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Abstract. Electric vehicles offer a potential low-carbon alternative to today’s 

gasoline-powered vehicles. In line with global trends, Singapore has expressed 

interest in promoting electric vehicles on its shores. This paper investigates the 

effects of taxation, namely tax rebates and carbon taxes, on the penetration of 

electric vehicles in Singapore. A consumer vehicular preference model was 

constructed using the logit model, and the effects on the economy determined 

through an input–output analysis. Multi-objective optimization is then used to 

find the optimal tax rate. Results indicate that a tax rebate minimizes the 

negative impact on the economy at a low penetration rate of electric vehicles, 

whereas a carbon tax minimizes the negative impact on GDP at a high 

penetration rate of above 60%.   

Keywords: Electric Vehicles, Sustainable Manufacturing, Socio-Technical 
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1 Introduction 

A holistic and socio-technical approach is needed to design a green society with clean 

energy vehicles (CEVs) in terms of extended social responsibility [1]. Sustainable 

manufacturing is defined in Nakano [2] as two concepts of ‘manufacturing for 

society, mainly environmental issue’ and ‘sustainability of manufacturing sector’. 

Today, automakers are competing globally to develop CEVs. Manufacturing 

technologies are required that can reduce manufacturing costs and recycle valuable 

material. Service-oriented architectures, such as the used-battery business, have been 

developed to encourage consumers to accept EVs. Many national and local 

governments offer tax incentives to consumers to buy CEVs, and give subsidies to 

manufacturers to develop technologies such efficient batteries specifically designed 

for CEVs. This paper focuses on a taxation system to promote electric vehicles. 

An integral part of Singapore’s electric vehicle test-bedding program is positioning 

Singapore as a “Living Laboratory.” The concept envisions Singapore as a place for 

companies to leverage its public infrastructure and experience systems-level 

integration for researching, developing, and testing innovative solutions for electric 

vehicles in a real environment with human activities.  
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This research proposes an optimal taxation rate to increase the adoption rate of 

electric vehicles while considering the tradeoffs between gains in environmental 

benefits and reductions in GDP, due to decreased output in the petroleum industry as 

a result of an increase in the share of electric vehicles.  

Two types of taxation will be investigated. The first is a tax rebate levied upon the 

purchase of an electric vehicle to lower the initial price of an electric vehicle relative 

to that of a conventional car. By lowering the automobile taxes of electric vehicles 

through the tax rebate, it is hoped that the price competitiveness of electric vehicles 

will increase, influencing consumers to make the greener purchase. The second 

taxation is a carbon tax levied on the fuel used by vehicles during the utilization 

phase. Taxation during the utilization phase implies that a tax on carbon emissions 

will be imposed on gasoline in case of a conventional car and electricity in case of an 

electric vehicle. The carbon tax will vary according to the amount of carbon dioxide 

emitted, based on the well-to-wheel (WtW) emissions of a vehicle. Because WtW 

carbon dioxide emissions of conventional cars are higher than that of electric vehicles, 

consumers will pay a higher carbon tax for conventional cars. The hypothesis is that 

by further increasing the running cost of conventional gasoline-powered cars through 

the carbon tax, the price competitiveness of electric vehicles will increase, causing 

consumers to choose electric vehicles over conventional cars.  

2 Literature 

2.1 Singapore and Other Countries 

In larger countries such as the United States, Europe and Japan, there has been much 

interest in past research on the general diffusion process of alternative drive-train 

technologies [3, 4]. As the intention to promote electric vehicles is a recent 

development in Singapore, conventional researches based on Singapore as a subject 

of study have not yet been conducted. There has been largely qualitative research on 

the success of regulatory and economic instruments in urban environmental policy in 

Singapore [5]. In quantitative research, areas of focus include modeling of the number 

of cars in Singapore and comparisons between welfare effects of ownership taxes and 

usage taxes on cars [6, 7]. However, the effects of the introduction of taxes on the 

economy and environment have not been reported in conventional studies. In 

addition, promotion of electric vehicles through taxation has not been studied.  

2.2 Macro and Micro Modeling 

Traditional approaches to model vehicle diffusion can be largely categorized into 

macro and micro modeling. Macro modeling seeks to explain the aggregate economy 

whereas micro modeling refers to the representation of the behavior of consumers or 

smaller entities comprising individuals. While macro models seek to determine the 

impact on the economy and inter-relations between different sectors of the economy 

[8], they are founded on the assumption of the price rationality of consumers and do 
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not allow for the construction of a vehicular preference model that includes 

characteristics beyond cost considerations. In contrast, while micro models are 

concerned with the vehicular preferences of consumers and the penetration rate of 

electric vehicles [9], there is insufficient treatment of the effects on the aggregate 

economy such as industrial structure, GDP, and the interconnections between sectors 

of the economy. A study on carbon taxation has been studied by using life cycle 

assessment [10], but GDP is not considered.  

This paper thus seeks to harness strengths and compensate for the weaknesses of 

both macro and micro modeling approaches by combining both macro and micro 

approaches. The logit model based on past vehicle population data is used to 

determine vehicular preferences of consumers and predict the share of electric 

vehicles, while the impact of the proposed taxation on the economy is measured using 

an input–output analysis. 

2.3 Tax Rebate and Carbon Tax 

Conventional studies [8, 9] have primarily focused on the effects of one particular 

type of taxation, and merits and demerits of different types of tax policies have not 

been compared. In addition, while conventional researches have examined the effects 

of a tax on gasoline, the effects of a carbon tax levied on the “fuel” used by a vehicle, 

i.e., electricity taxed in case of electric vehicles, have not been studied. This paper, 

therefore, compares the effects of a tax rebate and a carbon tax based on Well-to-

Wheel (WtW) carbon dioxide emission calculations. 

3 Methodology 

The effect of taxation on the share of electric vehicles up to 2020 will first be 

determined using a consumer vehicular preference model, by considering a projected 

decrease in the cost of electric vehicles and rising oil prices. The consumer vehicular 

preference model will be constructed using the logit model, based on past vehicle 

population data. The consumer utility function described below depends on two 

variables, i.e., lifecycle cost (LCC) or total ownership cost of a vehicle and previous 

year’s vehicle share (VS). EV and GV denote electric vehicle and gasoline vehicle 

respectively.  

(1) 

 
{ }GVEVk ,∈ .                                                 

Vehicular population data of Singapore, categorized according to type of fuel, 

released by the Land Transport Authority was used to determine the consumer 

vehicular preference model. The data from 2006 to 2010 was used for the purpose of 

this paper. The share of vehicles Sk is then calculated as follows. 
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The impact on the economy is then measured using the input–output analysis by the 

following equation. 

             

(3) 

where X, A, and F refer to domestic product, input coefficient matrix, and final 

demand, respectively. The 2005 benchmark Input-output tables have been compiled 

to analyze 136 industrial sectors and commodities [11]. For the purpose of this study, 

the tables that have been aggregated into 12 industrial sectors and commodities are 

used. Multi-objective optimization is used to determine the optimal tax that minimizes 

the adverse effect on the economy and maximizes the reduction in carbon dioxide 

emissions, based on the following equation:  

                subject to 0 ≤ t ≤ Tmax, 

where ∆ECON is the increase in gross national output, ∆CO2 is the reduction in 

carbon dioxide emissions, t is the tax rate, and Tmax is the maximum tax rate when 

99% electric vehicle share is reached. ∆ECON and ∆CO2 are functions of taxation 

rate, and their equations are determined by fitting trend lines to the data obtained. The 

weights on GDP and CO2 are denoted by w1 and w2 respectively. As shown in Table 

1, w1 will take on a range of values from 0 to 1, and w2 will be calculated using the 

relation w2 = 1-w1. The optimal taxation rate for the different combinations of weights 

will be determined using the SOLVER tool in Microsoft Excel.  

Table 1. Combination of weights for determination of optimal tax rate 

Weight on GDP (w1) Weight on CO2 (w2) 

0 1 

0.1 0.9 

0.2 0.8 

0.3 0.7 

0.4 0.6 

0.5 0.5 

0.6 0.4 

0.7 0.3 

0.8 0.2 

0.9 0.1 

1 0 

 

 

(4) 

(5) 
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4 Results 

4.1 Effect of Tax Rebate 

The cost of vehicles in Singapore is given by the sum of its Open Market Value 

(OMV), Registration Fee ($140), Additional Registration Fee (100% of OMV) and 

Excise Duty (20% of OMV). Figure 1 shows that as the amount of the tax rebate for 

only EVs increases, the share of EVs increases. In the absence of any form of 

taxation, only a 1.4% share of electric vehicles will be reached in 2020, even after 

considering the fall in battery costs and rising oil prices. To reach 30% share by 2020, 

the amount of tax rebate needed is approximately 53% of OMV, which denotes the 

cost of the vehicle. 

In determining the industrial structure, no change in final demand was assumed in 

the retail trade of vehicles or petrol kiosks/ charging stations. This is because the 

decrease in demand for petrol-related services will be compensated by the increase in 

demand for electric vehicle-related services. The trend captured in 2020 is taken to be 

representative of other years as well. Note that a decrease in demand for gasoline and 

an increase in demand for electricity cause a corresponding decrease in output in the 

oil industry and increase in output in the utilities sector. The extent of the decrease in 

output in the oil industry exceeds the increase in the output in the utilities sector. This 

can be attributed to the higher price of petroleum and higher efficiency of electric 

vehicles. In the event that the tax revenue collected by the government increases, it 

will be returned to the economy via government services in the “Other Services” 

sector. 

 

Fig. 1. Share of EV against time with different tax rebate rates 
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4.1 Effect of Carbon Tax 

Figure 2 shows that as the rate of carbon tax increases, the share of electric vehicles 

increases. The amount of carbon tax needed to reach an EV share of 30% is SGD 

1.66/kg CO2. 

 

 

Fig. 2. Share of EV against time with different carbon tax rates 

For determining the changes to the industrial structure, we assume that a higher 
overall cost of vehicles as a result of carbon taxation will cause a reduction in the total 
number of vehicles. This translates into the following changes to the industrial 
structure:  

a) Reduction in final demand in the retail trade of motor vehicles 
b) Reduction in final demand in the retail trade of automotive fuels (i.e., petrol 

kiosks and charging stations)  

The changes to the industrial structure after the tax revenue is collected are re-
distributed back to the economy. Oil manufacturing and the retail trade industries 
register the largest dips in output, and other sectors show significant decreases in 
output not seen in case of a tax rebate. But note that the tax revenue collected 
increases as the tax rate increases.  

4.3 Economic Impact and Optimal Tax Rate  

It can be seen from Figure 3 that at lower levels of penetration of electric vehicles, a 
tax rebate mitigates the adverse effect on the economy, whereas at higher levels of 
penetration, the choice of a carbon tax results in a lower adverse impact on the  
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Fig. 3. Comparison of economic impact between tax rebate and carbon tax policies 

 

Fig. 4. Comparison of optimal tax rates 

economy. This is because the carbon tax causes the total number of vehicles to 
decrease, which in turn results in a decline in the output of the retail trade of 
automobiles. However, the amount of tax rebate needed to effect a high penetration  
of electric vehicles causes a significant loss in tax revenues, whereas the increased tax 
revenue collected with the carbon tax mitigates the decrease in output of the economy 
as the share of electric vehicles increases.  
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Figure 4 compares the optimal tax rates determined using multi-objective 

optimization described earlier. The optimal tax rates for both tax rebate and carbon 

tax decrease as the weight of their economic impact increases. This is because the 

higher the taxation, the larger the share of electric vehicles, and consequently, the 

lower the GDP because of decreased output in the petroleum industry.  

Therefore, if the impact on the economy is of more importance, the optimal tax rate 

should be lower. Note that the optimal tax rates for a carbon tax are skewed toward 

the region of high values. This is because the gain in environmental benefit outweighs 

the drop in GDP as a result of an increase in the share of EVs, resulting in less of a 

need to lower the optimal tax rate even at higher weights of economic impact. In other 

words, the gain in environmental benefit at all shares of EVs is so significant that 

lowering the optimal tax rate will not result in substantial benefits from a smaller 

decline in GDP.  

5 Conclusion 

A tax rebate generally causes both the output of the economy and tax revenue to 

decrease, whereas a carbon tax causes the output to decrease and the tax revenue 

collected to increase. In terms of the impact on GDP, with tax revenue assumed to be 

returned to society, a tax rebate is found to be suitable at a low penetration of electric 

vehicles, while a carbon tax will minimize the adverse impact on the economy at 

higher adoption rates of electric vehicles, above 60% share. Therefore, a suggestion 

for the Singapore government is to first implement a tax rebate to kick-start the 

promotion of electric vehicles, before switching to a carbon tax when more electric 

vehicles start plying the roads. 

With regard to environmental impact however, a carbon tax will cause a larger 

reduction in carbon dioxide than a tax rebate at every tax rate owing to a reduction in 

the total number of vehicles. A recommendation for the Singapore government is to 

opt for a carbon tax over a vehicle tax rebate if it intends to expedite the penetration 

of electric vehicles for their environmental benefits.  
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