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Abstract

As concerns on global warming by the greenhouse effect escalate, national efforts 

to respond to climate changes are growing in Korea. This study was, by an 

integrated simulation framework, to address the emission of CO2 , which is the 

most contributing greenhouse gas to global warming, and assess the policy options 

to abate CO2 emissions in the transportation sector of Korea.

The applied model of this study was AIM(Asia-Pacific Integrated Model for 

Evaluating Policy Options to Reduce GHG Emission and Global Warming Impacts) 

originally developed by the National Institute for Environmental Studies of Japan. 

Based on AIM, the conditions of new energy-saving technologies selection was 

assessed under the various scenarios regarding different rates of carbon taxes, 

subsidies and the existence of a driving restriction system.

There are 3 major findings of the study. First, the carbon tax may not play any 

tole in promoting the market entry of energy-saving or low CO2 emitting vehicles 

in the future since the cost savings made by new low CO2 emitting vehicles alone 

are large enough to allow themselves to enter into the market. Second, while the 

energy consumption in the transportation sector is expected to grow very rapidly 

and high, the appropriate policy measures to curtail CO2 emissions in the 

transportation sector are very limited under the present technology development 

pace. Thus, various approaches other than the just imposition of carbon tax such as 

the nationwide driving restriction system, are required. Third, when the carbon tax 

may not be effective, subsidies, which are given to the buyers of energy-saving 

vehicles, could be another option to reduce CO2 emissions in the transportation 

sector. However, it requires a huge amount of financial sources and moderate rates 

of carbon taxes can not cover all the necessary funds. Also, subsidies are 

considered to be incompatible with polluter-pays-principle. Therefore, subsidies to 

R&D on electric cars, energy-saving vehicles and other CO2 abatement equipments 

are recommended.



Ⅰ. Introduction

1. Background of the Study

Global warming by the greenhouse effect is the most pressing global 

environmental issue of the 1990's. The scientific debates on actual occurrence of 

global warming, which are expected to continue beyond 2000, have already created 

an international convention on climate change in 1992. This convention, the 

Framework Convention on Climate Change, will function as the international 

regulatory tool to slow down the speed of climate change in the near future. Then, 

the Korean economy will face another major obstacle to economic growth in which 

the growth of production and export in energy-intensive industries has been 

significant. In 1992, carbon dioxide(CO2) emission, which was responsible for over 

half the increased greenhouse effect from 1980 to 1990, was 77.7 million TC(tons of 

carbon) in Korea. Korea's CO2 emissions was the 18th largest in the world. It is 

projected to be 158.0 million TC in 2010, which is twice that of 1992's, and will be 

within the 10th largest in the world(Lee, 1994). Thus, concerns on the necessary of 

building socio-economic and scientific response strategies grow in Korea and 

various government-affiliated research institutes are involved in developing the 

response strategies on climate change.

When the use of economic instruments are considered as tools to ease increasing 

CO2 emissions, or a "no-regret policy" option, cost-effectiveness should be the main 

criterion for adopting the policies. Considering the cost-effectiveness of economic 

instruments, the carbon tax or tradeable permits for emissions could be appropriate 

economic instruments. However, the use of these kinds of economic instruments 

affects the performance of the economy and international trade. Thus, various 

studies, such as the ones based on a "top-down approach," "bottom-up approach" 

and "mixed bag approach", should be advanced. The "top-down approach" provides 

an economy-wide analysis based on macro-economic model(Dean, 1993) while the 

"bottom-up approach" analyzes the details of technologies, different energy sources 

and specific production processes by a micro-economic benefit-cost 

analysis(Johansson and Swisher, 1993). The "mixed bag" is a set of policy 



instruments that can be used to control energy conservation and the reduction of 

CO2 emissions(Lenstra and Bonney, 1993). Then, the priority of each economic 

instrument in implementing the response strategies should be given.

One of the efforts to make these kinds of approaches more legitimate and 

acceptable is the development of integrated assessment models which can analyze, 

in a simulation framework, the emissions of greenhouse gases, the degree of climate 

change by the change of greenhouse gas concentrations in the atmosphere, the 

impact of climate change on the ecosystem and socio-economy, etc.(Morita, et al., 

1994).

 

2.  Objectives of the Study

The emissions of CO2 from the transportation sector were 11.5 million TC in 1990 

and 17.2 million TC in 1993 and their share of total emissions was 20.9% in 1990 

and 24.5% in 1993(KEEI, 1994b). It is one of the major sources of CO2 emission in 

Korea. Thus, this study focuses on the transportation sector of Korea. Its main 

objective is to estimate the CO2 emissions in the transportation sector and to assess 

appropriate policy options to abate the emissions in an integrated simulation 

framework. More specifically, this study is to assess the effects of carbon tax on 

the supply of energy-saving technologies and the resulting degree of CO2 emissions 

abated. Also, this study is to analyze the effects of subsidies and the driving 

restriction system. The driving restriction system in Korea prohibits driving on the 

days where the last digit of the vehicle license plate number coincides with the last 

digit of the date.

To achieve these goals, the analytical framework adopted is AIM(Asia-Pacific 

Integrated Model for Evaluating Policy Options to Reduce Greenhouse Gas(GHG) 

Emission and Global Warming Impacts). AIM is modified and adjusted for Korea 

and is named "AIM/KOREA." The present AIM/KOREA only covers the emission 

model of the original AIM.

Based on AIM/KOREA, the conditions of new energy-saving technologies 

selection would be assessed under various scenarios regarding different rates of 

carbon taxes, subsidies and the existence of the driving restriction system. This 

process includes the estimation of abated amounts of CO2 emissions by the 



introduction of new energy-saving technologies into the market. Then, the effect of 

carbon taxes, subsidies and the driving restriction system on those relationships are 

analyzed.



Ⅱ. Structure of AIM/KOREA

1. Structure of AIM

AIM is an integrated simulation model developed to assess the emissions of 

greenhouse gases(GHG), their abatement options, and environmental impacts of 

global warming in the Asia-Pacific area(Figure 1).

<Figure 1> A Summary of AIM

AIM is an integrated 'top-down, bottom-up' model with regional models and a 

major global model. It is interlinked with an emission model, a climate model and 

an impact model. The emission model consists of an end-use energy model and a 

technological selection model. The climate model is developed to link other emission 

and impact models. The impact model, having a spatial water balance model, an 



ecological matching model and a malaria distribution model, is used to estimate the 

in creased risks of droughts, floods, vegetation changes and malaria(Morita, et al., 

1994).

Among the 3 models, the AIM emission model is utilized for the study. It 

combines the technological selection model with the energy demand model. It could 

simulate the energy-saving mechanism and resulting CO2 abatement mechanism by 

making certain assumptions on energy service demand and energy-saving 

technologies.

 

2.  Components of AIM/KOREA

The AIM emission model, which integrates the technological selection model into 

the end-use energy demand model, is modified to be adopted to the Korean case. 

The resulting AIM/KOREA could simulate the interrelationships among the 

energy-saving technology selection, energy efficiency improvement, energy service 

demand, their related socio-economic variables and the amounts of energy 

consumption and CO2 emissions.

As shown in Figure 2, AIM/KOREA is composed of 3 modules. The first module 

is the energy service module. It estimates the amount of energy service in terms of 

energy service units, such as "ton․Km" and "seat․Km", under given scenarios 

which reflect the changes of consumption patterns, economic activities, lifestyles or 

other major economic variables. The second module is the energy efficiency 

improvement module which calculates the extent of energy efficiency improvement. 

The last one is the technology selection module, in which the most cost-effective 

technology is selected by assessing the comparative advantages of different 

energy-saving technologies.



<Figure 2> Outline of AIM End-use Energy Demand Model

AIM/KOREA is a "bottom-up" model. Thus, in the model, the energy efficiency 

improvement is evaluated by introducing the various energy-saving technologies and 

the substitutions among the technologies, taking place according to the levels of 

energy price, are analyzed. Therefore, detailed evaluation of different CO2 abatement 

options are possible in the model. Also, future energy efficiency improvement can be 

predicted since the technology selection behavior is integrated into the end-use 

energy demand model. Furthermore, this model could be extended to analyze the 

regional or global cases since it can be easily linked to the AIM World model. 

AIM/KOREA can be integrated in the "top-down" model at the final stage of 

modeling and the prices of technologies and the structure of the changes of energy 

consumption pattern are determined endogeneously within the integrated model.



3. AIM/KOREA for the Transportation Sector

AIM/KOREA covers industry sectors of steel manufacturing, cements 

manufacturing and petrochemicals manufacturing, the households and commercial 

sector and the transportation sector. However, the present study focuses on the 

transportation sector. AIM/KOREA is used to estimate the amounts of fuel 

consumption and CO2 emitted by estimating present and future sizes of energy 

services and introducing technology selections for passenger transportation modes 

and land freight modes.

4.  Data Requirements

The data required for the simulation is described in Table 1. The data regarding 

energy sources calories of different fuel types, prices of fuels and CO2 emission 

factors. Energy services represent the utilities resulting from energy consumption 

and their units are defined according to the types of energy use. The units of 

energy services in the transportation sector are ton․km for freights and seat․km 

for passengers.

Energy service technologies indicate the equipments and appliances which 

consume energy. For the transportation sector, they represent "vehicles" in the 

present study. The required data are initial costs(purchase prices) of vehicles, 

number of vehicles driven(owned), amounts of fuel consumed and saved, the 

duration period(replacement period or vintage), market shares, the years that the 

specific type of vehicle is introduced in the market and disappears for different 

types of vehicles.



<Table 1> Input Data for the Transportation Sector in Aim/Korea

 

5.  Simulation Procedure

5.1. Overall procedure

The overall simulation is done by the following procedure.

(1) The amounts of energy services in the base year are given by the actual 

consumption data and those in the future are given according to the scenarios 

externally set.

(2) Energy service technologies, i.e. new and existing vehicle models, are selected 

to meet the energy services. the selection of technologies(vehicles) and addition of 

new (energy-saving) technologies(vehicles) are based on a least cost principle in 

different production processes and means.

(3) The amount of energy consumption required to operate the adopted 

technologies (vehicle models) are estimated.



(4) Finally, the amounts of CO2 emitted are estimated. At the same time, market 

shares of energy saving technologies and existing technologies in the future market 

are identified numerically.

This procedure can be illustrated by the flow chart for the simulation(Figure 3). 

The details of service technologies classification mentioned in Figure 3 are shown in 

Table 7 of the next chapter.

5.2.  Technology selection

One of the special features of AIM is the inclusion of technological selection 

model in it. In AIM, the technology selection criterion is different when the 

replacement is needed, i.e., the duration time of vehicles is exhausted, and when the 

replacement period is still left. When the vehicle replacement time is close, the 

consumer should decide whether he or she buys the same model or a new energy 

saving model. For this, the model selects the less-cost vehicle by comparing the 

initial costs and maintenance costs(mainly fuel and repairing costs) of two 

alternative vehicles. When the vehicle replacement time is still left, the model 

selects the case where the costs of vehicle modification or additional installation of 

new parts are less than the energy costs when the same vehicle is still used, 

regardless of partial or whole retrofit or repairment. Partial retrofit indicates the 

cases where the same technologies are applied to vehicle modification and whole 

retrofit the cases where the different technologies are applied to vehicle modification. 

In the former case, the remained duration period of the vehicle is maintained as it 

was. These cases can be summarized by table 2(Morita, et al., 1994).



<Table 2> Conditions of Technology Selection



In the simulation model, the technology selection can also be made by the 

introduction of carbon taxes or subsidies. Then energy consumption and the CO2 

emissions change. For example, if carbon taxes are introduced, the energy prices go 

up and the consumption of energy declines. As a result, the relatively more 

expensive energy-saving technology is selected in the market. Also, if subsidies to 

the development costs of energy-saving technologies are introduced, initial 

development costs decrease and the less-cost technology is newly selected.

As discussed in the previous section, when a specific vehicle model is selected, 

AIM/KOREA tries to find a least-cost option for energy consumption and CO2 

emissions by assessing the initial costs, fuel costs, and taxes of the various 

energy-saving technologies(vehicles). However, there are a few points to be 

carefully reviewed.

First of all, there are factors other than economic efficiency which affect the 

technology selection, such as incomplete information on technology selection, 

uncertainty of future energy prices and expectations on future technology 

development. The above factors induce higher discounts rates and as a result, low 

energy-efficiency technologies are selected since they cost less. Matsuhashi, et 

al(1991) has estimated the future discount rates of the investment of energy-saving 

facilities in terms of a pay-back period in Japan. In was 2 years in Japan. This 

higher discount rate also applies to the United States and many other countries. It 

is less than 2 years in energy-intensive industries of the United States(ASE, 

1983)and 1 to 5 years in many IEA membership countries(IEA,1987).

Although the economic efficiency criteria may not be realistic in some aspects, the 

discrepancy between theory and the actual behavior of consumers may also come 

from the variety of individual preferences on characteristics of cars such as engine 

power, safety and appearence or irrational choice behavior on vehicle types. The 

deficiency of economic efficiency criteria may be overcome by extending the 

economic efficiency criteria while the discrepancy between theory and practice could 

be resolved by defining new socio-economic variables and developing the normative 

models reflecting the institutional arrangements for moving toward an 

energy-saving society and behavioral hindrance(Morita, et al., 1994).

 



Ⅲ. Simulation Period and Input Data

1. Projection Period

Based on 1992 data, the simulation is done up to the year 2010. The reason for 

setting the year 1992 as the base year came from the data availability. That is, the 

Report on Energy Census by the Korea Energy Economics Institute provides the 

most appropriate data for the present simulation and the most recent survey for the 

Report on Energy Census was for 1992. On the other hand, the year 2010 was 

selected as the ending year for the simulation since the technology development for 

energy-saving vehicles could be minimally predicted until 2010 and it was assumed 

that at least some new energy service technologies reducing CO2 emission could be 

developed in 2000 and the vehicles with developed technologies could run for about 

10 years.

 

2.  Details of Input Data

2.1. Classification of energy services demand in the transportation sector

Energy services in the transportation sector are separately measured for passenger 

and freight transportation. Their service measurement units are "seat․km"and"ton․

km"respectively. Service types set in the model reflect the ways of energy services 

and sizes of energy-use. Details are shown in Table 3 and the classification of 

service types in the one used in the Report on Energy Census. Right column in 

Table 3 indicates whether technological selection is made or not in each service 

types.



<Table 3> Classification of Energy Services Demand in the Transportation 

Sector

2.2. Energy prices and CO2 emission factors by fuel types

The data on energy calories of different fuel types, prices of fuels and CO2 

emission factors by fuel types are required for the simulation and they are shown 

in Table 4.

2.3.  Energy services and energy consumption

<Table 5>shows the total amounts of energy consumed in calories for different 

fuel types and the amount of energy consumed per service unit, i. e. seat․km and 

ton․km. In Table 5, the data on the upper level is the consumption by energy 

calories and the data on the lower level is for energy



<Table 4> Fuel Types

consumption by service units. The data was cited from the "1993 Report on 

Energy Census"and the data year is 1992. Since the data on the "1993 Report on 

Energy Census"was compiled by TOE, 10
7
Kcal of 1 TOE was assumed to convert 

the TOE data to energy calories data. The number of passengers for the private 

passenger cars is 1, and the data of seat․km for taxis was obtained by dividing 

the Energy census data by 4 since the data on taxis from the "1993 Report on 

Energy Census"was assumed to be 4 passengers. Since the number of "privately 

owned buses for more than 16 persons"was very small, they were included in 

"buses for more than 16 persons (transportation industry)." The data for "buses for 

more than 16 persons (transportation industry)"is the average for inter-urban, urban, 

charter buses and hearse transport buses. Unit energy services data for buses and 

trucks was calculated by the following formula.

Unit energy consumption=total energy consumption÷[No. of buses×annual driving 

distances×average No. of passengers (average load weight)]

Energy service levels per vehicle by service types, measured by seat․km and to



n․km, are shown in Table 6. This energy service data in utilized to estimate the 

least cost option for technology selection. In table 6, new model indicate the vehicle 

model that has improved energy-efficiency significantly by replacing the initial 

engine types and bodies.

The data for old models in table 6 is also for 1992 and provided by the "1993 

Report on Energy Census." The data for new models is obtained by using the 

energy consumption of different vehicle types and the numbers of licensed cars. 

"Seat․km"and "ton․km"for different vehicle types were calculated by the following 

formula.

Passenger transportation:

seat․km/year=total energy consumption(Kcal)÷

[unit energy consumption(Kcal/seat․km)×No. of cars×Average No. of passengers];



<Table 5>Energy consumption by Calories and Service Units

Freight transportation:

ton․km/year=total energy consumption(Kcal)÷[unit energy consumption(Kcal/ton․

km)×No. of cars ×Average No. of passengers],

where the data of unit energy consumption(Kcal/seat․km, ton․km) is obtained 

from Table 5.



<Table 6>Energy Sevices by Vehicle Types(units:seat․km, ton․km/year)

2.4 New energy service technologies selection data

Table 7 describes the data set used for technologies(vehicles)selection in the 

study. The definition of new model in Table 8 is the same as that of Table 6. The 

representative cars of each categories are Excel(1), Sonata(2), Grandeur(3), small 

Stellar(4), medium Stellar(5), Korando(6), Besta(7), Hyundai Aero City 540 Bus(8), 

Bongo(14), Kia 2.5 ton truck(K-3000)(15), Kia Rhino 5 ton truck(K-6700)(16), 

Hyundai 8 ton cargo truck(17), Hyundai 11 ton cargo truck(18), and Hyundai 15 ton 

dump truck(19), Low emission vehicles represent the cars whose energy efficiencies 

and reduction of air pollutants emissions are improved significantly by new engine 

types and body modofication.

In Table 7, the fixed costs were calculated by dividing the vehicle prices by unit 

energy services of seat․km or ton․km per vehicle. Energy consumption data for 

old models of passenger cars, jeeps, buses and trucks is provided by Table 5. For 

the rest of the old model vehicles, the 1992 Energy Census data was applied. In 

calculating the energy consumption data for new model vehicles, the various 

assumptions on fuel efficiency rates were made. The government-published fuel 



efficiency rates were applied to private passenger cars for new models. For small 

business passenger cars(taxis less than 1500cc), 14% of the fuel efficiency 

improvement rate was applied to the actual fuel efficiency rates of 1992. 14% of the 

fuel efficiency improvement rate is the target fuel efficiency rate for 1994 in X-5 

Project. X-5 Project was a cooperative strategy plan between the government and 

the automobile industry to develop high-techs for cars and expand the automobile 

manaufacturing industry in the 2000's. For taxis more than 1501cc and buses, 5% 

of the fuel efficiency improvement rates were applied to the actual fuel efficiency 

rates of 1992. 3% of the fuel efficiency improvement rate was assumed for trucks 

and 11% for jeeps. For electric passenger cars, the data was based on the pilot car. 

Thus, the exact data on fuel consumption(or fuel efficiency rate)could not be 

provided and the price was a rough estimate provided by the producer. Low 

emission car 1 is the methane and gasoline mixed engine car developed by Hyundai 

Motor Corporation and it is not commercially sold yet. Hyundai Corporation insists 

that this car made about 10% of the fuel efficiency rate improvement. Thus, the 

energy efficiency suggested in the table is assumed to be improved by 10% 

compared to actual fuel efficiency rates. Low emission



<Table 7>Technology Status and Casts by Vehicle Types

car 2(methanole engine car) indicates methanole Scoupe and they are not 

commercially sold yet in Korea. This methanole car is assumed to give 5% of the 

fuel efficiency rate. There are two types of trucks according to ownership, i.e., 

privately owned trucks and company owned trucks. All the trucks are for industry 

uses. Due to data deficiency, the energy consumption data was calculated based on 

privately owned trucks.

The averaged market prices of cars were applied to obtain the fixed costs. 

However, the prices of buses and trucks more than 8 tonnes in 1992 were not 

aviailable. Thus, 1994 prices were applied to those vehicles. For the prices of new 



models, the personnel of the car manufacturing companies were interviewed and 

they insisted that the prices of large trucks and buses, without the additions of 

special options, have barely changed since the middle of the 1980's. Thus, 1994 

prices were applied to those cases. The electric car, a Pride model produced by Kia 

Motor Corporation, was sold at 18,300,000 Won in July of 1994 and this data was 

used to calculate the fixed cost. Kia Motor Corporation has also developed the 

electric Besta and the price is estimated to be 4 times that of the ordinary Besta.

Regarding the entry years of new model vehicles, it was assumed to be 1992. For 

the exit years of each new model, the year 2010 was applied to most cases.

The emission factor of gasoline is applied to the calculation of CO2 emissions by 

gasoline-methanole mixed cars, and for methanole cars the LPG emission factor.

 

3.  Data Limitations

The data format suggested in the AIM emission model does not exactly match 

the actual data existing in Korea. Therefore, the various assumption and corrections 

were made for the simulation. The main data limitations could be summarized as 

follows. First of all, in regard to the data on fuel efficiencies and energy 

consumption, many discrepancies between the fuel efficiencies of passenger cars 

published by the government and actual road fuel efficiencies exist. The fuel 

efficiency rates for other types of vehicles have not been measured by the 

government and are published by the vehicle manufacturing companies. Thus, they 

are also very different from actual road fuel efficiencies and the vehicle 

manufacturing companies admits this problem. Concerning the new model cars 

which are treated as higher fuel efficiency cars in this analysis, most of them are 

made experimentally and have not been commercially sold in market except for the 

electric cars. Even though the electric cars are not at the stage of commercial sale 

yet, a few cars were sold in 1994. Many experts say that the electric cars sold in 

1994 were just to promote the image of the company. Due to these reasons, the fuel 

efficiency rates based on energy consumption and driving distances data provided 

by the "1993 Report on Energy Census" were used for the simulation. However, the 

vehicle type classification on the Report on Energy Census is different from the one 

that is used in the statistics for the number of vehicles owned and driving years by 

the Korea Automobile Manufacturers Association. As a result, some assumptions 

and adjustments were made to compile the appropriate fuel efficiencies and energy 



consumption. Another data problem concerns the distinction between new 

energy-saving(or higher fuel efficiency) models and existing models(lower fuel 

efficiency cars). That is, the entry of new energy-saving(CO2 emission abating) 

mtechnology into the market is hard to tell. The introduction of new model cars are 

mainly done by modifying bodies and some parts of the existing models and for 

power-up. Somtmes, new engines, such as the Excel's, are developed. However, 

these activities do not significantly contribute to abating CO2 emissions. No special 

technology developments to decrease the CO2 emissions have been made. Adversely, 

CO2 emissions by passenger cars may have increased due to the power-up of 

passenger cars. Furthermore, consumers tend to prefer large cars in Korea these 

days.

In future studies, these data limitations should be overcome for a more refined 

analysis.

 



Ⅳ.Outputs of Simulation

1. Scenario Setting

Various scenarios on future energy consumption can be made for the model 

simulation and the scenario set for the present analysis is shown in Table 8. In 

Table 8, the base year is 1992 and the energy consumption of 1992 on the second 

column was calculated by the following formula:

Total energy consumption(seat․km, ton․km)

=total energy consumption in calories(Kcal)÷[unit energy consumption per 

vehicle(Kcal/seat․km, ton․km)]

That is, total energy consumptions for each service types in 1992 were calculated 

through dividing the figures of the upper level by those of the lower level in Table 

5. On the other hand, since the predicted data on annual increses of seat․km and 

ton․km is not available, they are replaced with the predicted annual increase rates 

of energy consumption in the transportation sector. This data was povided from the 

"Long-Term Energy Demand 2030"by the Korea Energy Economics Institute(KEEI, 

October 1994a) and is business-as-usual(BAU) data. therefore, this data would have 

some discrepancies from seat․km and ton․km data directly estimated.

As mentioned earlier, the 1992 prices of technologies and CO2 emission factors are 

assumed to be the same in the future in this bottom-up analysis. This assumption 

can be modified when AIM/KOREA is integrated into the top-down model.

<Table 8>The Scenario on Future Energy Consumption in the Trasportation 

Sector



 

2.  Outputs

2.1.CO2 emissions by the BAU scenario

CO2 emissions of base year(1992) in the transportation sector was 12.5 million TC 

and that of year 2010 is predicted to be 32.8 million TC, which is about 2.6 times 

that of 1992's. 32.8 million TC is not much different from the CO2 emission 

predicted by the KEEI(1993), 33.8 million TC. The increase of CO2 emission by 

gasoline cars is especially significant in 2010. CO2 emission by gasoline cars in 1992 

was 3.3 million TC and is predicted to be 12.0 million TC in 2010 which is about 

3.6 times that of 1992's(Table 9 and Figure 4). This increase will be due to the 

increase of vehicle number whose incremental



<Table 9>Predicted CO2 Emissions in the Transportation Sector under the 

BAU Scenario(unit:TC)



<Table 10>Market Share Variation by Vehicle Types under the BAU 

Scenario



<Figure 4> Predicted CO₂Emissions in the Transportation Sector under the 

BAU Scenario by Fuel Types

CO₂emission will exceed the reduced amount of CO₂emitted by new 

energy-saving vehicles.

Most of the old technology vehicles will be replaced by new energy-saving or 

technology vehicles by the year 2000 under the BAU scenario(Table 10). That is, 

without carbon taxes, new energy-saving(high fuel-efficiency) vehicles, excluding 

'electric cars', 'buses more than 16 persons' and all sizes of trucks, will enter the 

market by 100% in the year 2000 since their energy consumption and fixed costs 

are relatively low. In addition, all types of vehicles, excluding electric cars, will 

replace the old technology vehicles by the year 2005. The electric cars will not be 

introduced into the market even in the year 2010 due to high fixed costs. Also, 

'buses less than 16 persons', 'trucks less than 1 ton', 'trucks less than 3 tonnes' 

and 'trucks less than 5 tonnes' have the same technology selection structure as 

that of the base year since the cost saving made by reduction of energy 

consumption is greater that that made by reduction of fixed costs(Table 7 and 

Table 10).



2.2. Effects of carbon taxes and subsidies

Carbon taxes are regarded as an effective economic instrument to abate CO₂

emissions. While several countries such as Finland, Norway, Sweden, Denmark and 

the Netherlands are imposing a carbon tax or energy/carbon tax, their rates vary 

across the countries. EU has proposed 22 US dollars per TC in 1993 and Japan is 

proposing 3,000 Yen per TC. In the case of the Korean transportation sector, the 

effect of a carbon tax is found to be insignificant since the reduction of CO₂

emissions has not been made with the imposition of carbon taxes by different rates. 

That is, with carbon taxes of 20,000 Won/TC, 50,000 Won/TC and 100,000 Won/TC, 

no reduction of CO2 emission shave been made in the simulation. In addition, the 

technology selection structure under the BAU scenario did not change under carbon 

taxes. Thus, the details of the effects of carbon taxes are not reported here.

On the other hand, another simulation has been done to identify the effects of 

carbon taxes and subsidies by the carbon tax revenue on the reduction of CO₂

emission and technology selection. That is, it was assumed that 20,000 Won/TC of 

carbon tax would be imposed and all the carbon tax revenue would be directly 

redistributed to the purchasers of electric cars to encourage the adoption of electric 

cars. Redistribution by the carbon tax revenue is to prevent new financial burdens 

by the government. It was also assumed that the carbon tax would be imposed 

from 1996 and subsidies would be redistributed from 1997. Then, the simulation was 

made again. In the simulation, the total carbon tax revenue with 20,000 Won/TC 

was 429.5 billion Won in 2000, and 634.2 billion Won in 2010. About 13.6 million 

Won of subsidy per vehicle(small passenger car whose engine capacity is less than 

1500cc) in 1992 price is required for the entry of electric cars after the year 2000. 

Only 4.0% of new small passenger cars in 2010 will enter into the market as 

electric cars with the subsidy of 634.2 billion Won and their resulting CO₂reduction 

will be 0.24 million TC. In 2000, 4.7% of new small passenger cars will enter into 

the market as market as electric cars with the subsidy of 429.5 billion Won and 

their resulting CO₂reduction will be 0.15 million TC. If all the small-size passenger 

cars that entered into the market in 2010 were subsidized, the size of total subsidy 

required would be 17,067.6 billion Won and 6.1 million TC of CO₂would be 

reduced. This amount is 18% of the total CO₂emission of the transportation sector 

in 2010(Table 11).



In principle, financial assistance or subsidy is incompatible with the polluter-pays- 

principle. Thus, subsidizing the purchasers of electric cars may not be a viable 

option for the government. However, it can be compatible with the 

polluter-pays-principle if the tax revenue goes to research and development on CO

₂abatement technologies(OECD, 1993). Therefore, an analysis of the effects of 

subsidies to research and development on CO₂abatement technologies is 

recommended in the future study.

<Table 11> Comparison of CO₂Emissions under Different Scenarios

2.3. Effects of the driving restriction system

To measure the effect of the driving restriction system, which prohibits driving 

on the days where the last digit of the vehicle license plate is the same as that of 

the date, on fuel consumption, the following formulas were used.

Energy consumption by nationwide implementation = actual fuel consumption × (1 

- reduction rate by system implementation)

Energy consumption by Seoul area implementation = actual fuel consumption in 

Seoul × (1 - reduction rate by system implementation) + actual fuel consumption in 

other than Seoul

Table 12 shows the changes of energy consumption when the restriction system 

is implemented in Seoul. Energy consumption is reduced by 22.79% for passenger 

cars, by 7.24% for diesel vehicles such as buses, trucks and jeeps, and by 14.26% 

for LPG taxis. The reduced rates of energy consumption in Table 12 were also 

applied to the case that the system is implemented nationally.



<Table 12> Changes of Daily Energy Consumption under the Nationwide 

Driving Restriction System

　

When the driving restriction system is implemented nationally, then total CO₂

emission in 2010 could be reduced by 12.6%(Table 13 and Figure 5) while 4% 

reduction is possible if the system is implemented only in Seoul(Table 14 and 

Figure 5).



<Table 13> Predicted CO₂Emissions in the Transportation Sector under the 

Nationwide Implementation of Driving Restriction System



<Table 14> Predicted CO₂Emissions in the Transportation Sector under the 

Implementation of Driving Restriction System in Seoul



<Figure 5> Effects of the Driving Restriction System

2.4. Summary of outputs

The simulation outputs can be summarized in terms of the abated amounts of CO

₂emitted under different scenarios regarding the policy options. Table 15 is the 

summary of the simulation outputs. As seen in Table 15, the most effective 

measure to reduce CO₂emissions from the transportation sector, in terms of the 

quantity of CO₂abated, is the imposition of carbon tax and subsidizing all the 

purchasers of small passenger cars. However, this option requires a vast amount of 

financial sources and subsidizing the purchasers may not be acceptable to foreign 

countries. Then, the nationwide implementation of driving restriction system is the 

second-effective measure. Of course, combining both options will greatly enhance 

the reduction effect of CO₂emissions from the transportation sector.



<Table 15> Abated Amounts of CO₂Emitted under Different Scenarios

One thing to be noticed here is that the ineffectiveness of carbon tax in the 

transportation sector does not mean that the carbon tax is not effective in reducing 

CO2 emissions. Much of this ineffectiveness of carbon tax is resulted from the 

characteristic of technology selection in AIM/KOREA. That is assuming that a 

medium-size passenger car emit about 1 tonne of carbon a year, even 

100,000won/TC of carbon tax is a very low tax rate can not change the structure 

of technology selection. On the other hand, the implementation costs for the 

suggested options have not been assessed in this study. Eventually, the social costs 

induced by the implementation of these various policy options, together with the 

levels of CO₂reduction, should be the important criteria for adopting the policy 

measures. This study did not cover the estimation of social costs induced by the 

introduced alternatives. AIM/KOREA should be integrated into the top-down model 

in the future study to identify these social costs and provide more reliable 

information for policy setting.

 



V. Conclusions and Future Research Orientation

In this study, CO₂emissions under the BAU scenario have been projected for the 

year 2010, based on AIM/KOREA. Also, the conditions of new energy-saving 

technologies selection have been assessed under the various scenarios regarding the 

imposition of carbon taxes and the existence of subsidies or driving restriction 

system. This process included the estimation of abated amounts of CO₂emissios by 

the introduction of new energy-saving technologies into the market. The major 

findings of the study could be summarized in three aspects.

First, as shown in Chapter IV, energy-saving or low CO₂emitting vehicles, 

except electric cars, could be fully introduced in the market in 2010 even without 

the imposition of a carbon tax since the cost savings made by new low CO₂

emitting vehicles are large enough to allow themselves to enter into the market. Of 

course, this finding holds only if the consumers behave according to the assumption 

that they follow the least cost principle.

Second, the energy consumption in transportation sector is expected to grow very 

rapidly and high. However, the appropriate policy measures, which are designed to 

reduce the energy consumption in the transportation sector significantly, may not be 

readily available and the ways to curtail CO₂emissions in the transportation sector 

are also very limited under the present technology development pace. Thus, the 

broader approaches such as conversion of land vehicle transportation to railway and 

subway transportation and changes of people's perception on technology(vehicle 

types) selection, e.g., making consumers purchase smaller and higher fuel efficiency 

cars, are required. At the same time, the natiowide implementation of the driving 

restriction system would enhance the CO₂reduction effect.

Third, the carbon tax may not be effective under the given scenario. Thus, 

subsidies, which are given to the buyers of energy-saving vehicles, could be 

another option to reduce CO₂emissions in the transportation sector. However, it 

requires a huge amount of financial sources and moderate rates of carbon taxes can 

not cover all the necessary funds. Futhermore, subsidies are considered to be 

incompatible with the polluter-pays-principle. Thus, subsides to R & D on electric 

cars, low emission vehicles and other CO₂abatement equipments, which would 

require less financial sources than direct payment to the consumers, are 

recommended.



On the other hand, the study has some limitations which require extended future 

works. First, not all of the new energy-saving or low CO₂emitting vehicles such 

as hybrid cars were introduced into the model analysis. Also, some data, e.g., the 

price and efficiency of electric cars, is not actual data. Second, it is necessary to 

incorporate the changes of vehicle prices into the analysis. If energy-saving 

technologies or vehicles are introduced into the market and their production costs 

decrease by economies of scale or the development of cost-saving technologies, then 

the prices of vehicles or technologies would decrease and this price decline should 

be reflected in the model. Third, although the implementation of driving restriction 

system has been assessed in this study, the more refined transportation model that 

reflects the congestion and changes of energy consumption by congestion should be 

utilized to simulate the effect. Also, the bus-driving-lane system and carpool 

system, which have been implemented in Korea, need to be studied in the future. 

Finally, the effects of subsidies to R & D on CO₂abatement equipment and low 

emission vehicles have not been assessed in this study. The analysis on these types 

of subsidies may give us more interesting insights on the issue of technological 

selection.
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