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Abstract

:

The need to mitigate CO2 emissions from the transportation sector has necessitated the adoption of electric vehicles (EVs) and other forms of alternative vehicles. Despite the global rise of EVs demand as a complementary means of green transportations, the level of adoption in Malaysia is still not encouraging. Therefore, this study aimed to investigate the cost competitiveness of EVs in comparison with Hybrid Electric Vehicles (HEVs) and an Internal Combustion Vehicle (ICV) based on Malaysia scenarios. Using the existing data in Malaysia, life cost analysis (LCC) of two EVs was computed and compared with HEVs and ICVs. The study shows that Nissan leaf and BMW i3s EVs with LCC of $1.75 and $2.5 per km are not cost-competitive based on prevalent data available in Malaysia compared to the HEVs and ICV. Based on the sensitivity analysis, changes in the components of the operating costs significantly influence the accumulated cost of ownership of the EVs whereas the cost of ownership of the HEVs and ICVs did not experience any significant influence. The findings from this study could serve as bases for policymakers to formulate appropriate policies and strategies to improve the competitiveness of EVs in Malaysia.
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1. Introduction


The transportation sector is one of the highest contributors to carbon dioxide (CO2) emissions globally [1]. According to Khalili et al. [2], global transportation demands have significantly increased greenhouse gas emissions. The transportation sector was reported to have accounted for 19% of the global final energy demand in 2015 [2]. Hence, responsible for emissions of approximately 8260 MtCO2 eq [2]. In view of these, electric vehicles (EVs) and other alternative vehicles have been projected to facilitate the mitigations of CO2 emissions [3,4]. Therefore, the demand for EVs has been on the increase since 2013 as shown in Figure 1. Similarly, since the economic activities in Malaysia has been mainly driven by energy derived from fossil fuel [5,6,7]. The transportation sector which is one of the key drivers of the economy mainly depends on fossil fuel for its activities [5]. Hence, the consumption of fossil fuel has continuously resulted in the emission of CO2 as shown in Figure 2. This phenomenon has earlier been analyzed by Mustapa and Bekhet [8] who reported that the transportation sector in Malaysia will continue to contribute to CO2 emissions unless certain policies are implemented by the government. The authors proposed that the removal of fuel subsidies can drastically reduce CO2 emissions in Malaysia. To combat CO2 emissions from the transportation sector, the government of Malaysia has formulated a series of policies in the last decade to encourage the use of alternative vehicles such as the battery electric vehicles (BEVs). One of such recent policy is the National Automotive Policy (2020) [9,10,11]. Based on the Malaysia government National Automotive Policy (2020), depicted in Figure 3, several technology developments project has been mapped out to improve the ease of owing EVs in Malaysia. These projects which have been estimated to cost RM 18.07 Million (US$4.25 Million) include the development of advanced electrode and electrolytes for Lithium-ion Battery (LiB), Battery Charge, mechanical and thermal management system, Lithium ion Battery Module Packaging and Testing, Next-Generation Battery Technology Roadmap. In the past, the series of government policies have supported the growth of the BEVs market in Malaysia. It is anticipated by the government that there would be an increase in Malaysia’s participation in the regional electric mobility after 2030. To achieve this target, impeding factors such as inadequate infrastructure to support EVs, high cost, and limited technological know-how must be addressed.



On the international scene, a series of studies have been reported on the cost analysis of EVs in various countries. Lieven et al. [14] forecasted the market potential of EVs in Germany. The study which employed 14 categories of vehicles used four predictors namely priority of price, priority of range, price barrier, and range barrier for the forecasting. The study predicted 5% of potential buyers of EVs among the 14 categories of vehicles investigated. In a similar study, Mersky et al. [15] investigated the effectiveness of incentives on EVs in Norway. The authors analyzed the sales of EVs on a regional and municipal basis in Norway and found that accessibility to EV charging infrastructure had the most significant predictive power for EV sales growth. Vergis and Chen [16] performed a comparative analysis of plug-in EV adoption in the United States. The authors considered social, economic, geographic, and policy factors in the adoption of EV. The study revealed that the factors considered have a strong correlation with the EV markets. Wang et al. [17] performed a discrete cost analysis to determine the effectiveness of policy incentives EVs acceptance in China. Based on the discrete analysis, the probability of the EV acceptance improves provided there are policy incentives. In a similar study, Diao et al. [18] reported a life cycle private cost analysis of EVs in China based on the intangible cost of traffic policies. The findings showed that the EVs considered were not economically competitive compared with the ICVs based on the tangible costs of the vehicles. Kara et al. [19] investigated the life cycle cost analysis of EVs in Australia. The study shows that the 2011 Nissan leaf EV has a higher life cycle cost compared to the Toyota Corolla ICV.



Apart from the international scene, a series of studies related to EVs have also been reported in Malaysia. Adnan et al. [20] reported the significance of encouraging the adoption of EVs in Malaysia. The authors revealed that environmental concern was the main intention of EV adoption and other alternative vehicles in Malaysia. The author further substantiated the customers’ purchase intention to adopt EVs using the extended theory of planned behavior [21]. Islam et al. [22], reported that the location of the charging infrastructure could also influence customers’ perception towards the adoption of EV. Their study proposed optimum locations and sizing of a rapid charging station that could be beneficial to EV users. In line with the work of Adnan et al. [21], Salehen et al. [23] also reiterate that the development of an effective battery management system in Malaysia could boost the adoption of EV. Based on Sang et al. [24] model, the acceptance of EVs in Malaysia is dependent on factors such as social influences, performance attributes, financial benefits, environmental concerns, demographics, infrastructure readiness, and government intervention. In addition to all these factors, the cost competitiveness of EVs could also influence the customers’ decision to adopt EVs in Malaysia. To date, the cost competitiveness of EVs in Malaysia has not been reported in the literature. According to Ayodele et al. [25], life cycle cost analysis is a robust approach to investigate the cost competitiveness of EV. Therefore, the main objective of this study is to employ the technique of life cycle cost analysis to investigate the cost competitiveness of EVs in Malaysia.




2. An Overview of Various Approaches to Life Cycle Cost Analysis


Life cycle cost analysis offers the platform for estimating the total costs associated with a product as a function of its development, production, utilization, and disposal. Various approached for performing life cycle cost analysis have been developed and utilized in literature [25]. These approaches can generally be categorized as conceptual, analytical, and heuristic [26]. The conceptual approach of life cycle cost analysis entails the use of hypothesized interaction to convey a qualitative framework. The conceptual approach has the benefit of being flexible and the tendency to be adapted to a great variety of systems. The life cycle cost analysis using the conceptual approach does not require many details for quantifying the cost features of any system. Unlike the conceptual approach, the analytical approach for life cycle cost analysis involves the formulation of mathematical expression used for the description of a product based on a set of assumptions. While the Heuristic approach for life cycle cost analysis enables an ample solution to be provided without a guarantee of the optimum solution. Table 1 summarizes the various literature on the life cycle assessment of EVs and other types of alternative vehicles. Delucchi et al. [27] developed an integrated model for the life cost analysis of EV. The integrated model was employed to analyze the performance, energy use, manufacturing cost, retail cost, and the life cycle costs of EVs. The model employed consists of a sub-model of vehicle cost and weight, a sub-model of vehicle energy use, and the assessment of the periodic ownership and operating cost. Based on the life cycle cost analysis, the authors revealed that a cost-competitive EVs can be obtained if a lower manufacturing cost and longer battery life can be attained. Unlike Delucchi et al. [27], Ogden et al. [28] performed a comparative societal life cycle cost analyses of various hybrid vehicles and EVs. The life cycle cost was expressed as a summation of the vehicle’s first cost of purchase and the present value of the lifetime cost of various components. The various components consist of the cost of fueling, non-fuel operation and maintenance, full fuel cycle air-pollutant damages, full fuel cycle greenhouse gas emissions damages, and oil supply insecurity. The study revealed that advanced hybrid vehicles have a lower life cycle cost than the ICVs. Lipman and Dulucchi [29] employed ADVISOR HEV performance model for life cycle cost analysis of the hybrid gasoline-electric vehicle. The LCC analysis was performed incorporating the EV capital cost, battery, tray, and auxiliary costs, insurance cost, cost of battery charging, maintenance and repairs costs, engine oil cost, tire replacement costs, parking, tolls, fines and accessories cost, registration cost, vehicle safety, and emissions inspection cost, federal, state, and local taxes. The study shows that the hybridization of the vehicle helps to reduce its life cycle cost. The authors reported that the design of the hybrid EV makes it more economical considering the first cost and the levelized lifecycle cost compared to the design of the BEV. Hence, a more economical HEVs is realizable in terms of private ownership costs compared to the BEVs. A cost prediction model was employed by Offer et al. [30] as the life cycle cost analysis tool for BEVs, FCEVs, and FCHEVs. The cost model incorporated the capital cost of the various vehicles, the running costs, and the end-of-life cost. The life cycle cost of BEVs and FCHEV was found to be lower than FCEVs. Based on the cost prediction model, the life cycle costs of the FCHEV and the BEV were projected to be competitive with the ICEV by 2030. The cost predictions were found to be sensitive to capital costs and the hydrogen cost. Sharma et al. [31] estimated the total cost of vehicle ownership of ICVs, HEVs, and EVs based on Australia driving conditions. The total cost of ownership of the various vehicles was calculated as the summation of the purchasing cost plus the operating cost minus the cost of re-sale of the vehicles. The results showed that the total cost of ownership of the hybrid and EVs are lower compared to that of ICVs. However, the LCC of the hybrid EVs were found to be slightly lower than the EVs. The LCC was found to be significantly influenced by the capital and running costs throughout the ownership period.




3. Material and Methods


The life cycle cost analyses employed by Kara et al. [19] and Delucchi et al. [27] were adopted in this study due to its simplicity and absence of complicated assumptions. As depicted in Figure 4, there are three components of the life cycle cost analysis namely the purchase price or the manufacturer’s suggested retail price (MSRP), the operating costs, and the cost of disposal (or resale value). All these components can be categorized under three sub-headings namely the acquisition phase, the operation phase, and the disposal phase. As shown in Figure 1, the MSRP is the recommended price by the manufacturer of the product to the retailer. The operating cost includes the cost of fuel, electricity, servicing, and registration. The resale cost is estimated based on the depreciation of the car for a period of 20 years. Series of assumptions were made in the calculation of the life cycle cost analysis which include: The cost of maintenance and repair which exclude cleaning and towing; cost of periodic purchase of engine oil; cost of replacement of tires; cost of parking, tolls and other accessories; cost of registration; various categories of taxes; inspection fees. A functional unit of 1 km driven by the EVs in Peninsular Malaysia was assumed. The EVs useful life was assumed to be 20 years with an annual mileage of 28,188 km. The local currency (Malaysia Ringgit (RM)) was converted to USD at the prevailing exchange rate while carrying out this study. The details specifications of the various vehicles used for this study are summarized in Table 2 More details are provided in Table S1. The models of the EVs include 2019 Nissan Leaf EV, and 2019 BMW i3s. For comparison two models of hybrid cars namely 2018 Hyundai Ioniq HEV Plus and 2018 Jazz 1.5 Hybrid were adopted. The ICV used for comparison is Perodua Myvi 1.5 High AT. The details of the MSRP for each of the vehicles are summarized in Table 2.




4. Results and Discussion


The CO2 emissions from each of the categories of vehicles analyzed in this study are depicted in Figure 5. As shown in Figure 5, the EVs have a CO2 emission advantage compared to the hybrid and the ICV. Hawkins et al. [33] revealed that EVs-based CO2 emissions are depended on the sources of the electricity. Based on the outcome of their study, the EVs powered by the European electricity mix offer significant CO2 emissions compared to the convectional ICVs. Furthermore, Girardi et al. [34] established that the CO2 emissions by EVs are comparably low than that of ICVs based on Italy electricity mix scenarios. As established by Sang et al. [24], one of the major factors that influence customer awareness of EVs is environmental concerns.



The number of registered electric vehicles has been fluctuating over the years as shown in Figure 6. According to the Malaysia Automotive Association report, EV sales in 2018 accounted for only 2.2% of the total unit of cars sold which was far lower compared to what is obtained in other Asia countries. Several factors have been identified as reasons for the low patronage of EVs in the past years. Sang et al. [24] identified some of the factors affecting the acceptance of EVs in Malaysia as social influence, performance attributes, financial benefits, environment concerns, demographics, infrastructure readiness, and government intervention. This dearth of awareness had seriously hampered the growth of the EV market in Malaysia. Besides the dearth of awareness, one major concern that has been raised as a drawback is inadequate charging facilities. One major concern of the study is the cost competitiveness of the EVs in comparison to hybrid and ICVs which will be discussed in the subsequent section.



The manufacturing recommended sales price (MRSP) of each of the EVs in comparison with the hybrid and the ICV are depicted in Figure 7. The MSRP of the two models of the EVs is higher compared with the Hyundai Ioniq HEV plus, Honda jazz 1.5 hybrids, and Perodua Myvi1.5 High AT. Kara et al. (2017) reported that the MRSP in the acquisition phase of EVs significantly influences the life cycle cost. This was because the MRSP component of the acquisition was very high compared to other cost components in the operation and disposal stage. A comparison of the MRSP of EVs, ICVs, and FCEVs by also revealed that the MSRP of EV is higher compared to the other forms of vehicle. Several studies have revealed that MSRP of EVs is anticipated to continue to be higher than the ICVs and other forms of alternative vehicles. However, some authors are optimistic that the MSRP of EVs might drop drastically with advanced technology and cheaper materials for producing batteries, key policies, and market expansion. For instance, the cost of EVs in the US was reported to drop by 13.4% from 2018 to 2019 [35]. Gent (2019) opined that EVs projected to be cheaper than the conventional ICVs by 2022 based on the rapidly falling price of lithium-ion batteries which accounted for the larger part of the total production cost. According to Gent, in the last ten years, the lithium-ion batteries cost accounted for half of the total cost of the EVs but has drastically dropped to 33% presently and is projected to further drop to 20% of the total cost by 2025 [36].



The operating costs of the EVs in comparison with the HEVs and ICV are depicted in Figure 8. Two different scenarios were employed for calculating the operating costs for the HEVs and the ICV. The scenarios include the usage of regular petrol fuel (RON 95) and the premium petrol fuel (RON 97). Based on the analysis, the operating costs of the Nissan leaf EV, BMW i3s, Hyundai Ioniq HEV Plus, Honda Jazz 1.5 HEV, and Perodua Myvi 1.5 High AT are $0.083, $0.087, $0.045, $0.017, and $0.023 per km respectively using regular petrol fuel. Similarly, based on the usage of the premium petrol fuel, the operating cost of the Hyundai Ioniq HEV Plus, Honda Jazz 1.5 HEV, and Perodua Myvi 1.5 AT are $0.065, $0.058, and $0.055, respectively while that of the EVs remain unchanged. It can be seen that the operating costs of the two EVs are lower compared to the Hyundai Ioniq HEV Plus, Honda Jazz 1.5 HEV, and Perodua Myvi 1.5 AT. This can be attributed to the fact that the cost of maintenance of the two EVs is lower compared to the two HEVs and the ICV. A similar trend has been reported by Diao et al. [18], who investigated the cost competitiveness of EVs in China using the LCC approach. The study revealed that the maintenance cost of the BEVs was lower compared to the ICVs with or without subsidy. One of the major contributors to the maintenance cost of the EVs is the cost of charging the batteries. Hence, a 5% annual increment on the costs incurred for charging the battery for the whole period of ownership was employed for sensitivity analysis shown in Figure 9. Interestingly, the 5% annual increment on the cost of charging did not have much influence on the operating cost of the Hyundai Ioniq HEV Plus throughout ownership. However, there was a slight influence on the operating costs of the Nissan leaf EV, Jazz 1.5 Hybrid and the BMW i3s during the period of ownership based on the 5% annual increase on the cost of charging. While a sharp increase in the operating cost of the Honda jazz 1.5 HEV was observed based on the 5% increase in the cost of charging during the period of ownership. The adequate knowledge of the impact of changes in the key components of the operating cost (for instance, the cost of charging the EV) will help various stakeholders and policymakers in formulating policies that will improve the adoption of EVs in Malaysia.



The total LCC per km of EVs, HEVs, and the ICV is depicted in Figure 10. The analysis shows that Nissan leaf EV, BMW i3s, Hyundai Ioniq HEV plus, Honda jazz 1.5 HEV, and Perodua Myvi 1.5 AT have LCC per km of 1.75, 2.5, 1.0, 0.71, and 0.52, respectively. The LCC per km of the EVs are higher compare with the HEVs and the ICV. This implies that the cost of owing EVs in Malaysia is not competitive compare to the HEVs and the ICV. Nevertheless, the LCC per km obtained for the EVs in this study is comparatively lower compared with that obtained in by AECOM [37], Baker [38], EPRI [39], and Kara et al. [19] as shown in Figure 11. The sensitivity analysis of the EVs, HEVs, and the ICV based on the 5% annual increase in the cost of charging the EV battery and using the regular petrol fuel is depicted in Figure 12. Interestingly, the accumulated cost of ownership of the HEVs and the ICV was not significantly influenced by the changes in the components of the operating costs based on the prevailing market scenarios in Malaysia. On the contrary, the accumulated cost of ownership of the EVs during the 20 years of the period was significantly influenced by the changes in the components of the operating cost. As indicated in this, the cost of ownership of EVs in Malaysia is not yet competitive. Hence, series of policies can be put in place to improve ease of adoption of EVs in Malaysia. The few patronages of EVs in Malaysia despite the high cost of ownership compared to the ICVs can be attributed to the inbuilt extra luxury features that make it attractive in addition to the environmental benefits. As reported by Hidrue et al. [40], there was an increase in the proportion of people willing to pay a premium as the attribute of EV improves.



Although the government has put forward series of schemes such as free charging for a minimum annual subscription, and reduction in road tax of the EVs, there is no policy in place to promote incentives for people to own an EV. Some schools of thought believe that the accumulated cost savings from the free charging, not buying fuel and the reduction in road taxes is significantly low compared to the cost differenced between conventional ICV and an equivalent EV. For the cost of owning EV in competitive in Malaysia, the government must take a leap from countries such as France, Germany, the UK, and the Netherland where the cost of ownership of EVs is lower compared to that of ICVs. This was made possible due to several government policies such as high cost of fuel as well as a tax break and heavily subsidized cost of purchase [41].




5. Conclusions and Policy Implications


In this study, the cost competitiveness of electric vehicles in Malaysia has been investigated in comparison with HEVs and ICV. The cost analysis of the EVs, HEVs, and ICV was performed using the life cycle cost approach employing the prevailing data within the Malaysian context. The detailed analysis revealed that the operating costs significantly influenced the LCC of the EVs, HEVs, and ICV. The operating costs of the EVs were found to be higher compared to that of the HEVs but lower than the Perodua Myvi 1.5 AT which is an ICV. The sensitivity analysis based on the changes in the cost components revealed that the operating costs of the EVs slightly increased during the period of ownership. The LCC of the Nissan Leaf and BMW i3s EVs were found to be higher than the HEVs and the Perodua Myvi 1.5 AT which implies that the cost of ownership of EVs in Malaysia is not yet competitive. The accumulated cost of ownership of the two EVs was found to increase based on the changes in the cost components throughout the ownership period. Although EVs sales in Malaysia are limited at the moment, studies have shown that there is a great prospect for EVs market in the future provided the level of awareness for the adoption of EVs is intensified. Besides, necessary policies required to increase the adoption of EVs in Malaysia need to be put in place and the existing one needs to be reviewed from time to time to see the extent and efficiency of implementation. The implementation of the proposed EV components of the 2020 National Automotive Policy needs to be given a serious commitment despite the financial constraints that might arise as a result of the COVID-19 pandemic. Hence, priority must be given to fast-tracking the development of advanced electrode and electrolytes for lithium-ion battery, the development of lithium-ion battery module packaging and testing, development of next-generation battery technology roadmap, and lithium-ion battery material manufacturing scale-up. Besides, appropriate policies that encourage incentives for ownership of EVs in Malaysia should be put in place.
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	BEVs
	Battery Electric Vehicles



	CO2
	Carbon dioxide



	EVs
	Electric Vehicles



	ICVs
	Internal Combustion Engine Vehicles



	HEVs
	Hybrid Electric Vehicles



	FCEVs
	Fuel Cell Electric Vehicles



	FCHEVs
	Fuel Cell Hybrid Electric Vehicles



	MSRP
	Manufacturer Sales Recommended Price
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Figure 1. Global EV development from 2013 to 2018 [12]. 
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Figure 2. The trend of CO2 emissions from liquid fuel consumption in Malaysia [13]. 
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Figure 3. EV component of the Malaysia National Automotive Policy (2020) [9]. 
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Figure 4. Schematic representation of the life cycle cost approach. 
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Figure 5. CO2 emissions from the various vehicle adopted in this study. 
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Figure 6. Number of registered electric vehicle in Malaysia from 2011 to 2018. 
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Figure 7. The MSRP of the EVs in comparison with the hybrid and ICVs. 
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Figure 8. Operating cost of the various vehicles (* Cost based on regular petrol price ** Cost based on premium petrol price). 
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Figure 9. Sensitivity analysis on the operating costs of the EVs and HEVs based on 5% annual increment of battery cost. 
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Figure 10. LCC of the EVs in comparison with hybrid and ICVs. 
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Figure 11. Comparison of the LCC of the EVs in this with literature. 
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Figure 12. The accumulated cost of ownership for EVs, HEVs, and ICV in Malaysia. 
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Table 1. Summary of selected literature on life cycle cost analysis of EVs, and other alternative vehicles.






Table 1. Summary of selected literature on life cycle cost analysis of EVs, and other alternative vehicles.





	System
	Study Objective
	LCC Methodology
	Study Outcome
	Reference





	BEVs
	To develop a model for calculating life cycle cost analysis of EVs and ICVs
	An integrated model
	The study revealed that the EVs can be cost-competitive with ICVs if lower manufacturing cost and longer battery life can be achieved
	Delucchi et al. [27]



	ICVs, and various hybrid vehicles
	To compare the life cycle cost analysis of various advanced hybrid alternative vehicles with standalone ICVs
	The LCC was estimated as the sum of vehicle first cost plus the present value of lifetime costs of the various components.
	The study revealed that the various advanced hybrid vehicles have lower lifecycle costs than the ICVs.
	Ogden et al. [28]



	HEV
	To analyze the life cycle costs of hybrid gasoline-electric vehicles.
	ADVISOR HEV performance model
	Vehicle hybridization produced the least life cycle costs close to the baseline vehicles.
	Lipman and Delucchi [29]



	BEVs, FCEVs, FCHEVs
	To compare the life cycle cost analysis of BEVs, FCEVs, and FCHEVs.
	Cost prediction analysis
	The life cycle cost of BEVs and FCHEV was found to be lower than FCEVs.
	Offer et al. [30]



	ICVs, HEVs, and EVs
	To estimate the total cost of vehicle ownership of ICVs, HEVs, and EVs
	The total cost of ownership was calculated as purchase price + operating cost -Resale value
	The total cost of ownership of the hybrid and EVs are lower compared to that of ICVs.
	Sharma et al. [31]
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Table 2. Details of the various vehicles used for the study.
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	Brand Name
	Year
	Model
	Type
	MSRP ($)
	Range
	Battery Size
	Battery Life





	Nissan
	2019
	Leaf EV
	EV
	44,444.24
	270
	40
	6



	BMW
	2019
	BMW i3s
	EV
	65,647.06
	260
	42
	6



	Hyundai
	2018
	Ioniq HEV Plus
	HEV
	25,879.53
	-
	1.56
	8



	Honda
	2018
	Jazz 1.5 Hybrid
	HEV
	18,844.94
	2
	0.86
	8



	Perodua
	2020
	Myvi 1.5 High AT
	ICE
	11,832.94
	-
	-
	-







Source: [32].
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