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I. Introduction

The sustainable development, pursuing both the economic growth and the preservation of

environment, is being emphasized internationally. Since nuclear energy has enormous potential to

contribute to the sustainable development, the efficiency improvement of its development and use has

emerged as an important social issue.

In this regard, this paper takes a close look at the role of nuclear energy within the framework

of energy demand and supply, when the international environmental regulation such as the control on

carbon emission is imposed. More specifically, this paper examines the effect of carbon tax on the

various economic variables such as GDP, electricity price, energy demand, and the volume of carbon

emissions. To do so, an econometric model for energy demand and supply is developed. Here,

several scenarios on the regulation are assumed and then each scenario is analyzed by using this model.

II. Design of Model

This model investigates the effect of carbon tax on the gross domestic product(GDP) and on the

energy sector including electric sector as shown in Figure 1.

Once carbon emission regulation or carbon tax is imposed, the impacts are transferred to the

increases in the energy price of each fuel type depending on its carbon content. These increases in the

energy prices reduce energy demand both by "price effect" and by "income effect". The income effect

stems from the reduction of real GDP by the increase in energy price. Thus, the final demand for

energy, which is composed of such demand as industrial, residential & commercial, and

transportation, is determined by the degree of the changes in energy prices and GDP. On the other

hand, GDP is determined by the changes in such variables as exchange rate, wage, and heavy oil

price.

Similarly, electricity demand is also determined by fuel prices and GDP. In power generation

sector, fuel mix greatly affects the electricity price through the changes in power generation costs.

Therefore, electricity demand and electricity price are determined simultaneously in this analysis.

This model is distinguished from the other models by adding power generation sector in the

analysis of overall energy and economic activities for a national economy. This model is designed to
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put a special emphasis on the energy demand and power generation sector. It assumes, however, a

very simplified macro economic activities.

Figure 1. Design of Model
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III. Model Specification and Estimation

1. Non-Electric Final Energy Demand Equations

The basic functional form of final non-electric energy demand is specified as follows:

i_,_, +y\uGDPt +5\nPi, +OTime (1)

,where Dj, is the demand for rth fuel type in t period, GDP, is the real GDP in t period, P;, is the real

price of rth fuel type in t period, Time is a linear time trend, u is a white noise error term. The

demand for each fuel type is specified as a variational form of equation (1), depending on the fuel

type and the selection of proxy variables.

The non-electric final energy demand is divided by the purpose of its final use, and they are

composed of industrial, residential & commercial, and transportation energy demand. In the actual

estimation of the final energy demand, further sub-division is made by each fuel type. Accordingly,
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the industrial energy demand is divided into thermal energy, naphtha, and coke in actual estimation.

Residential & commercial energy demand is divided into thermal energy, coal, and heavy oil. Finally,

transportation energy is divided into gasoline, diesel, butane, jet fuel, and heavy oil.

2. Economic Activity Equations

The equations for macro economic activities figure out the macro economic impacts of changes

in energy sector. They are specified as follows:

(Total Energy Demand Equation)

TDD, =J3O+ ftPhoil, + fizWt + (5JIME, + ut (2)

,where TDD is the total energy demand, Phoil is the heavy oil price, and W is the real wage. Here,

heavy oil price is used as a proxy for oil price.

(Inverse of Energy Intensity Equation)

(GDP I TDD )t=a0+a,{ GDP / TDD),_, + azEXt_, + U, (3)

,where Ex is the exchange rate in terms of US dollar.

(GDP equation)

GDP equation is obtained by deleting and rearranging TDD which appears both in equation (2)

and (3).

GDP, = y0 + y{jDP,_y + yzPhoil, + yzPhoil,_y + y^W, + ysW,_^ + y&Ex,^ + y7T/met

where, y0 = a0 + fi0 - a^0 / , = ay y2— ft

For the simplicity, only the GDP equation describes the economic activities in this model.

3. Electric Energy Equations

Electric energy equations are composed of four blocks. The direction of causation runs from

electricity demand to fuel conversion efficiency, then to fossil fuel inputs, and finally to electricity

prices. The model is not recursive, however, as electricity prices have a feedback effect on electricity

demand.
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Electricity demand block produces the total amount of electricity sales, which is derived by

summing up sectoral demands of residential, commercial, and industrial electricity. Demand

equations for each sector are specified as a function of the value added and electricity prices for its

corresponding sector.

Fuel conversion block produces the total amount of electricity generation to meet the electricity

demand determined by electricity demand block. In this block, heat rate in fossil fuel is determined by

comparing the amount of electricity generated and the primary energy required to generate electricity

by fossil fuel.

Fuel block produces electricity fuel price, which is determined by primary fuel prices such as

anthracite coal, bituminous coal, heavy oil, LNG, and nuclear.

Electricity price block produces each sector's electricity price. It is simply determined by

marking up to the average electricity price (for total amount of electricity sales), which is mostly

dependent both on fuel prices and on power plant capital costs. In the historical estimation of average

price for electricity, only electricity fuel price was used as an independent variable in the regression

estimation, because it was almost impossible to get a reliable data on the capital costs for power plant

construction in Korea. In forecasting simulation, however, the average electricity price equation is re-

specified to reflect the changes in capital costs as well as in fuel costs. The detailed derivation of the

average electricity price equation is provided in Appendix 2.

The estimation results of the above equations are presented in Appendix 1. They are acceptable

in terms of signs of the estimated coefficient and significance level.

IV. Forecasting Assumptions and Scenarios

1. Assumptions

- Reduce carbon emission in the year of 2020 at the level of the year 2000

- Escalation of fossil fuel price(coal 1%, oil 3%, gas 3%)

- Carbon tax is levied from the year 2001 to meet the international CO2 regulation

- Gas is substituted for both coal and oil by 5% every year in non-electric energy sector when

carbon tax is levied

2. Scenarios

- Base scenario assumes that no regulation is imposed on CO2 emission.

- Quantity regulation assumes that the regulation is imposed on the quantity of carbon

emission in total.

- Population regulation assumes that the regulation is imposed on the quantity of carbon

emission per capita.
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Scenario

Base scenario
(No regulation)

Quantity-1
Scenario

Quantity-2
Scenario

Population-1
Scenario

Population-2
Scenario

Description

- No carbon tax

- Share of nuclear generation in electric sector:
(2001 - 2010: 37%~45% , 2011-2020: 45%)

- Carbon tax

- Share of nuclear generation in electric sector is the same as in base scenario.

- Carbon tax

- Increased share of nuclear generation in electric sector :
(2001 - 2010 : 50%, 2011 - 2020 : 60%)

- Carbon tax

- Share of nuclear generation in electric sector is the same as in base scenario.

- Increased share of nuclear generation in electric sector
(2001 - 2010 : 50%, 2011 - 2020 : 60%)

V. Results

The results are plotted in Figure 2, 3, 4, and 5. The regulation on the total quantity of carbon

emission(Quantity Scenarios) turned out to have great influences on the national economy. In this

case, the impacts from the regulation was so severe that there seems no policy option available other

than promoting the change in the patterns of energy consumption. Nevertheless, quantity-2 scenario

showed more favorable results. Quantity-2 scenario resulted that in the year 2020, GDP decreases by

10.2% compared with the base scenario, while the electricity price increases by 651.2%. Also, the

proper rate of carbon tax was 3,952 US$/C-ton.

Although the increase of nuclear share in electric sector contributes greatly to the stability of

economic variables in this scenario compared with quantity-1 scenario, it still seems the economy can

not stand alone under the control of the total quantity of carbon emission.

On the other hand, in the case of the regulation on the quantity of carbon emission per capita

(Population Scenarios), the impact appeared less severe than the case of the regulation on the total

quantity of carbon emission. As the same in the quantity regulation scenarios, population-2 scenario

turned out to be more favorable than population-1 scenario. The situation was greatly improved when

it was compared with that of the quantity regulation scenarios. In population-2 scenario, GDP

decreases only by 6.1% compared with base scenario in the year 2020, while the electricity price

increases by 257.1%. Also, the proper rate of carbon tax was 1,156 US$/C-ton.

This implies that the economy can, somehow, survive if the international regulation is imposed

on the quantity of carbon emission per capita instead of the total carbon emission. Also, the increased

share of nuclear can play some roles by reducing the electricity price by 46.2% in the year 2020 in

population-2 scenario, compared with population-1 scenario.
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VI. Concluding Remarks

From the results, it is found that the national economy is significantly influenced according to

which regulation is imposed. If the international regulation is imposed on the total quantity of carbon

emission, the impact would be so severe that Korean economy could not stand alone. In this case,

expanding the share of nuclear is not enough for the economy to overcome the impact from the

regulation. However, if the regulation is imposed on the quantity of carbon emission per capita

instead of the total carbon emission, it would bring definitely a better opportunity to the Korean

economy. In the latter case, there is a room that nuclear can contribute. If the share of nuclear is

increased up to 60% in 2020 instead of 45%, GDP would rise by 1.9% with the electricity price down

by 46%.

This paper investigated a proper rate of carbon tax as a tool for reducing CO2 emission in

Korea. As a result, the proper rate of carbon tax was estimated in the range of 160 - 973 US$/C-ton in

2010, which was exaggerated, compared with more or less 100 US$/C-ton usually cited in advanced

countries. However, if continuous efforts for promoting both the change in the patterns of energy

consumption and energy conservation paralleled with carbon tax, the proper carbon tax rate would be

reasonably ranged and, therefore the contribution of nuclear would increase significantly.

The econometric model developed in this paper can be extended to study on the impact of fuel

price escalation, the impact of capital investment costs increases, and so on.
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Figure 2. GDP Loss
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Figure 3. Electricity Price
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Figure 4. Carbon Emissions
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Figure 5. Carbon Tax
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<Appendix 1>

1. Non-Electric Energy Equation

(1) Industrial Energy Demand

1) Thermal Use

lnSTHDMDt = -1.978707 + 0.652570 lnSTHDMDt-i + 0.464356 lnGDPt
(-0.70) (4.37) (1.73)

- 0.015736 lnSTHPRIt
(-0.19)

OLS R2=0.99 D.W=1.23

2) Naphtha
inSNAPDMDt = -3.789704 + 0.806751 lnSNAPDMDt-i + 0.4666801n GDPt

(1.59) (5.35) (-1.60)

OLS R2= 0.97 D.W= 1.23

3) Coke
lnSCOKDMDt = 1.904203 + 0.492738 lnSCOKDMDt-i

(0.27) (2.08)

+ 0.383805 lnGDPt -0.177292 lnSCOKPRIt
(0.84) (-0.63)

OLS R2= 0.98 D.W= 2.06

(2) Residential & Commercial Energy Demand

1) Thermal Use
lnRTHDMDt = -3.314645 + 0.819194 lnRTHDMDt-i + 0.462986 lnGDPt

(-0.58) (6.39) (1.25)

-0.042854 lnRTHPRIt-i
(-0.22)

OLS R2= 0.99 D.W= 2.01

2) Heavy Oi1
lnRHODMDt = 0.497182 + 0.594146 lnGDPt -0.026240 lnRHOPRIt

(0.22) (3.99) (-0.49)

CORC p =0.613890(1.92) R2= 0.97 D.W=1.76

3) Anthracite
lnRMUDMDt = 49.869568 -0.584051 lnRMUPRIt -1.364238TIMEt

(4.60) (-0.94) (-8.23)
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CORC p =0.950087(18.40) R2= 0.97 D.W=1.76

(3) Transportation Energy Demand

1) Diesel
lnTDSDMDt = -7.321528 + 1.363675 lnGDPt -0.018378 lnTDSPRIt

(-6.87) (23.98) (-0.45)

CORC p =0.572330(1.71) R2= 0.99 D.W=1.57

2) Gasoline
lnTGADMDt= -0.648714 +0.791842 lnTGADMDt-i +0.409124 lnGDPt

(-0.11) (4.92) (0.79)

-0.185118 lnTGAPRL
(-2.40)

OLS R2=0.99 D.W= 1.73

3) Butane
lnTBTDMDt = 5.065867 +0.208392 lnGDPt -0.082744 lnTBTPRIt

(0.79) (0.43) (-1.07)

+0.058426TIMEt
(1.89)

CORC p =0.210933(0.90) R2= 0.99 D.W=2.18

4) Jet Fuel
lnTJETDMDt = 2.171997 +0.820927 lnTJETDMDt-i +0.094334 lnGDPt

(0.26) (5.38) (0.19)

-0.168080 lnTJETPRIt
(-0.68)

OLS R2=0.99 D.W=2.47

5) Heavy Oil
lnTHODMD. = 18.454567 -0.969291 lnTHOPRL

(8.41) (-5.17)

CORC p =0.083746(0.21) R2= 0.79 D.W=1.78

2. Economic Activity Equation

(1) Total Energy Demand
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lnTDDt = 2.384419 -0.042587 lnPhoilt + 0.672774 lnWt
(1.10) (-1.48) (3.98)

+ 0.040436 lnTimet
(3.14)

OLS R2=0.99 D.W= 0.90

(2) Inverse Energy Intensi ty
ln(GDP/TDD)t= -1.502118 + 1.020536 ln(GDP/TDD)t-i

(-1.91) (7.16)

+ 0.222447 lnEXt-i
(1.98)

OLS R2=0.84 D.W= 1.14

3. E l e c t r i c i t y Sector Equation

(I) E lec t r i c i t y Demand Block
(1) lnDRt = 7.377731 + 0.388354 lnGDPt - 0.301556 lnDRPRIt

(2.06) (1.55) (-2.15)

CORC p = 0.939321 R2 = 0.99 D.W = 1.57

(2) lnDC. = -0.960892 + 0.251088 lnSOCGDPt - 0.020362 lnDCPRL

(-1.87) (1.78) (-0.95)

+ 0.835354 lnDCt-i

OLS R2 = 0.99 D.W = 2.28

(3) lnDIi = 0.811482 + 0.291515 lnJEGDPt -0.091169 lnDIPRIt
(7.03) (4.28) (-3.16)

+ 0.677080 lnDL-i
(9.61)

OLS R2 = 0.99 D.W = 1.93

(4) ESALE. = DRt + DCt +DL

(II) Fuel Conversion Block

(5) TGi = (PUMPG. + ESALE,/(l-CSRt))/(l-CIRt)

(6) TGFFc = TG. x(i-SHZ4t -SHZ5t)

(7) lnTELBTUi = 1.113527 + 0.973633 lnTGFFi
(4.84) (48.35)
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CORC p = 0.897735 R2 = 0.99 D.W = 2.06

(8) HR. = (TGFF/TELBTUt) x 860 x (1/10)

(III) Fossil Fuel Block

(9) CELBTU2, = TELBTUt - CELBTUh - OELBTUh - OELBTU2t

- LELBTUt

(10) PFUELt = (CELBTUt/TELBTU) x PCI,

+ (CELBTU2/TELBTU) X pc2t

+ (OELBTUh/TELBTU) x poi t

+ (OELBTU2/TELBTU) xpO2t

+ (LELBUT/TELBUT) x PLNGt

(11) PFF. = (PFUEL, x 860)/(HRt x 104)

(12) FUELt = PFF. x (TGFF./TGt) + PNFt x (Z5t/TGt)

(IV) Price Block

(Historical Period):

(13) lnEPRIt = 3.468929 - 0.390413 lnFUELi
(8.55) (5.43)

CORC ,0=0.933682 R2 = 0.98 D.W = 1.46

(Forecasting Period):

(13-1) SACCi = SACCi-i x (TGt-i/TG. + A TGFF/TGO

+ (AZ5/TG0 x PNK.

(13-2) FCOST, = SACC. x FCR. (8760 xCFt x(l-CIRi))

(13-3) EPRIi = (FUELt - FCOSTt) x (\+a<)

(14) DRPRIt = EPRIt x FDR.

(15) DCPRIt = EPRI. x FDC.

(16) DIPRI, = EPRI. x FDIt
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4. The variables lists used in the model

4.1 Endogenous variables
STHDMD = Thermal energy demand for industrial use.
SNAPDMD = Naphtha demand for industrial use.
SCOKDMD = Coke demand for industrial use.
RTHDMD = Thermal energy demand for commercial & residential use.
RHODMD = Heavy oil demand for commercial & residential use.
RMUDMD = Anthracite demand for commercial & residential use.
TDSDMD = Diesel demand for transportation use.
TGADMD = Gasoline demand for transportation use.
TBTDMD = Butane demand for transportation use.
TJETDMD = Jet fuel demand for transportation use.
THODMD = Heavy oil demand for transportation use.
DRPRI = Electricity price for residential use.
DCPRI = Electricity price for commercial use.
DIPRI = Electricity price for industrial use.
TG = Total electric generation.
DR = Residential electricity demand.
DC = Commercial electricity demand.
DI = Industrial electricity demand.
ESALE = Total electricity demand.
FOCST = Fixed cost in generation sector(Won/kWh).
TGFF = Total generation with fossil fuels in GWh.
TELBTU = Total fossil fuel requirements in 109 Kcal
HR = Heat rate or the Real's required to generate a kilowatt hour.
PFUEL = Fuel price of generation sector in Won/106 Kcal.
PFF = Cost per kWh of fossil fuel in Won/kWh.
FUEL = Average fuel costs of generating a kWh of electricity.
EPRI = Average price for total electricity sales.
CELBTU2 = 10 Real's of bituminous coal consumed in generation sector.
SACC = Cost per megawatt of total installed capacity in Won/kW.
GDP = Gross Domestic Product in Korea.
JEGDP = Value added produced in domestic manufacturing industry.
SOCGDP = Value added produced in service sector.

4.1 Exogenous variables
P01 = Average cost of heavy oil in generation sector(Won/106 Kcal).
P02 = Average cost of diesel in generation sector(Won/106 Kcal).
PCI = Average cost of anthracite coal in generation sector(Won/106 Kcal).
PC2 = Average cost of bituminous coal in generation sector(Won/106 Kcal).
PLNG = Average cost of LNG in generation sector in Won/106 Kcal.
CIR = Power consumption loss rates in power plant site.
CSR = Loss rates in transmission & distribution of electricity.
Z4 = Hydroelectric generation in GWh.
PUMPG = Generation requirements for pumped storage power plants.
PNF = Cost per kWh of nuclear fue1(Won/kWh).
FDR = Ratio of residential electricity price in EPRI.
FDC = Ratio of commercial electricity price in EPRI.
FDI = Ratio of industrial electricity price in EPRI.
CELBTU1 = 109 Kcal's anthracite coal consumed in generation sector.
0ELBTU1 = 109 Kcal's heavy oil consumed in generation sector.
0ELBTU2 = 109 Kcal's disel consumed in generation sector.
LELBTU = 109 Kcal's LNG consumed in generation sector.
Z5 = Nuclear generation in GWh.
PNK = Cost per megawatt of new nuclear capacity.
FCR = Fixed charge rate in generation sector.
CF = Capacity factor for total installed capacity.
STHPRI = Thermal energy price for industrial use.
SCOKPRI = Coke price for industrial use.
RTHPRI = Thermal energy price for residential & commercial use.
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RHOPRI = Heavy oil price for residential & commercial use.
Time = Time trend.
RMUPRI = Anthracite coal price for residential & commercial use.
TDSPRI = Diesel price for transportation use.
TGAPRI = Gasoline price for transportation use.
TBTPRI = Butane price for transportation use.
TJETPRI = Jet fuel price for transportation use.
THOPRI = Heavy oil price for transportation use.
W = Average wage for all industries.
EX = Exchange rate(Won/US Dollar).
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