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Abstract: Electric carsharing (ECS) is a potential option to address the problem of unsustainability in
the transportation sector. The business-to-consumer model of ECS, which is one of several different
electric carsharing models, has gained much popularity in recent years. Generating sufficient revenue
to cover costs is a critical factor for ECS companies to maintain healthy development. This study
makes an economic analysis, on the basis of life-cycle cost and monetary revenue associated with the
operation of ECS, of two Chinese ECS companies: EVCARD and LCCS. Based on data gathered by
field investigation, this study aims to determine the break-even moment for each company’s main
vehicle models by means of the net present value method. The results show that EVCARD achieved
an earlier break-even moment than LCCS. The break-even moment of Chery eQ of EVCARD was the
shortest of all the vehicle models, at only 181.3 min. Moreover, a sensitivity analysis was conducted
to portray how different cost-related and revenue-related factors influence the break-even moment.
Our findings indicate that a wide difference exists in terms of the influence of different factors on the
break-even moment. Among these, the manufacturer’s suggested retail price is the most influential
variable, followed by the unit rental price. The reaction of the break-even moment to the market price
of a charging pile and the non-rental revenue per vehicle—especially the latter—was found to be
negligible in the sensitivity analysis.

Keywords: electric carsharing; break-even moment; life-cycle cost; sensitivity analysis;
EVCARD; LCCS

1. Introduction

In recent years, the sharing economy has experienced rapid growth due to its potential for
sustainable development by transforming the traditional ownership of goods into access and thus
bringing down consumption and improving the efficiency of resource utilization [1,2]. While there is
no agreement on its definition, most scholars see the sharing economy as a disruptive innovation which
transforms the way that business is done and creates an opportunity for new business models [3].

Owing in large part to the strength of the Internet and mobile technologies, the sharing economy
has infiltrated into a variety of sectors of the economy [4]. The mobility sector, which is one of the main
unsustainable fields due to its large and increasing contribution to high oil dependency and global air
pollution [5], as well as traffic congestion and parking difficulties, is becoming a critical promising part
of the sharing economy [6]. Specifically, carsharing (CS) has become the dominant sharing model in
the field of urban mobility [7], changing the traditional mobility model of private vehicle ownership
into accessing and using non-ownership vehicles and thus contributing to sustainable development
by reducing the number of vehicles in cities, saving energy and static land consumption, reducing
pollution, and lowering carbon emissions [8,9]. Within CS, two prevailing models are observed: one
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is the peer-to-peer (P2P) model, in which peers (individuals) share owned vehicles through digital
platforms such as Uber and DiDi, and the other is the business-to-consumer (B2C) model, in which
vehicles are purchased and owned by corporations rather than individuals [10], such as Autolib
and Car2go.

The B2C model is essentially a purely platform-driven commercial model, and it has been
developing especially quickly in the past decades [11]. However, successfully operating a B2C CS
company is never an easy prospect [4]. Many financial challenges are faced by companies when
they operate and expand their businesses. This challenge is even more serious for electric carsharing
(ECS); i.e., the combination of electric vehicles (EVs) and CS. In contrast to traditional combustion
engine vehicles, EVs are a kind of electric-driven technology that can greatly decrease carbon
emissions, especially when the electricity is generated by clean energy sources [12]. ECS represents a
comprehensive innovation in terms of patterns, technology, and management in comparison to the
CS service, which is regarded as having the potential to overcome the disadvantages of EVs such as
the higher initial purchasing cost and longer charging time, further allowing CS to become a more
sustainable means of transport by combing the advantages of EVs and CS [13]. However, the operation
of an ECS service is more difficult than the standard model. The main reason for this is that many
additional planning decisions must be considered compared to conventional CS, for example, avoiding
battery depletion [14]. EVs must be charged during their idle time, and companies must consider the
battery status when relocating shared EVs. These problems will increase the difficulty of balancing the
revenue and cost for ECS companies.

According to the study of Lagadic et al., only one company—Swiss Cooperative Mobility
carsharing—has publicly demonstrated that it is profitable [15]. Most companies—especially ECS
companies—are in an actual state of deficit, and some have even failed. For example, Autolib,
which was launched by the City of Paris in 2011 and operated by the Bolloré industrial group, used
to be the largest one-way ECS in the world; however, it had to be terminated in July 2018 due to
significant losses.

The business model literature emphasizes that it is vital for companies to generate sufficient
revenue to cover costs arising from creating and delivering value to customers [16,17]. However,
the pursuit of profit is generally considered to “harm social cohesion and hamper pro-social behavior”
when the sharing economy is discussed [3]. While the awareness of the need to increase the profitability
of ECS businesses has been increasing recently, the relevant scholarly literature to date has not
sufficiently reflected this urgency. Existing academic studies have mainly focused on the motivation
of users [18–20], the optimal planning of an ECS system [13,21,22], and the benefits of ECS in the
sustainable mobility system [23,24]. Some interesting research questions, however, are seldom
discussed, such as the following: Why is it difficult for ECS companies with the B2C model to make
profits? Under what conditions can operators achieve the balance of revenues and costs, and what is
the break-even point? Which factors can significantly affect this balance? This paper aims to respond
to the above questions by performing a life-cycle break-even analysis of ECS companies in China.

What is the contribution of this paper? In the competitive market, increasing the efficiency of
the economics of ECS is essential to unlock its industrial potential. To attract sufficient investment,
ECS companies must gain benefits to justify their costs [25]. Thus, the urgent need for a cost–benefit
analysis is increasing; in particular demand is the life-cycle break-even analysis, which economically
focuses on all costs occurred during the lifecycle of an ECS project, from construction and operation
to residual value recovery. It is important to support the decision-making and cost management of
ECS companies and help them form reasonable expectations. However, a brief review of the literature
shows that relevant studies mainly focus on analyzing the benefits and costs of EVs and benefits of CS
or ECS from the perspectives of individuals (users) and society.

Some studies in this field concentrate on comparing the benefits, especially social benefits (e.g., CO2

reduction) of EVs and traditional vehicles [26–31]. For example, Noel and McCormack [26] found that
V2G-capable electric school buses are more economic than traditional diesel school buses for school
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operators. It can provide savings of $6070 per seat, and the school can make a profit after five years
of operation. Gopal et al. [26] found that the transition from traditional internal combustion engine
vehicles (ICEVs) to EVs is a cost-effective strategy in terms of marginal abatement costs of carbon in
the long term in China.

Some studies focused on discussing the total costs of ownership (TCO) of EVs in comparison
to traditional vehicles [32–36]. For example, Moon and Lee [36] constructed an EV investment
model for consumers by adopting TCO, and the results showed EVs are more cost-effective than
traditional vehicles. However, Velzen et al. [35] found, through a developed comprehensive EV TCO
forecasting framework, that the TCO of EVs are not necessarily lower than those of traditional vehicles.
Tanco et al. [37] compared the different break-even year of battery electric trucks in five Latin-American
countries based on a quantitative linear model.

Other studies focused on the economic and social benefits of CS/ECS for users and society [38–40].
For example, Fellows and Pitfield [38] employed cost–benefit analysis techniques to examine the
economic benefits of CS. The results showed that CS can bring great economic benefits (journey costs,
average speeds, fuel, accidents, and emissions) for both individuals and society even with conservative
participation rates and relative low patronage. Rabbitt and Ghosh [39] assessed the economic and
environmental influence of CS in Ireland, and the results showed CS can benefit both individuals in
terms of travel cost savings and society in terms of CO2 emission reduction.

The life-cycle break-even analysis in this paper is novel because its focus is on ECS companies
with the B2C model, and only the monetary economic revenues of ECS companies are calculated
without including the non-monetary benefits, such as the environment benefits to society. This can
provide a relatively objective decision-making basis for ECS companies.

Why choose Chinese cases? Typically, life-cycle break-even analysis is a highly case-specific
method. In this paper, two representative cases of ECS with B2C models in China were selected and
compared: EVCARD in Shanghai and Liancheng Electric Carsharing Company (hereinafter referred
to as LCCS) in Shenzhen. EVCARD is now the largest ECS company in China. By the end of 2018,
it had 3.4 million registered members, operated 13,000 stations, and had a whole fleet of more than
45,000 EVs in 64 Chinese cities [41]. Among these cities, Shanghai has the largest number of stations
(3673), and more than 8000 shared EVs are running in this city. Therefore, its break-even analysis
results can represent a better level of ECS in China. LCCS is a pilot demonstration project launched by
the local government. This platform is operated by multiple actors including government, enterprises,
and institutions. Besides Shenzhen, some other local governments also try to support and promote
ECS. Therefore, the analysis of LCCS can provide some useful insights for these local governments,
especially those who try to explore the cooperating mechanism of university–industry research.
Its break-even analysis results can also reflect the general status of such companies. Through in-depth
field investigation, life-cycle break-even analysis of the two cases was performed based on empirical
data. China, a developing country in the transition to a low-carbon economy, is experiencing a rapid
growth in the sharing economy. For three consecutive years (2017–2019), the Chinese premier has called
for rapid and healthy development of the sharing economy in his government work report [42–44].
According to the statistics of the State Information Center, the trading volumes of China’s sharing
economy amounted to CNY 2942 billion in 2018, which was an increase of 41.6% over the previous
year [45]. Among all the application areas, the shared mobility sector is one of the most critical and
potential fields [5]. In 2014, Guidance on Accelerating the Promotion and Application of New Energy
Vehicles issued by General Office of the State Council actively encouraged the investment and financing
innovation and the exploration of ECS with B2C models in personal mobility [46]. From then on until
2017, ECS with B2C models developed rapidly. A study from iResearch Research Group revealed
that companies engaged in shared mobility service were valued at $116.9 billion in 2017 [47], and the
statistics of the State Information Center revealed the financing volumes of the shared mobility sector
reached CNY 107.2 billion in 2017 [48], both of which were the highest in comparison to other shared
industries in China. The study by Roland Berger [49], published in April 2017, further predicated
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that the number of shared cars in China would maintain a compound annual growth rate of 45%
and reach 600,000 by 2025. However, the rapid growth trend changed since the second half of 2017.
Many ECS companies closed [50]. Car2go, for example, which entered the Chinese market four years
ago, officially withdrew on June 30, 2019. The financing volumes of the shared mobility sector also
sharply dropped to CNY 419 billion in 2018, with a decrease rate of 61% [48]. The core reason for the
change is mainly the difficulties in profitability. Therefore, the study of Chinese cases can provide
interesting insights into the development of ECS with the B2C model, especially for developing and
low-carbon transition countries.

The remainder of this paper is organized as follows. In Section 2, we present the details of the two
cases. Section 3 introduces the research methods and data collection. Section 4 shows the break-even
analysis results of the two cases and a sensitivity analysis to identify the effect of different factors.
Section 5 presents a discussion and the conclusion of this paper.

2. EVCARD and LCCS

2.1. EVCARD

In April 2011, eight countries including China and the United States signed the Electric Vehicle
Initiative, in which Shanghai was selected as the first international demonstration city of EVs in China.
Shanghai International Automobile City (SIAC), a municipal owned enterprise, was then established
to carry out the international EV demonstration in Shanghai. In July 2013, SIAC launched the first
ECS program in China, named EVCARD, which was formally put into operation in January 2015.
In October 2016, Shanghai Automobile Group Co., Ltd. (SAIC Motor) and SIAC jointly invested in the
establishment of the Universal Car Sharing Co., Ltd. (hereinafter referred to as UCS), which became
the operator of EVCARD.

The operation details of EVCARD are reported in Table 1. EVCARD is essentially dominated by
a state-owned automobile enterprise (SAIC). All vehicles in the fleet were purchased by EVCARD
itself, and all the vehicle models in operation are presented in Figure 1, among which Roeway E50
and Chery eQ are the two main models. Consumers can use these vehicles after registration and
return them at any operational station at any time. The maintenance of the fleet is provided by EV
manufactures, and EVCARD pays the maintenance fees to the manufacturers. The stations are mainly
distributed in industrial parks, traffic hubs, universities, and business centers. In the early days of
EVCARD’s development, many parking areas were provided by the local government or universities
for free. For example, Tongji station is a cooperative between EVCARD and Tongji University.
Tongji University provides a free parking area for EVCARD on campus. The booking requests of Tongji
station rank second among all EVCARD stations in Shanghai [14]. However, with the continuous
expansion of business, more and more parking areas are cooperative with business organizations or
rented by EVCARD. The charging facilities in the stations are provided by third-party organizations
including Shanghai Zheda Science and Technology Development Co., Ltd. and Shanghai Xuandao New
Energy Technology Co., Ltd. EVCARD pays these third-party organizations for purchase, installation,
and subsequent maintenance.
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Table 1. Operation details of EVCARD.

Detail Category Detail Content

Ownership structure SIAC (49%) + SAIC (51%)
Shared EVs purchased by EVCARD

Main models of shared EVs Roeway E50 and Chery eQ
CS system station-based system with one-way trip

Parking spot self-renting, provided by university/government
Charging facilities provided by the third party

Rental service self service
Operation qualifications provided by the government

Operation platform developed by the third party
Maintenance provided by the EV manufacturers

Vehicle insurance purchased by EVCARD
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2.2. LCCS

In 2014, Shenzhen Urban Development Research Center, Tongji University, and the State
Information Center formed a research group under the help of the Shenzhen Development and
Reform Commission. This research group successfully applied for the 2014 National Science and
Technology Support Program—Technology Integration and Demonstration Application Project of
Electric Carsharing in Shenzhen (TIDA project). In June 2015, Longgang District Government of
Shenzhen signed a strategic cooperation memorandum with Tongji University in which they agreed
to explore the business model innovation of ECS with the fund of the TIDA project. In August 2015,
LCCS was established based on the memorandum with a registered capital of CNY 50 million, and it
undertook the task of promoting more than 3000 shared EVs in Shenzhen.

The operation details of LCCS are reported in Table 2. It can be seen that LCCS is a mixed
ownership enterprise jointly owned by Shenzhen Huacheng Transportation Company (HC), Shanghai
Jiexing Electric Vehicle Company (JXmobi), Shenzhen Wankede Investment Development Company
(WANKEDE), and Shenzhen Zhongwanbao Real Estate Company (ZWB). HC is absolutely controlled
by the Longgang District Government. JXmobi was founded in June 2008 and was a platform company
for the R&D transfer of EVs by Tongji University; it was responsible for the development of the
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App-based digital platform. Obviously, the operation of LCCS is indeed dominated by the local
government and Tongji University. All vehicles in the fleet were purchased by LCCS itself, among
which JAC IEV5, BAIC EV160, and ZD D2 are the three main models. The charging facilities in the
stations are provided by the third-party organization Shenzhen Cheku Charging Pile Technology
Company. The other operation details of LCCS are similar to those of the EVCARD.

The main partnerships of LCSS are presented in Figure 2. As shown in the figure, LCCS
experienced a transition from the “single operator” model to the “multi-operators + single platform”
model, which was a key move. The main purpose was to cope with operational difficulty. On the
one hand, LCCS found it very difficult to achieve the promotion target of 3000 shared EVs alone after
several months of operation. On the other hand, were are already several ECS companies in Shenzhen
such as Shenzhen Chepu Intelligent Transportation Service Company (Chepu), Shenzhen ZTE New
Energy Vehicle Technology Company, Ponycar, and BYD. In order to integrate these resources and
achieve promotion objectives, LCCS decided to develop a unified App-based digital platform and
encouraged other ECS companies to join in the platform. In August 2016, Shenzhen Tongda Network
Technology Company (TD), which was invested by JXmobi, was chosen to develop the new digital
platform for LCCS. By the end of 2018, two companies (Chepu and Ponycar) had joined in this digital
platform, and LCCS became the largest ECS company in Shenzhen, operating 3030 shared EVs.

Sustainability 2020, 12, x 6 of 28 

Operation qualifications provided by the government 
Operation platform developed by the third party 

Maintenance provided by the EV manufacturers 
Vehicle insurance purchased by LCCS 

The main partnerships of LCSS are presented in Figure 2. As shown in the figure, LCCS 
experienced a transition from the “single operator” model to the “multi-operators + single platform” 
model, which was a key move. The main purpose was to cope with operational difficulty. On the one 
hand, LCCS found it very difficult to achieve the promotion target of 3000 shared EVs alone after 
several months of operation. On the other hand, were are already several ECS companies in Shenzhen 
such as Shenzhen Chepu Intelligent Transportation Service Company (Chepu), Shenzhen ZTE New 
Energy Vehicle Technology Company, Ponycar, and BYD. In order to integrate these resources and 
achieve promotion objectives, LCCS decided to develop a unified App-based digital platform and 
encouraged other ECS companies to join in the platform. In August 2016, Shenzhen Tongda Network 
Technology Company (TD), which was invested by JXmobi, was chosen to develop the new digital 
platform for LCCS. By the end of 2018, two companies (Chepu and Ponycar) had joined in this digital 
platform, and LCCS became the largest ECS company in Shenzhen, operating 3030 shared EVs. 

maintenance

charging facilities

platform 
development

LCCS

WANKEDE

EV 
Manufacturers

TD
Chepu

Ponycar

HCZWBJXmobi

Cheku

shareholder

 
Figure 2. Main partners of LCCS. 

3. Methods and Data 

Life-cycle break-even analysis can collect information to help ECS companies understand the 
conditions of making profit. The economic return of the investment on the ECS system depends on 
the life-cycle operation costs and all possible revenues.  

3.1. Life-Cycle Costs of ECS 

For an accurate prediction and a comprehensive comparison of the two companies, this paper 
considered all the costs incurred over the lifetime of the ECS. Based on the field investigation and 
interview, seven categories of life-cycle costs were identified. 

3.1.1. EV Purchase Costs 

Typically, the purchase cost of an ICEV in China is comprised of two main parts: manufacturer 
suggested retail price and vehicle purchase tax. However, there are two differences between the 

Figure 2. Main partners of LCCS.

Table 2. Operation details of LCCS.

Detail Category Detail Content

Ownership structure JXmobi (8%) + WANKEDE (34%) + ZWB (33%) + HC (25%)
Shared EVs purchased by LCCS

Main models of shared EVs JAC IEV5, BAIC EV160, Geely ZD D2
CS system station-based system with one-way trip

Parking spot government/business cooperation
Charging facilities provided by third party

Rental service self service



Sustainability 2020, 12, 6584 7 of 29

Table 2. Cont.

Detail Category Detail Content

Operation qualifications provided by the government
Operation platform developed by the third party

Maintenance provided by the EV manufacturers
Vehicle insurance purchased by LCCS

3. Methods and Data

Life-cycle break-even analysis can collect information to help ECS companies understand the
conditions of making profit. The economic return of the investment on the ECS system depends on the
life-cycle operation costs and all possible revenues.

3.1. Life-Cycle Costs of ECS

For an accurate prediction and a comprehensive comparison of the two companies, this paper
considered all the costs incurred over the lifetime of the ECS. Based on the field investigation and
interview, seven categories of life-cycle costs were identified.

3.1.1. EV Purchase Costs

Typically, the purchase cost of an ICEV in China is comprised of two main parts: manufacturer
suggested retail price and vehicle purchase tax. However, there are two differences between the
purchase cost of ICEVs and EVs. (1) In August 2014, the Ministry of Finance (MOF) and the State
Administration of Taxation (SAT) issued the Notice on Exemption of Tax on Purchase of New Energy
Vehicles, which stipulates that EVs purchased from 1 September 2014 to 31 December 2017 would
be exempted from vehicle purchase tax. The deadline for tax exemption was later extended to the
end of 2020. (2) To support the development of the EV industry, the Chinese government launched
a financial subsidy scheme in January 2009, followed by several adjustments in the following years.
Table 3 presents the evolution of subsidies from 2015 to 2018. The amount of EV purchase subsidies
was mainly based on the driving range powered by electricity, and purchasing an EV could result in a
large amount of subsidy from both central and local governments.

Based on the above analysis, the purchase cost of an EV can be expressed as:

CPC = CMSRP −CGS (1)

where CPC refers to the purchase cost of an EV, CMSRP refers to manufacturer suggested retail price
of an EV, and CGS refers to the government subsidy granted to an EV.

Considering the time to market of different EV models and the comparability of analysis, this
paper selected the main EV models of EVCARD and LCCS (Table 4) and the CMSRP and CGS in
2017 for break-even analysis. The related data are detailed in Table 4. After subtracting CPC from
CMSRP, the final purchase costs of the five EV models was 134,900, 115,900, 113,800, 123,800, and
97,800 CNY, respectively.
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Table 3. EV purchase subsidies of central and local governments from 2015 to 2018 (CNY 10,000 per vehicle).

Subsidies in 2015

EV Type Driving Range by Electricity-R (km) Source

80 ≤ R < 150 150 ≤ R < 250 R ≥ 250 R ≥ 50

BEVC 3.15 4.5 5.4 - MOF et al. [51]
PHEVC - - - 3.15
BEVSH 4 4 4 - SHDRC et al. [52]

PHEVSH - - - 3
BEVSZ 3.5 5 6 - SZMPG [53]

PHEVSZ - - - 3.5

Subsidies in 2016

EV Type Driving Range by Electricity-R (km) Source

100 ≤ R < 150 150≤ R < 250 R ≥ 250 R ≥ 50

BEVC 2.5 4.5 5.5 - MOF et al. [54]
PHEVC - - - 3
BEVSH 1 3 3 - SHDRC et al. [55]

PHEVSH - - - 1
BEVSZ 2.5 4.5 6 - SZDRC et al. [56]

PHEVSZ - - - 3.15

Subsidies in 2017

EV Type Driving Range by Electricity-R (km) Source

100≤ R < 150 150≤ R < 250 R ≥ 250 R ≥ 50

BEVC 2 3.6 4.4 - MOF et al. [54]
PHEVC - - - 2.4
BEVSH 1 1.8 2.2 - SHDRC et al. [57]

PHEVSH - - - 1.2
BEVSZ 1 1.8 2.2 - SZDRC [58]

PHEVSZ - - - 1.2

Subsidies in 2018

EV Type Driving range by electricity-R (km) Source

100 ≤ R < 150 150 ≤ R < 250 R ≥ 250 300 ≤ R < 400 R ≥ 400 R ≥ 50

BEVC 1.5 2.4 3.4 4.5 5 - MOF et al. [59]
PHEVC - - - - - 2.2
BEVSH 0.75 1.2 1.7 2.25 2.5 - SHDRC et al. [60]

PHEVSH - - - - - 0.66
∗ BEVSZ 0.75/0.525/0.375 1.2/0.84/0.6 1.7/1.19/0.85 2.25/1.575/1.125 2.5/1.75/1.25 - SZDRC [61]
PHEVSZ - - - - - 0.66/0.462/0.33

Note: BEV is the abbreviation of battery electric vehicle, PHEV is the abbreviation of plug-in hybrid electric vehicle. Superscript C represents central government, Superscript SH represents
Shanghai government, Superscript SZ represents Shenzhen government. ∗: Financial subsidy of Shenzhen government in 2018 was divided into three phases: 1 January to 11 February,
12 February to 11 June, 12 June to 31 December, with a gradual decreasing trend.
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Table 4. Purchase costs of the five EV models (unit: 10,000 CNY).

R-km CMSRP CGS CPC Source

Roeway E50 170 18.89 5.4 13.49 MIIT and SAT [62]
Chery eQ 151 16.99 5.4 11.59 MIIT and SAT [63]
JAC IEV5 252 17.98 6.6 11.38 MIIT and SAT [64]

BAIC EV160 150 17.78 5.4 12.38 MIIT and SAT [65]
Geely ZD D2 152 15.18 5.4 9.78 MIIT and SAT [66]

3.1.2. EV Insurance Costs

Insurance cost refers to the cost incurred when the operators insure the vehicles. To calculate
the EV insurance cost, it was necessary to clarify the insurance categories and insurance contract
characteristics. However, the government has not yet defined the specific categories of EV insurance,
since EV is still in its infancy. Through the investigation of EVCARD and LCCS, it was assumed
that the insurance categories of EVs were basically the same as those of ICEVs, and the contract still
adopted the traditional lump-sum insurance premium. The specific insurance categories and their cost
are shown in Table 5.

Table 5. Insurance categories and cost of EVs.

Category Cost (CNY per Vehicle per Year)

Compulsory traffic insurance (ICI) 950 (seating capacity < 6; 1100 (seating capacity ≥ 6)
Loss liability insurance (ILI) basic premium (IBP) + CMSRP × 1.0880%

Commercial third-party insurance (ITI) 1252 (amount of compensation equals 0.5 million CNY)
“Non-deductible” insurance (IDI) (ILI+ ITI) × 20%

Vehicle personnel liability insurance (IPI) 50 (per seat)

Data source: authors’ survey.

Thus, the insurance cost of an EV per year can be expressed as:

CIC = ICI + ILI + ITI + IDI + IPI= ICI + (IBP + CMSRP × 1.0880%) + ITI + [(ILI+ITI) × 20%]+50×NSEAT (2)

where CIC refers to the insurance cost of an EV per year, IBP = 460, and NSEAT means the seating
capacity of an EV; the meanings of other variables in the Equation (2) are shown in Table 5. Based on
Equation (2), the annual insurance costs of the five EV models were obtained, as shown in Table 6.

Table 6. Insurance costs of the five EV models (CNY per vehicle per year).

Seating Capacity ICI ILI ITI IDI IPI CIC

Roeway E50 5 950 2525 1252 753 250 5730
Chery eQ 5 950 2309 1252 712 250 5473
JAC IEV5 5 950 2416 1252 734 250 5602

BAIC EV160 5 950 2394 1252 729 250 5575
Geely ZD D2 5 950 2112 1252 673 250 5237

3.1.3. Parking Spot Costs

In order to calculate the parking spot costs (CPSC) of ECS companies, two steps were followed:
firstly, the parking spot rental of an EV was studied; secondly, the number ratio of parking spots to
vehicles was defined. Typically, the rent of a parking spot is influenced by its location and traffic
flow of the location. Usually the rent is much higher in the areas with large traffic, such as shopping
malls and supermarkets in urban areas, where the rent is generally around CNY 1200 per month for a
parking spot. The rent of areas with less traffic in suburbs is generally around CNY 200–300 per month
for a parking spot. In the business operation process, ECS companies can reduce parking spot costs
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through business cooperation with commercial real estate companies or property companies, as we
described above.

In the one-way ECS system, there are no restrictions on the drop-off stations, which would
definitely result in the imbalance of EVs between stations [67]. The number of EVs parked at some
stations may exceed the number of the EVs originally allocated. Therefore, the number of parking
spots in an ECS system is usually required to be larger than the number of EVs. Thus, the annual
parking spot cost of an EV can be expressed as:

CPSC = α× Pspace (3)

where CPSC is the parking spot cost of a shared EV per year, Pspace is the rental of a parking spot of a
shared EV per year, and α is the number ratio of parking spots to EVs.

Through a field survey, the rent of a parking spot for each EV model and the value of α were
obtained, as shown in Table 7. The parking spot rent for ZD D2 was the lowest, because its body was
the smallest and it occupied the least space. The total parking spot costs of EVCARD was much lower
than that of the LCCS, because many parking spots of EVCARD were cooperative with universities
or businesses.

Table 7. Parking spot costs of the five EV models (CNY per vehicle per year).

EV Model Pspace α Location CPSC

Roeway E50 3600
1.5 Shanghai 5400

Chery eQ 3600 5400
JAC IEV5 7200

1.5 Shenzhen
10,800

BAIC EV160 7200 10,800
Geely ZD D2 3000 4500

3.1.4. Costs of Charging Piles

The costs of charging piles for ECS companies involves the costs of procurement, installation,
and maintenance. To calculate the final cost of a charging pile of an EV per year, four assumptions need
to be defined: market price of a charging pile, residual value rate, depreciation period, and number
ratio of parking spots to charging piles. The specific calculation method is as follows:

CCPC =
β× Ppile × (1− rc)

Nc
(4)

where CCPC means the charging pile costs shared by an EV per year, β means the number ratio of
charging piles to EVs in the ECS system, Ppile means the market price of a charging pile, including
procurement, installation, and maintenance, rc means the residual value rate of a charging pile, and Nc

means the depreciation period of a charging pile.
Typically, charging piles are mainly divided into two categories: AC charging piles and DC

charging piles. A 45 kW DC charging pile costs between CNY 100,000 and CNY 150,000 in China,
while a 7 kW AC charging pile costs between CNY 4000 and CNY 7000. As for the installation cost,
a DC charging pile is about CNY 30,000, and an AC charging pile is about CNY 6000. The charging
piles of both EVCARD and LCCS are AC charging piles. Thus, the market price of a charging pile
was estimated to be approximately CNY 10,000 in this research. Based on the authors’ investigation,
the residual value rate was about 5%, and a 8-year depreciation period was adopted. It was assumed
that each parking spot was equipped with a charging pile; thus the value of β equaled 1.5. Based on the
above analysis, the final charging pile costs shared by an EV was estimated around CNY 1781 per year.
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3.1.5. Energy Costs

Energy costs refers to the electricity costs incurred when the shared EVs are stationed to connected
to the charger for recharging. Specifically, the energy costs of an EV per year (CEC) are related to four
factors: average daily mileage (DM), energy consumption ratio of an EV (ECR), price of electricity (Pe),
and charging efficiency (η), which can be expressed in Equation (5).

CEC = ECR×
DM
η
× Pe × 365 (5)

In July 2014, the Notice on the Electricity Price of Electric Vehicles issued by NDRC [68] stipulated
that the electricity price of charging facilities in government organizations, enterprises, institutions,
and public parking lots belonged to the category of general industry and commerce [69]. Thus,
the ECS companies paid the general commercial rate (including VAT) for electricity, and the data were
gathered from local government documents. In Shanghai, the general commercial rate for electricity is
CNY 0.969 per kWh during the peak time (06:00–22:00) and CNY 0.441 per kWh during the valley
time (22:00–06:00). In Shenzhen, the price is CNY 0.9966 per kWh during the peak time (09:00–11:30,
14:00–16:30, 19:00–21:00), CNY 0.7365 per kWh during the flat time (07:00–09:00, 11:30–14:00, 16:30–19:00,
21:00–23:00), and CNY 0.2163 per kWh during the valley time (23:00–07:00). This paper used the
average price of peak, flat, and valley time for calculation, as shown in Table 8.

Table 8. Energy costs of the five EV models (CNY per vehicle per year).

ECR—kWh/km DM—km η Pe—CNY/kWh CEC—CNY

Roeway E50 0.133 2x/3 80% 0.705 28.5x
Chery eQ 0.112 2x/3 80% 0.705 24x
JAC IEV5 0.115 2x/3 80% 0.6498 22.7x

BAIC EV160 0.159 2x/3 80% 0.6498 31.4x
Geely ZD D2 0.121 2x/3 80% 0.6498 23.9x

The charging efficiency was obtained from the study of Zhu et al. [69], and one of the authors of
the study is Ming-Gao Ouyang, who is an academician of the Chinese Academy of Sciences and an
expert in automotive power systems.

The average daily mileage depends on the average minutes that a share EV is rented each day.
It was assumed that a shared EV is always in operation when it is rented. Then, it can be calculated
through the following equation:

DM =
x

60
× Speed (6)

where x denotes the total minutes of a shared EV rented in one day (minute per day), Speed refers to
the average driving speed of a shared EV. According to the Report on Urban Transportation in the First
Quarter of 2018 issued by Didi Company [70], the average speed of cars in Shanghai and Shenzhen is
39.07 km/h and 40.2 km/h, respectively. For convenience of calculation, we set the value of Speed as
40 km/h. The data and calculation results are shown in Table 8.

3.1.6. Maintenance Cost

EVs usually have much less maintenance cost than ICEVs due to the different of power systems.
Moreover, EV manufacturers are responsible for quality assurance of the core parts including batteries,
motors, and electric systems in China. In April 2015, MOF, MIIT, NDRC, and MST jointly issued the
Notice on the Financial Support Policy for the Promotion and Application of New Energy Vehicles in
2016–2020, which stipulated that electric passenger car manufacturers should provide quality assurance
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for no less than 8 years or 120,000 km. Thus, the maintenance cost for ECS companies are relatively
low. Its calculation is expressed in Equation (7).

CMC = Pm ×DM× 365 (7)

where CMC represents the maintenance cost of an EV per year; Pm represents the life-cycle maintenance
cost of an EV per km, and its value is estimated as CNY 0.0616 per km referring to the discussion in
Zhao [71]; and DM has the same meaning in Equation (5). The calculation results are presented in
Table 9.

Table 9. Maintenance costs of the five EV models (CNY per vehicle per year).

Pm-CNY/km DM—km CMC—CNY

Roeway E50 0.0616 2x/3 15x
Chery eQ 0.0616 2x/3 15x
JAC IEV5 0.0616 2x/3 15x

BAIC EV160 0.0616 2x/3 15x
Geely ZD D2 0.0616 2x/3 15x

3.1.7. Operational Costs

Operational costs mainly included labor costs, marketing costs, digital platform costs, and other
operational miscellaneous costs in this research.

The labor costs included the costs related to administrative personnel, platform operators, customer
service personnel, EV relocation personnel, EV cleaners, etc. According to the survey, each personnel
could supervise 10 shared EVs and his/her average wage was determined to be approximately CNY
100,000 per year. As indicated in the above analysis, 8000 shared EVs of EVCARD are in operation
in Shanghai and 3000 shared EVs of LCCS are in operation in Shenzhen. Consequently, a total of
800 employees and 300 employees are required for EVCARD and LCCS, respectively, and the labor
costs of EVCARD and LCCS are CNY 80 million and CNY 30 million per year respectively.

The marketing cost mainly refers to the cost incurred by media propaganda such as internet and
TV advertisement, which was estimated at CNY 50,000 per month. Thus, the annual marketing cost is
about CNY 600,000.

The digital platform costs include the initial purchase cost, daily maintenance cost, and platform
upgrade cost. Typically, the initial platform purchase payment is made in annual instalments rather
than in one lump sum. Therefore, the digital platform costs were regarded as annual expenditure costs
for calculation in this research. According to the survey, annual platform cost of EVCARD was around
CNY 9.6 million, and that of LCSS was around CNY 1.2 million.

Other operational miscellaneous costs mainly refer to the rental of office space, daily office
expenses, etc. According to the survey, we estimated the annual costs at CNY 600,000.

Based on the above analysis, the annual operational costs were found to be CNY 90.8 million for
EVCARD and CNY 32.4 million for LCCS in total. Consequently, the operational cost per vehicle per
year (COC) was determined to be CNY 11,350 for EVCARD and CNY 10,800 for LCCS.

3.2. Benefits of ECS System

Typically, there are three main sources of revenue for ECS companies in China: EV rental revenue,
EV residual revenue, and advertising revenue.

3.2.1. EV Rental Revenue

In China, most ECS companies, including EVCARD and LCSS, collect rent from EVs according
to user driving time, and only a few companies adopt the charging method based on the integration
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of driving time and mileage. Therefore, this paper calculated the rental revenue on the basis of the
driving time, as shown in Equation (8).

RRR = (Ax + B) × 365 (8)

where RRR represents the rental revenue of a shared EV per year, A represents the unit price of renting
a shared EV (CNY per minute), B represents the other costs for users to rent a shared EV (CNY per
minute), and x denotes the total minutes a shared EV is rented for in one day (minute per day).

As shown in Table 10, users renting a Roeway E50 or Chery eQ from EVCARD needed to pay
CNY 0.6 per min, which included basic rental (CNY 0.5 per minute) and urban service fee (CNY 0.1
per min). The maximum rental of an EV was CNY 180 for a whole day. In addition to the above
fees, an additional charge, namely a non-deductible insurance fee, was required for each EV rental
order from EVCARD. In order to simplify the calculation, this paper assumed that the non-deductible
insurance fee was CNY 8 per vehicle per day. For LCCS, however, it only charged the basic rent and no
extra premium, as shown in Table 10.

Table 10. Rental revenue of the five EV models (CNY per vehicle per year).

A (CNY/Minute) B (CNY/day) Max (Ax)—CNY/day) RRR (CNY)

Roeway E50 0.6 8 180 219x + 2920
Chery eQ 0.6 8 180 219x + 2920
JAC IEV5 0.5 0 150 183x

BAIC EV160 0.4 0 120 146x
Geely ZD D2 0.3 0 118 110x

3.2.2. EV Residual Value Revenue

Vehicle residual value refers to the remaining usage value within the prescribed reasonable service
life of the vehicle. For a shared EV, its residual value is greatly affected by the battery, because the
battery cost accounts for a large part of the total cost of EVs, and the battery capacity will be gradually
reduced with the increase of the number of charges and discharges, which leads to the low residual
value of EVs. Therefore, the residual values of the power battery system and other parts of the EV
were calculated separately in this research.

Drawing on the study of Ruan and Cao [72] about the residual value of a traditional gasoline taxi,
the residual value of a shared EV in this research was calculated using Equation (9).

RRV = λN
×CPC × (1− θ) + CPC × θ− (δ1 + δ2) ×DM× 365×N (9)

where RRV represents the residual value of a shared EV, λ represents the annual depreciation rate of
a shared EV, N represents the service lifespan of a shared EV, θ is cost ratio of battery to the whole
vehicle, δ1 refers to the depreciation value of an ICEV per km, and δ2 refers to the depreciation value of
a battery per km.

According to [72], the annual depreciation rate of a traditional gasoline taxi is 75% and the
depreciation value of an ICEV is CNY 0.1954 per km. Thus, we set the value of λ as 70% considering the
difference in operating time between shared cars and taxis; the value of δ1 was set as 0.1954, as shown
in Table 11. According to the study of Sun et al. [73], the battery cost currently accounts for about
40–50% of the total cost of EV in China, the number of battery charge–discharge cycles is about 2000,
and the unit capacity cost of a battery is estimated to be CNY 1700/kWh. Thus, this research set the
value of θ as 40% and δ2 as CNY 0.127 per km, as shown in Table 11.
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Table 11. Residual value revenue of the five EV models (CNY per vehicle per year).

λ
CPC(10,000

CNY) θ δ1(CNY/km) δ2(CNY/km) DM(km) RRV (CNY)

Roeway E50 0.7 13.49 40% 0.1954 0.127 2x/3 0.7N
× 80,904 + 53,960 − 78.5xN

Chery eQ 0.7 11.59 40% 0.1954 0.127 2x/3 0.7N
× 69,540 + 46,360 − 78.5xN

JAC IEV5 0.7 11.38 40% 0.1954 0.127 2x/3 0.7N
× 68,280 + 45,520 − 78.5xN

BAIC EV160 0.7 12.38 40% 0.1954 0.127 2x/3 0.7N
× 74,280 + 49,520 − 78.5xN

Geely ZD D2 0.7 9.78 40% 0.1954 0.127 2x/3 0.7N
× 58,680 + 39,120 − 78.5xN

3.2.3. Non-Rental Revenue

Apart from the rental revenue, advertising revenue is another relatively stable revenue source for
Chinese ECS companies. However, this part of the revenue is relatively small at present. Based on the
survey, the average advertising revenue per EV (RAR) was determined to be CNY 1300 a year.

3.3. Calculation Method

In this research, the break-even moment a shared EV needs to be rented for per day was calculated,
i.e., calculating the value of x for the five EV models. This break-even analysis was conducted by
summing the life-cycle costs and revenue of each shared EV for ECS companies over the EV service
lifespan. Then, each sum was converted into the present value (PV) by using a discount rate. Finally,
the net present value (NPV) was set as zero to get the break-even moment.

3.3.1. Period of Use

The service life of a shared EV is regulated by its total travel distance and battery life. Several
studies about the useful lifespan of a lithium-ion battery were reviewed. Wang et al. [74] estimated that
the battery life is about 5.5 years if EVs are used only for driving without offering V2G grid services.
Xu et al. [75] constructed an empirical model and estimated a battery life of 6.8 years. However, there is
no relevant research on the service life of a shared EV in China.

Professor Fu of Tongji University (Research Center for New Energy Vehicle Industrialization,
School of Automobile) said, “typically, three years is a commonly accepted service life of shared EVs in
this industry”. In August 2016, Ming-Gao Ouyang pointed out at the China Electric Vehicle Hundred
People’s Congress Forum that battery of EVs can support about 200,000–300,000 kilometers of driving
during the lifetime. (The China Electric Vehicle 100 People’s Congress is the most authoritative and
influential organization about EVs in China. It was jointly launched by government officials, scholars,
and entrepreneurs in May 2014.) Thus, this paper considers the break-even analysis of the five EV
models throughout the lifespan of three years after which they are left with some vehicle residual value.

3.3.2. Discount Rate

The discount rate refers to the interest rate used to change future payments to present values,
which considers the value change of money over time, and evaluates the opportunity cost of an
investment [37]. For the calculation in this study, the discount rate was set as 10% by drawing on the
study of Xue et al. [76].

3.3.3. Break-Even Analysis Model

The PV of each EV’s life-cycle costs over the service lifespan is expressed as Equation (10).

PVC = CPC + CCPC ×N +
N∑

t=1

CIC + CPSC + CEC + CMC + COC

(1 + r)t (10)

where PVC is the present value of the life-cycle costs of a shared EV, r is the discount rate, and N is the
service lifespan of a shared EV, as shown in Equation (8).
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In order to calculate the life-cycle costs, the purchase cost of EVs and charging piles are summed
together with other yearly costs including insurance cost, parking spot cost, energy cost, maintenance
cost, and operational cost, as shown in Equation (9). Two points are worth noting: (1) The purchase cost
of EVs and charging piles are one-time costs in the year of acquisition of EVs and installation of charging
piles. ECS companies must complete the purchase and installation before they are officially operated.
Therefore, the PV calculation is not applied to these two types of costs. (2) CCPC represents annual
charging pile costs shared by each EV during the depreciation period, as described in Section 3.1.4.
Therefore, the value of CCPC needs to be multiplied by the lifespan of the EV service.

Accordingly, the PV of the revenue that a shared EV can bring about over the service lifespan is
expressed as Equation (11).

PVR =
RRV

(1 + r)N +
N∑

t=1

RAR + RRR

(1 + r)t (11)

where PVR is the present value of the revenue of a shared EV.
Thus, the break-even moment a shared EV needs to be rented for per day can be obtained through

Equation (12), with which the PV of the ECS company’s revenue equals the PV of the ECS company’s
life-cycle costs, i.e., when the NPV of the ECS company equals zero.

NPV = PVR − PVC = 0 RRV

(1+r)N +
N∑

t=1

RAR+RRR

(1+r)t −CPC −CCPC ×N −
N∑

t=1

CIC+CPSC+CEC+CMC+COC

(1+r)t = 0 (12)

4. Results and Sensitivity Analysis

4.1. Calculation Results

Ultimately, with all the data and parameters defined above, the calculation results of the break-even
moment are shown in Figures 3 and 4. The main result that can be extracted from the comparison
between Figures 3 and 4 is that the break-even moment for LCCS’s EV models was much longer than
that of EVCARD’s EV models. For EVCARD, a shared Roeway E50 must be in operation for at least
3.38 h, i.e., 202.6 min a day, to reach the break-even moment, and a Chery eQ must be in operation for
about 3 h (181.3 min) to reach the break-even moment. However, a shared JAC IEV5 must run for
about 4 h (244.8 min) a day. A shared BAIC EV160 and Geely ZD D2 must be in operation for over
5.4 h (323 min) and 5 h (301 min) a day to make a profit.Sustainability 2020, 12, x 15 of 28 
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4.2. Sensitivity Analysis

The above calculation results were constrained to specific values and some assumptions. In order
to investigate the effect of key variables on the break-even moment and reduce the impact of uncertainty
in specific values and assumptions on the calculation results, a sensitivity analysis was needed.

The manufacturer suggested retail price (CMSRP), government subsidy (CGS), rent of a parking
spot per year (Pspace), market price of a charging pile (Ppile), price of electricity (Pe), operational cost
(COC), unit rental price (A), and non-rental revenue (RAR) were the variables set to vary according to its
future possible trend (Table 12). The different value ranges of variation for each variable were tested in
the sensitivity analysis, while the values of other variables remained at their original values adopted in
the above break-even analysis. The results of sensitivity analysis for each variable are discussed below.

Table 12. Variation range of the variables in sensitivity analysis.

Variable Base Value Variation Range

CMSRP shown in Table 4 decrease by 10%, 15%, 20%, 25%, 30%
CGS shown in Table 4 decrease by 30%, 50%, 70%, 90%, 100%

Pspace shown in Table 7 decrease by 10%, 20%, 30% and increase by 10%, 20%
Ppile 10,000 CNY decrease by 10%, 15%, 20%, 25%, 30%
Pe shown in Table 7 decrease by 10%, 15%, 20%, 25%, 30%

COC shown in Section 3.1.7 decrease by 10%, 20%, 30% and increase by 10%, 20%
A shown in Table 10 increase by 10%, 15%, 20%, 25%, 30%

RAR 1300 CNY increase by 30%, 50%, 70%, 90%, 100%

4.2.1. Sensitivity Analysis of CMSRP

The first variable is the manufacturer suggested retail price. The values used in the above
break-even analysis were all over CNY 150,000 for the five EV models. However, the retail price is
likely to decrease with the technology improvement of battery and mass production. The Economic
and Technological Research Institute of China Petroleum Corporation predicated that the cost of power
batteries of EVs in China will gradually decrease from CNY 1700/kWh in 2017 to CNY 700/kWh in
2030 [77]. Thus, CMSRP was assumed to decrease the base value by 10% to 30%. Figure 5 shows
the sensitivity results, which indicated that the two EV models of EVCARD were more sensitive to
the decreasing prices than those of LCCS. Specifically, the break-even moment of the Roeway E50
was the most sensitive among the five models, which will drop by 45.6% with CMSRP falling by 30%.
The break-even moment of Chery eQ was still the least among the five models, which is only 1.7 h if
CMSRP decreases by 30%.
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4.2.3. Sensitivity Analysis of Pspace

The third variable is the rental cost of a parking spot per year. The change of this variable is
affected by many factors, including government policies, partnership networks, and urban land rent.
In the early stage of the development of an ECS, some local governments tend to provide free rental
parks for ECS companies to stimulate their enthusiasm for participation. However, these preferential
policies are gradually abolished in the later stages. Meanwhile, the partnership network may continue
to expand with the development of the ECS and the business cooperation between the partners may be
conducive to the reduction of rents. Thus, Pspace was assumed to vary from −30% to 20%. Figure 7
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shows the sensitivity results. Obviously, the five models were less sensitive to the change of parking
spot rental. The most sensitive model was JAC IEV5; however, it break-even moment only ranged
from a maximum decline rate of 10.19% to a minimum increase rate of 6.12% in the sensitivity analysis.
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4.2.4. Sensitivity Analysis of Ppile

The fourth variable is the market price of a charging pile. Like the purchase price of EVs, Ppile
was also assumed to decrease the base value by 10% to 30%, considering the future development of
technology. Figure 8 shows the sensitivity results, which indicated that the sensitivity of the five EV
models to this variable was extremely low. When the market price of a charging pile dropped by 30%,
the break-even moments of the five models only decreased by just over 1%.
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4.2.5. Sensitivity Analysis of Pe

The fifth variable is the electricity price. In China, the general commercial rate for electricity has
been declining in recent years. The Chinese Premier’s Government Work Report in 2018 called for
a further 10% reduction in the average electricity price of general industry and commerce. NDRC
issued Notice on the Reducing Electricity Prices of General Industry and Commerce in March 2018
and May 2019, in which different measures were taken to achieve the goal of 10% reduction. Thus,
Pe was also assumed to decrease the base value by 10% to 30% in this research. Figure 9 shows the
sensitivity results, which showed that BAIC EV160 and Geely ZD D2 were more sensitive to the
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change of electricity price than the other EV models. In the scenario of a 30% drop in electricity prices,
the break-even moments of BAIC EV160 and Geely ZD D2 decreased by 5.22% and 4.79%, respectively,
compared to the base values. The response of Chery eQ was the smallest, which was only a decrease of
2.78% in the scenario of a 30% drop in electricity prices.
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4.2.6. Sensitivity Analysis of COC

The sixth variable is the operational costs. Among them, the relocation cost was identified as
a main component of the operational costs in previous studies [13,67,79]. In real-world operation,
relocation cost is largely dependent on the labor cost [13]. Optimizing the relocation operation can
reduce the demand for relocators and the workload of them, which greatly contributes to the decrease
of operational costs. Meanwhile, as a function of total number of shared EVs and parking spots [80],
relocation cost was estimated to increase with the expansion of ECS companies. The other cost
components such as marketing cost and digital platform cost may also increase with the expansion of
ECS companies. Therefore, COC was assumed to range from −30% to 20% in the sensitivity analysis
(Table 12). The result presented in Figure 10 showed that the sensitivities of the five EV models to the
change of operational costs were not significantly different. In the scenario of a 30% drop in operational
costs, the largest decline of break-even moments was about 7.57% (Geely ZD D2), and the smallest
decline was about 5.88% (BAIC EV160).
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4.2.7. Sensitivity Analysis of A

The last two variables analyzed are revenue-related variables. One is the unit rental price (A),
which was negatively correlated with the break-even moment. As elaborated above in Section 1,
the ECS industry in China has entered a deep adjustment period since 2017. The market began to
differentiate, and some small-scale ECS companies with poor capability of profiting were forced to
withdraw. Meanwhile, some large-scale ECS companies, having persistent development capability,
may expand further. Thus, A was also assumed to increase the base value by 10% to 30% in this
research (Table 12). Figure 11 shows the sensitivity results, which showed that the sensitivity difference
between the five EV models was small. The Roeway E50 was the most responsive model to the change
of unit rental price compared to the other EV models, and the response of the Geely ZD D2 was the
lowest. In the scenario of a 30% increase in unit rental price, the break-even moment of the Roeway
E50 decreased by as much as 21.03%, and that of the Geely ZD D2 decreased by 18.83% compared to
the base values.
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4.2.8. Sensitivity Analysis of RAR

The other revenue variable analyzed is non-rental revenue brought by per vehicle (RAR). Apart from
rental revenue, non-rental revenue is also an important source of profit for ECS companies. Advertising
revenue, which contributes the most to the current non-rental revenue, is predicated to increase with
the increasing influence of ECS and the expansion of EVCARD and LCCS. Moreover, the non-rental
revenue does not only involve advertising revenue. Big data-based service revenue, for example,
is another critical source and is predicated to increase rapidly in the coming decades. Thus, RAR was
also assumed to increase the base value by 30% to 100% in this research (Table 12). Figure 12 displays
the sensitivity results, which showed that the break-even moments of the five EV models were not
sensitive to the change in non-rental revenue. In the scenario with the lower bound, which assumed
non-rental revenue per vehicle would increase by 30%, none of the break-even moments of the five
EV models was over 1%. Similarly, in the scenario with the upper bound, which assumed non-rental
revenue per vehicle would increase at twice the rate, the reaction range of the models’ break-even
moments was only between 2.45% and 3.04%.
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5. Discussion and Conclusion

5.1. Discussion

Although uncertainty exists in the future values of the eight variables adopted in the sensitivity
analysis, this paper is conducive to having a comprehensive and intuitive understanding of the
operation of ECS companies.

Firstly, this study found that EVCARD can achieve an earlier break-even moment of the shared
EVs than LCCS under the current cost and revenue conditions. The break-even moment of the Chery
eQ of EVCARD is the shortest among the five EV models, at only 181.3 min, followed by the Roeway
E50 of EVCARD. The break-even moment of the BAIC EV160 of LCCS is the longest, namely 120.4 min
longer than the Chery eQ. The Geely ZD D2 of LCCS is another model with a break-even moment over
300 min.

Prior to the analysis, it was assumed that the purchase cost may be the major reason for the
difference between the break-even moment of EVCARD and LCCS. However, the analysis in this
paper suggests otherwise. The break-even moment of the Roeway E50, of which the purchase cost is
the highest, is much smaller than that of the Geely ZD D2, of which the purchase cost is the lowest.
The purchase costs of the Chery eQ (EVCARD) and BAIC EV160 (LCCS) are basically the same, yet the
difference in their break-even moments is the biggest. The comparison of the life cycle cost and revenue
between EVCARD and LCCS suggests that the main reason behind the break-even difference may
be the unit rental price. EVCARD charges a rental price of CNY 0.6 CNY every minute, as well as a
non-deductible insurance fee. By contrast, LCCS charges only CNY 0.3 or 0.4 per minute without an
extra premium.

Secondly, the sensitivity analysis also reveals that wide difference exists in the influence of different
variables on the break-even. Since the influence trend and magnitude of the five variables on each EV
model is similar, this section takes the Roeway E50 as an illustrative example, as shown in Figure 13.

It is evident that the manufacturer suggested retail price (CMSRP), represented in blue dots, is the
most influential variable to the break-even and is the only variable of which the decline rate is smaller
than the response rate of the break-even in all five scenarios. When the manufacturer suggested retail
price decreases by 30%, EVCARD only needs to keep the Roeway E50 running for 110.2 min (1.8 h) a
day to achieve the break-even moment, 92.4 min shorter than the base break-even moment.

The reaction of break-even against the variation of unit rental price is the second largest. If EVCARD
raises the unit rental price in CNY 0.78 per minute, the break-even moment of the Roeway E50 will be
42.6 min shorter than the base value.



Sustainability 2020, 12, 6584 22 of 29

Sustainability 2020, 12, x 21 of 28 

Secondly, the sensitivity analysis also reveals that wide difference exists in the influence of 
different variables on the break-even. Since the influence trend and magnitude of the five variables 
on each EV model is similar, this section takes the Roeway E50 as an illustrative example, as shown 
in Figure 13. 

0

50

100

150

200

250

300

350

0 0.5 1 1.5 2 2.5

Br
ea

k-
ev

en
 m

in
ut

e 
of

 R
oe

w
ay

 E
50

Range of variable value index (1=base value)

CMSRP CGS base break-even Pspace Ppile Pe Coc A RAR 线性 (base break-even)

 
Figure 13. Break-even moments for the Roeway E50 in the sensitivity analysis of key variables. 

It is evident that the manufacturer suggested retail price (CMSRP), represented in blue dots, is the 
most influential variable to the break-even and is the only variable of which the decline rate is smaller 
than the response rate of the break-even in all five scenarios. When the manufacturer suggested retail 
price decreases by 30%, EVCARD only needs to keep the Roeway E50 running for 110.2 min (1.8 h) a 
day to achieve the break-even moment, 92.4 min shorter than the base break-even moment. 

The reaction of break-even against the variation of unit rental price is the second largest. If 
EVCARD raises the unit rental price in CNY 0.78 per minute, the break-even moment of the Roeway 
E50 will be 42.6 min shorter than the base value. 

The impact of government subsidy on break-even ranks third. The sensitivity analysis 
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subsidy declines by 30% on the basis of 2017. In the worst case, where the subsidy is abolished, the 
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business service, such as the Autolib programme in Paris, and the RFP (request for proposals) 
programme in San Francisco, which focused on reserving on-street parking spaces for CS vehicles. 
Munich allows free-floating carsharing operators to park everywhere and has lowered the price of 
the parking permit to €900 instead of €1800 for free-floating cars [83,84]. Many studies have argued 
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The impact of government subsidy on break-even ranks third. The sensitivity analysis
demonstrates that the break-even of the Roeway E50 will increase to 229 min (3.8 h) if the government
subsidy declines by 30% on the basis of 2017. In the worst case, where the subsidy is abolished, the
break-even moment of the Roeway E50 will jump to 290.6 min (4.8 h), which would impose some burden
on EVCARD’s profitability. For ECS companies, it is very difficult for them to sustain profitability at
the early development stage due to the large investment costs such as vehicle cost and infrastructure
construction cost. The competitive between CS mode and other transportation modes makes it even
more difficult. Therefore, many countries’ governments implemented supportive policies for ECS to
accelerate its take-off. For example, in South Korea, the government not only provide parking space
for CS startups, but also adopted the public–private partnership (PPP) method to boost CS program
development [81]. The Brazilian government launched its first ECS demonstration project (VAMO)
in Fortaleza, which proved to have offered great benefits to urban mobility [82]. Some other cities
also introduced CS demonstration and treated it as a sustainable business service, such as the Autolib
programme in Paris, and the RFP (request for proposals) programme in San Francisco, which focused
on reserving on-street parking spaces for CS vehicles. Munich allows free-floating carsharing operators
to park everywhere and has lowered the price of the parking permit to €900 instead of €1800 for
free-floating cars [83,84]. Many studies have argued that the success of the ECS service comes from
close partnership between governments and ECS companies [85].

Operational cost per vehicle is the variable of which the influence on the break-even ranks fourth.
However, unlike what is assumed, its influence is not very strong. The break-even moment of the
Roeway E50 will only drop by 20 min with a 30% decrease in operational cost. In turn, this may mean
that operating costs must be substantially reduced on the current basis in order to achieve a significant
decline in the break-even.

The effect of electricity price and rental of a parking spot is much the same. Reducing them by
30%, the break-even will change from 202.6 min to 195.8 and 196 min, respectively. The other two
variables that have a negligible effect in the sensitivity analysis is market price of a charging pile and
other revenues per vehicle, especially the latter. Varying other revenue from 30% to 100% will only
decrease the break-even of the Roeway E50 from by 0.78% to 2.6%. This may mean that ECS companies
can hardly rely on current other revenue to make a profit.

5.2. Conclusions

ECS is generally accepted as an innovative mobility mode to alleviate the persistent unsustainable
problems in the transportation sector. In real-world operation, the question of how to realize profit for
ECS companies is a critical issue that the sustainable development of ECS must address. Previous
literature on this issue, however, is scarce, and most only examines the benefits of ECS to society
and users. Through an empirical quantitative analysis, this research fulfills a current gap in the
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existing academic CS/ECS literature by examining the break-even conditions for ECS companies.
The life-cycle cost and the monetary economic revenues of ECS companies are considered in the
break-even analysis. More importantly, a sensitivity analysis was further conducted to analyze how
different factors influence the profitability of ECS companies.

This research takes two influential Chinese ECS companies, namely EVCARD and LCCS, as
case studies. These two companies are both located in large Chinese cities, as are most of the CS
companies. According to the study of Kortum et al., the demographic and economic descriptors of
different cities may play determining roles in the development of the CS services [85]. They found the
city’s residential density has a positive effect on CS development, which can explain why most CS
companies currently selected big cities as main market. It is an important method to solve the “last
kilometer” problem in the big cities. However, in the long term, the development of CS/ECS will not be
limited to big cities, considering the fierce market competition and its role in accelerating sustainable
transportation. After exploring the development experiences, it should be gradually expanded to
small and medium-sized cities. For example, EVCARD is now distributing its operation in small and
medium-sized cities, such as Huangshan and Guiyang.

In this paper, the break-even moments of five main EV models belonging to the two companies
are determined. Findings from our case study show that ECS companies with the B2C model are
facing great challenge in making profits under the current cost and benefit conditions. For EVCARD,
each!shared EVs must run for at least three to four hours before the company can make a profit.
Taking its huge fleet size into account, however, that may be very difficult for EVCARD. For LCCS,
each shared EVs must run for about five hours before the company can make a profit. As a result, it
may be more difficult for LCCS to make profits. However, the relatively small fleet size and more
importantly, the characteristic of multi-operators of LCCS, can mitigate the impact of possible losses
on each operator to a certain extent.

Although the increase of rental price can shorten the break-even moment, too high a rental price
may reduce the attractiveness of ECS for consumers, considering the fierce competition in the CS/ECS
market and the substitution of other mobility modes. Exploring appropriate pricing strategies is thus
one way for CS operators to get more market share in the competitive market [86]. For example,
dynamic pricing is regarded as a useful strategy in the most recent studies to improve operator
profits [87]. Jorge et al. [88] argued that operators should decrease the rental price when a car-sharing
trip can benefit the balance of the system, and thus increase the profit. Ciari et al. [86] further pointed
out that different pricing strategies can not only increase or decrease the demand but also impact
the usage patterns, i.e., who will use the carsharing and when and where. In addition to the pricing
strategies, providing users with better value proposition is also important for ECS companies [89].
Perboli et al. [89] demonstrated that consumers’ choices about carsharing are influenced by many
factors other than rental price, such as perceived quality of the service and vehicle model varieties.
Therefore, CS companies should adopt a variety of methods to cooperate with the pricing mechanism
to attract consumers.

Meanwhile, ECS companies should explore various ways to cut down the life-cycle cost, especially
the car purchase cost, operational cost, and rental cost of parking spaces, such as through the exploration
of multi-operators by LCCS. For ECS companies, it is important and imperative to establish cooperation
with more commercial organizations to help reduce the rental cost of parking spaces, especially
considering the scarcity of land resources in some Chinese megacities such as Beijing, Shanghai,
and Shenzhen. Overly-high operational cost, especially relocation cost, is the key reason why many
ECS companies are losing money. The sensitivity analysis shows that operational cost must be
substantially reduced on the current basis in order to increase profitability. ECS companies may need
to design appropriate operational policies to reduce the relocation cost, such as dynamic pricing,
i.e., the rental fees vary with the vehicle availability [90]. Tapping other sources of revenue can help
alleviate ECS companies’ huge cost burden. However, the sensitivity analysis reports that existing
other revenues are extremely limited and have little impact on increasing the possibility of profitability.
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The results of this paper provide some useful insights for policy-makers. Currently, in the ECS
industry, the operators are suffering great pressure due to vast investment and limited demand.
As shown in the above analysis, the manufacturer suggested retail price of EVs is the most influential
factor for the operators. Therefore, the government should pay more attention to the roles of policies
for EV cost reduction in the coming “Fourteenth Five Year Planning”, such as the policies for R&D,
which can not only promote the diffusion of EVs, but also increase the profitability of ECS companies.
Moreover, findings also show that the supportive policies from the government, such as financial
subsidy and decreasing electricity prices, play important roles in operators’ profitability. Therefore,
the government should try to avoid the negative effects of immediate abolition of subsidies and provide
ECS companies with niche protection through gradual decline of the subsidy scheme. In addition,
the government should emphasize policy mixes rather than single policies. Low interest loans, tax relief,
and demonstration, which increases the awareness of consumers about ECS, should also be introduced.

However, there are several limitations to our research. This paper assumes annual operational
costs to be fixed values, and the study is limited by data availability. In fact, operational cost would vary
with the change of many variables, such as fleet size, network of stations, operational time of vehicles,
travel routes of users, and battery recharging constraint. Moreover, the composition of life-cycle cost of
Chinese ECS companies may not be applicable to other countries or areas. Nevertheless, our results
are still inspiring for the companies in other countries or areas.
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Abbreviations

AC alternating current COC operational cost per vehicle per year
B2C business-to-consumer CPSC parking spot cost of a shared EV per year
CS carsharing DM average daily mileage
DC direct current ECR energy consumption ratio of an EV
ECS electric carsharing IBP basic premium
EV electric vehicle ICI compulsory traffic insurance
kW kilowatt IDI “non-deductible” insurance
kWh kilowatt hour ILI loss liability insurance

MIIT
Ministry of Industry and Information
Technology

IPI vehicle personnel liability insurance

MOST Ministry of Science and Technology ITI commercial third-party insurance
MOF Ministry of Finance N service lifespan of a shared EV

NDRC
National Development and Reform
Commission

Nc depreciation period of a charging pile

NPV net present value Pe price of electricity
P2P peer-to-peer Ppile market price of a charging pile
PV present value Pm life-cycle maintenance cost of an EV per km
SAT State Administration of Taxation Pspace rental of a parking spot of a shared EV per year

SHDRC
Shanghai Development and Reform
Commission

PVC
present value of the life-cycle costs of a shared
EV

SHEIC
Shanghai Economic Informatization
Committee

PVR present value of the revenue of a shared EV

SHFB Shanghai Finance Bureau RAR average advertising revenue per EV per year

SZDRC
Shenzhen Development and Reform
Commission

RRR rental revenue of a shared EV per year

SZMPG
Shenzhen Municipal People’s
Government

RRV residual value of a shared EV

TCO total costs of ownership r discount rate
Symbols rc residual value rate of a charging pile
A unit price of renting a shared EV Speed average driving speed of a shared EVv

B other costs for users to rent a shared EVx
total minutes a shared EV is rented for in
one day

CCPC
charging pile costs shared by an EV per
year

α number ratio of parking spots to EVs

CEC energy costs of an EV per year β the number ratio of charging piles to EVs
CGS government subsidy granted to an EV η charging efficiency
CIC insurance cost of an EV per year λ annual depreciation rate of a shared EV
CMC maintenance cost of an EV per year θ cost ratio of battery to the whole vehicle

CMSRP
manufacturer suggested retail price of
an EV

δ1 depreciation value of an ICEV per km

CPC purchase cost of an EV δ2 depreciation value of a battery per km
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