physical constraints and high costs which would hamper the growth of renewable energy 

should be resolved to brighten this sector’s future.  

At present, rather than seek after one perfect solution, various efforts should be combined 

to accomplish the sustainable emissions of carbon dioxide. On the whole, innovative 

technologies from the industry and energy conservation efforts from the public should be 

performed altogether, and in terms of technology, renewable energy and CCS should be on 

the top priority.   
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