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ABSTRACT Our study clarifies a combination of key resources to overcome entry barriers in the electric
vehicle market, and further their minimum level required to enter it. Analyzing 14 firms over 2005-2017,
we find that firms securing a combination of low cost-high capacity battery, low vehicle price, long driving
range and high safety rating successfully enter the market. A lack of any single resource results in market
entry failures. Also, the relative importance of resources varies by market segments, emphasizing importance
of a segment-optimized resources management. Theoretically, our study connects entry barriers to resource-
based view. Managerially, firms can improve strategic resource management for a successful market entry.
Government can introduce a package of policies supporting resources development or acquisition of such
companies, thereby boosting market entry, innovation, and growth of companies.

INDEX TERMS Entry barrier, resource-based view, key resource, electric vehicle, fuzzy-set/qualitative
comparative analysis.

I. INTRODUCTION
Entry barriers have been effective ways of preventing
newcomers into the market, thereby limiting competition
[1], [2]. Particularly, incumbents in the automotive industry
had successfully used these, and therefore had maintained
competitive advantages over more than several decades
[3], [4]. Researchers argue that a mix of economies of
scale, cumulative learning curve effect, product complexity,
vast amount of initial investment, sophisticated supply
chain and others is crucial to such success [4]. However,
it should be noted that such strong entry barriers in the
automotive industry have notably weaken over last decade.
Many start-ups have entered the automotive market, and
some company such as Tesla establishes itself as a leading
company.

A number of studies tried to identifying key factors
affecting such phenomenon, and hold a common view
that it should be driven mainly by simpler architecture of
electric vehicles (EVs) in comparison to complex architec-
ture of conventional internal combustion engine vehicles
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(ICEVs) [5]–[7]. Simpler EV architecture lowers technolog-
ical, manufacturing and supply chain barriers, and further
enables newcomers to enter the automotive industry. Also,
some studies suggest that incumbents’ passive attitude toward
new mobility business as well as technology should make
entry barriers weakened [8], [9]. Other notable factors include
eco-friendly government policies [10], [11] and growth of
megacities and regions with high-income groups [12]–[14].
These favourable factors often concentrate on a certain region
such as California, thereby facilitating rapid growth of new
entrants.

Despite valuable, these factors are not enough to explain
the success of new entrants in the automotive industry
because of a lopsided focus on external factors. Entry barriers
increase the cost of a new entrant more than existing players.
In that regard, its internal capabilities and resources are
critical to overcome the cost disadvantage due to entry
barriers [1], [15]. In other words, we must identify key
resources and capabilities, and trace their changes over time
in order to gain competitive advantages under changing
external technological, market and policy environment. One
thing to note is failed entrants. Some entrants grow, but
others fail. It implies that core internal capabilities and
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resources might be different between successful and failed
entrant [16].

Considering this, we aim at clarifying combinations of key
factors of new companies to enter the EV market, focusing
on internal capabilities and resources. As a theoretical
framework, we adopt a resource-based view because it can
identify rare and valuable, in other words, differentiated
capabilities and resources. Methodologically, we use a
fuzzy-set qualitative comparative analysis (fs/QCA) because
it can deal with small number of cases better than others. The
number of entrants in the EV market is fourteen, meaning
that we have difficulty in getting statistically significant
results by using other quantitative techniques. The fs/QCA is
appropriate to identify combinations of independent variables
which support the causal relationship between those and
dependent variable even with small and middle number
of cases. Using these, we identify combinations of core
capabilities and resources of new entrants to weaken strong
entry barriers, and thereby to successfully enter the EV
market in the automotive industry. Further, we make attempts
to find the minimum thresholds of core capabilities and
resources to avoid market entry failures. Our study can
improve competitive strategies both of existing incumbents
and new entrants, and further design policies to stimulate new
EV entrants by well-focused resources subsidies and core
capability improvement program.

The remainder is organized as follows: In the section 2,
we review literature on the resource-based view and entry
barriers. Our analytic methodology including research frame-
work is introduced in the section 3. Then, we provide
our analytics results in the section 4. Discussion and
conclusion follow, including technological, strategic and
policies implications.

II. LITERATURE REVIEW
A. ENTRY BARRIERS
Entry barriers are defined as obstacles preventing new
entrants from being an established entity in a particular
market [1], [17]. Barriers increase cost of production by a
firm which seeks to enter a market, inhibits their entries,
and therefore enables established firms to set prices above
marginal cost [1], [15]. These permit established firms to
earn monopoly profits while making entrants unprofitable.
In other words, entry barriers affect competition as well as
industry structure. Subsequently, previous literature mainly
deals with two themes comprising strategic management and
industrial organization [18].

At the outset, industry organization researchers focused on
the effect of entry barriers on performances of new entrants,
and tried to examining the causal relationship between cost
disadvantage and financial performance of new entrants [15],
[19], [20]. Also, at the industry level, they studied the effects
of concentration upon industry performance [21], [22].
In these studies, economies of scale constitute a main source
of barriers and profitability of established firms.

However, as industries evolve, various entry barriers
have emerged and been used, affecting competition and
market structure. Subsequently, following studies categorized
barriers according to several criteria, and analysed the
effects of specific entry barriers on corporate behaviour
and performance [23], [24]. At first, entry barriers are
classified as either exogenous or endogenous, and further
technological, production, marketing and other barriers along
the value chain [25], [26]. Exogenous barriers are embedded
in the market conditions, and cannot be controlled by firms,
including product differentiation, cost advantage, brand
image, customer switching cost and government policy.
Contrastingly, incumbents can create endogenous barriers
including sales promotion and price competition.

Differently, the main theme of strategic management
studies were about what resources and capabilities new
entrants need to overcome entry barriers, and further to gain
competitive advantages [16], [19]. Early studies focused on
age of assets, economies of scale and market concentration
to achieve cost advantages, but following studies weighed
more on intangible barriers including technology and product
differentiation, customer switching cost and technology
(Bohnsack et al., 2014; Harrigan, 1981; Karakaya, 2002;
Rangone, 1999; Yip, 1982).

The automotive industry had long been regarded as a
good example of strong entry barriers [4]. It is no wonder
that many studies have been devoted to entry barriers
and their effects. Focusing on economies of scale, early
studies investigated effects of manufacturing infrastructure,
resources, and capabilities on cost advantages [30]. Driven
by globalization and market segments diversification, new
entry barriers became more important than traditional
ones. As noted previously, product differentiation, consumer
switching cost, and accessibility to distribution channels have
become more important that as they were (Pehrsson, 2009;
Stringham et al., 2015). Growth of incumbents depended
heavily on effective use of such entry barriers. However,
over last decade, advances in vehicle electrification and
digitalization have strengthened technological entry barriers
more than others [8], [9]. Particularly, recent studies made
efforts to investigate key entry barriers in the electric and
autonomous vehicle markets, focusing more on technological
barriers. Table 1 lists important entry barriers in the
automotive industry with authors and publication years.
It briefly shows an increasing attention to technological and
market barriers.

Previous studies identify many exogenous and endogenous
entry barriers, and examined their effects on corporate
performance, behaviour and industry structure. However,
even if Gable et al. (1995) points out mutually reinforcing
relationships among entry barriers, effective combinations of
entry barriers have rarely been investigated. Also, it should
be noted that a new entrant could overcome such strong
combinations of entry barriers by clarifying those and their
mutual interactions [32]. Considering this, we can argue the
necessity of a research which can identify a set of key entry

60374 VOLUME 10, 2022



M.-J. Cho, J. Shin: Identifying Combination of Key Resources to Overcome Entry Barriers in Electric Vehicle Market

TABLE 1. Entry barriers in the automotive industry.

barriers. Further, it is useful if we can evaluate the relative
importance of each barrier and clarify their positive as well
as negative interaction.

B. RESOURCE-BASED VIEW
The resource-based view provides a theoretical framework
about why firms differ in performances based on differences
in internal resources and capabilities [67]. Its primary propo-
sition is that a firm must acquire and utilize rare, valuable,
inimitable and non-substitutable resources and capabilities in
order to achieve sustainable competitive advantage as well as
higher performance (Barney, 1991). As a bundle of resources,
a firm therefore should absorb, create, use and accumulate
such resources in an effective way [69]–[71]. In other words,
a firm must embrace continuous organizational learning to
estimate future value of resources and apply them better
than competitors [16]. The market entry success as well
as growth of a new entrant also depends on identifying,
acquiring and using such resources through organizational
learning [72].

Empirical studies followed, and identified key resources
across various industries including bearing, trucking and
others [73], [74]. Some studies focused on key factors

to acquire such resources. Teece et al.(1997) emphasized
importance of capabilities of strategic resources assessment
and development beyond simple acquisition of important
resources. Further, some researchers suggested the key role
of a valuable and unique resource base to maximize the
synergy among resources [76]. These studies hold a common
view that an efficient combination of core resources and
complementary factors should improve firm performances,
regarding it as a core competency to gain competitive
advantages (Prahalad & Hamel, 1994; Makadok, 1998).

In that regard, many researchers have examined the causal
relationship between resource-based view and competitive
advantage in a wide variety of phenomena such as infor-
mation system and organizational network [70], [78]–[80].
These studies show that firms focusing on intangible
resources should outperform firms strategically oriented to
tangible resources. Such results are consistent with expec-
tations in Barney (1991), stressing increasing importance of
heterogeneous intangible resources as sources of competitive
advantages. However, as Teece et al. (1997) pointed out,
changes in external environment could reduce usefulness
of any resource. Recent studies therefore have studied the
process from environmental change, to organizational learn-
ing, and to development and accumulation of heterogeneous
resources, and further examined relationships between those
[16], [81].

Along such development, in the automotive industry,
researchers identified key conventional resources includ-
ing manufacturing infrastructure, cumulative manufacturing
know-how, experienced workers, brand image and accessibil-
ity to distribution channels [82]–[84]. Those result in low-cost
advantage, strong brand loyalty and wide market penetration.
However, external forces including stronger environmental
regulation, fluctuating oil price, vehicle electrification and
digitalization have driven changes in core resources and
capabilities of automotive firms. Some researchers argue
that core resources should be electrification, environment
and digital technologies [81], [85]. However, there is few
researches about what core resources are for market entry
and growth, and also about their minimum quantity required.
It is why automotive firms have difficulty in determining
resources that their strategies build on.

III. METHODOLOGY
A. RESEARCH FRAMEWORK
Our research aims at identifying a set of key resources to
overcome entry barriers in the EV market, and further esti-
mating their minimum threshold. As shown Fig.1, we collect
data on EV firms over 2005-2017. Data about firms not trying
market entry or having missing/unreliable resources data are
removed. Then, we select candidates of core resources and
entry barriers based on literature review, and define causal as
well as outcome variables. Literature on entry barriers and
resource-based view provides a theoretical framework with
reference to studies on EV adoption factors.
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FIGURE 1. Research framework.

Our analytic model has two requirements: 1) reduc-
tion of biases due to small sample size limitation, and
2) identification of combination of multiple causal variables.
We select the fs/QCA because it meets both requirements
[86], [87]. Then, we convert causal and outcome variables
to the fuzzy scores through the calibration stage, and conduct
the fs/QCA analysis by using fs/QCA 3.5 software. It results
in the truth table which provides a set of causal variables
representing core resources in order to enter the EV market.

B. DATA COLLECTION
Considering the overall EV market growth, we set the
period of data collection as 2005-2017. Over 2005-2007,
most EV was not for commercial use, but for technology
validation. High-speed EV appeared in 2008. EV companies
increasingly entered the market since 2011, and produced one
million vehicles in 2017.

Then, we collect EV data mainly from the U.S. Department
of Energy, international energy agency, European Union,
A2Mac1, and http://ev-database.org. There are 53 companies
launching EV over 2005-2017. We select companies trying
to enter the EV market because we focus on either success
or failure of the market entry. All Chinese EV companies are
excluded because data are not available enough. One thing to
note is that these companies only enter the domestic market.
Chinese EV companies are therefore separately analysed
from North American and European companies targeting
the global market. Then, we collect and integrate data of
remaining 14 companies.

C. FUZZY-SET QUALITATIVE COMPARATIVE
ANALYSIS(FS/QCA)
The fs/QCA is a set-theoretic approach to causality between
condition and outcome (Ragin, 2008). It can explore how
membership of cases in causal variables(conditions) relate
to their membership in the outcome [88]. It also has an
advantage of identifying the conjectural causation, where
combinations of conditions cause the outcome [89]. Fur-
ther, fs/QCA can find equifinality, where more than one

combination of causal variables could lead to the same
outcome [88]. Last but not least, it can be applied to a set
of small-N data such as 14 cases in our study. It has been
widely used in a variety of fields including sociology, politics,
business, economics and others due to above-mentioned
advantages [87], [90].

For application, after listing all cases, it begins with trans-
forming causal and outcome variables to fuzzy-membership
scores over the zero (non-membership from a set) to
one (membership) through the calibration. Note that the
origin is in descending order, and the median value is used
as the crossover point [91]. Then, we have all possible
inferences between causal and outcome variable. In the truth
table analysis, Boolean algebra is used to reduce the number
of inferences supported by the data. For example, if the
number of causal variables is k, the number of combinations
of possible causal variables is 2^k. The Boolean algebra
selects combinations, where consistency and frequency value
are above certain thresholds. It results in solutions which is a
combination of causal and outcome variables supported by
multiple cases, and is classified into complex, parsimonious
and intermediate solutions.

IV. EMPIRICAL ANALYSIS
A. INDUSTRY BACKGROUND
Over last decade, driven by advances in electrification
technologies and environment-friendly government policies,
EV has been at the heart of attention. Subsequently, a number
of countries provides supports to vitalize the EV market
by using various policies [92]. The EV sales will rise to
between 1.25-2.2 billion units by 2030 on the assumption of
continuous active investment by major companies andmarket
entry of innovative start-ups [93]. A typical cannibalization
effect occurred for automotive manufacturers. The market
share of conventional ICEVs has been reducing because of
increasing market share of EVs. It leads to the weakening
of existing entry barriers, and changes in key corporate
resources and capabilities. In responsive to these, companies
try to pre-empting key resources of EVs, and using entry
barriers.

Some companies such as Tesla successfully entered the
market, but others failed because the entry barriers in
the EV market were not weak, but rather strong. Several
companies once promised have failed to enter the market.
Even after successful market entry, some companies had to
withdraw from the market. It should be noted that some
failed companies should lead the market in technology,
manufacturing and others, in other words, had key resources.
Put in another way, we can argue that any single cause is not
enough to explain the success as well as failure of the market
entry, meaning the necessity of identifying a combination of
multiple causes.

B. DATA
For data collection of EV companies, we need criteria to
classify those into similar groups for comparison. European
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TABLE 2. EV companies.

Union (EU) provides criteria which classify EV companies
into existing incumbents and new entrants, and also EVs into
target market segments based on vehicle size, purpose, engine
and others [94]. New entrants are defined as companies
launching commercial EVs for sale. Existing incumbents
are defined as OEM (original equipment manufacturer)
selling both ICEV and EV. As shown in Table 2, in six
market segments, we can find 14 companies comprising
nine incumbents and five new entrants. From a regional
perspective, there are five US, five European companies,
and four Asian companies. The market segment is used to
select the representative EVmodel of each company for a fair
comparison between EVs, and also between causal variables.

Table 3 provides the key resources of the representative EV
models of 14 companies. We define the representative model
as the best-selling one because it overcomes the entry barrier
better than others. We will explain the way how we select key
resources in the next section.

Additionally, we collect data about another key resource,
vehicle safety. One of the most reliable measure is the
safety score by the new car assessment program (NCAP) in
Europe, and another by the national highway traffic safety
administration (NHTSA) in US. Table 4 provides safety
scores of eight EVs by seven companies. NHTSA five-
star safety rating program evaluates how vehicles perform
in frontal, side barrier, side barrier crashes and rollover
resistance, and rates vehicle safety from one (lowest) to five
stars (highest). NCAP has a similar vehicle safety rating
system by using a five-point grading scale by evaluating
adult/children passenger safety, traffic weakness, safety
assistance system and others. For other EVs without official
safety scores, we assess their scores on the assumption that
vehicles using similar safety technologies should have similar
scores.

C. DEFINITION OF VARIABLES
1) OUTCOME VARIABLE
We define the outcome as a binary variable of success or
failure of the EV market entry. Several proxy variables are
available, but the most widely used is the total sales volume
in previous studies [95]–[97]. Without any exception, firms

TABLE 3. Key resources.

TABLE 4. Safety scores of nine EVs.

withdraw from the market if they failed to reach the threshold
of the total units sold, including Reva Electric (4,600
units sold), Think Global (2,500 units), Coda (117 units),
and Wheego Whip (400 units). According to the previous
literature, the most frequently used threshold is a half of
the maximum units sold [91], [98]. We therefore adopt its
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normalized value, 0.5, as our threshold. The number of total
units sold is normalized between 0 and 1.

2) CAUSAL VARIABLE
As shown in Table 5, we review previous literature on
the EV market entry over 2011-2018, and identify its key
factors including all electric range(AER), vehicle price,
battery cost and others. These factors can be classified into
internal variables comprising driving range, EV price, battery
price/technology and overall performance, and external ones
comprising safety/regulation, charging station/infrastructure,
tax benefits/incentives, maintenance costs and total cost of
ownership. For comparative analysis, some variables are
not appropriate. For example, tax benefits and incentives
vary by countries, and could be affected by macroeconomic
variables such as country’s level of household net disposable
income [11], [92]. Also, charging time and infrastructure
depend on the level of embedded technologies in charging
stations, national energy independence, national power grid
and others [100], [110]. Without controlling those factors, the
comparative analysis among firms over different countries is
likely to be biased. Maintenance cost is not much different
between EVs in same segment. It is useful for comparison
not between EVs, but between EV and ICEV [109], [111].
Similarly, recent studies show that total cost of ownership is
almost same between EVs, and also between EV and ICEV
in same segment [120], [121].

Besides above-mentioned factors, others are key resources
of the EV firms. Key technological resources for the EV
market entry are the battery price per unit capacity and
battery price ratio to vehicle price. Battery occupies a large
proportion of the EV cost, and is therefore crucial to the
EV cost competitiveness in comparison to other EVs and
ICEVs [85]. The battery price per unit capacity (T1 in
Table 6) is an indicator of battery efficiency as well as
battery cost competitiveness. Lower T1 means higher EV
cost competitiveness and advanced battery technology. The
battery price ratio to vehicle price (T2) measures the overall
EV performance besides a battery because lower T2 means a
larger proportion of the EV cost of other parts including safety
systems, convenience features and others. Around similar
EV price, the lower T2 usually leads to better performances
of some of those parts due to more investment in relevant
technologies. Put these together, a combination of low T1
and T2 results in cost as well as performance competitiveness
because of advanced battery and other technologies.

Previous studies identify EV price (M1) and driving range
(M2) as key factors of consumer EV choices, in other words,
core consumer-side resources [99], [101]. Even if both are
barriers to market entry, M1 is a stronger barrier than M2
because consumers are sensitive to M1 more than M2 [81],
[117]. However, core consumer-side factors slightly vary by
vehicle segments. In micro, mini and small car segment, M1
is a single dominant factor of most consumer choices [99].
Differently, in the executive and sport utility vehicle segment,
both M1 and M2 are important [99], [106]. Particularly, the

TABLE 5. Key factors of an EV market entry.

maximum driving range is a strong barrier to market entry in
these segments [100]. Considering the trade-off between M1
and M2, consumers choose their favourite EVs [99].
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TABLE 6. Definition of causal variables and fuzzy score.

Among safety/regulation factors, the EV collision safety
(R1) is a comprehensive entry barrier which is related
technology, market and regulation factors. It depends on the
battery technology resources and relevant R&D (research
and development) capabilities which is a technological entry
barrier. Also, higher collision risk is subject to legal sales
regulation, and has a negative effect on consumer EV choices,
implying the necessity of legal and market resources to
overcome those. We adopt both NCAP and NHTSA safety
indicator because there are the most widely ones. As shown
in Table 6, we select five causal variables which is proven to
be important in previous studies.

In the automotive industry, the competitive advantage came
mainly from the low cost structure including robust supply
chain and manufacturing efficiency [83], [84]. It was a key
barrier to market entry. Quite differently, advanced technolo-
gies including battery are key resources and at the same
time entry barriers in the EV market [154], [158]. However,
at the initial stage of commercial EV introduction, cost
competitiveness including battery cost, maintenance cost and
tax benefit was crucial to EV market entry and growth. These
resources are still important, but advanced technologies and
overall performances have become increasingly important.
It shows a shift of key resources from ICEV, to initial EV,
and to recent EV. We therefore focus more on recent key EV
resources as shown in Table 6.

As shown in Table 7, we convert the raw data of causal
variables of EV models to fuzzy set scores by using
calibration method by Ragin (2008). It enables us to identify
a mix of causal variables which can explain either success or
failure of market entry of those EVs.

D. RESULTS
As shown in the table 8, we identify three types of causal
configurations of five variables to explain the outcome
(success/failure of market entry) in the truth table [159].
Considering the small number of cases, we set the cut-off
of the number of cases as two and the consistency threshold
as 0.7 based on previous studies [160], [161]. Consistency
refers to the percentage of causal configurations of similar
composition which result in the same outcome value (Ragin,
2008). High consistency means that the causal relationship
is supported well by cases. Our data are also characterized
by medium complexity in terms of number of combinations

TABLE 7. Fuzzy scores of causal variables.

TABLE 8. Truth table.

of causal variables. In that regard, we adopt the intermediate
solution method which is appropriate to deal with it.

The causal configuration denoted by E1 can explain
the successful market entry supported by four cases. Its
consistency means that a firm with a similar causal con-
figuration is likely to successfully enter the market with
a probability of 89.5631%. The solution coverage of five
causal variables is 0.643979, meaning that these variables
can account for 64.3979% of success/failure of market entry.
In other words, the causal configurations based on five
variables can explain a successful market entry better than
failures.

1) CAUSAL CONFIGURATION FOR EV MARKET ENTRY
SUCCESS
As shown in the table 8, in order to successfully enter the
EV market, a company has to satisfy the causal configuration
E1. Cases of such successful market entry based on E1 are
observed in the upper market segments including B, C and
S in the table 2. The maximum ICEVs price was $40,000
in the C-segment, and $38,080 in the B-segment. Successful
EV models by Nissan and Ford were priced under $40,000
in the C-segment, and Renault’s EV under $38,080 in the
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FIGURE 2. Linear relationship between T1 and M1 in the C-segment.

FIGURE 3. Linear relationship between T1 and T2 in the C-segment.

B-segment, having price competitiveness. Tesla’s EV was
not expensive in comparison to ICEVs including Mercedes
S-Class, Porsche Panamera, BMW 7, Audi A8, and Lexus
LS in the E-segment. Such EV price (M1) competitiveness
built on low battery price per unit capacity (T1) and battery
price ratio to vehicle price (T2). These EVs had driving
ranges (M2) not much shorter than ICEVs, and longer than
other EVs. Their safety ratings (R1) were also above an
industry average. These results are consistent with previous
studies [99], [163].

Fig. 2 shows the linear relationships between battery price
per unit capacity (T1) and EV price (M1) for Coda, Ford
and Nissan in the C-segment. Using data about batter prices
and capacities of suppliers and EV prices, we employ a
simple linear regression, and get the lines in the Fig. 2. The
upper horizontal line represents the maximum ICEV price
($42,000) based on prices of Honda Civic, Hyundai Elantra,
Ford Focus, Volkswagen Golf and Toyota Corolla. These
ICEVs occupy a large market share. Three black coordinates
in the Fig. 2 represent T1 and M1 of EV models by Coda,
Ford and Nissan. As expected, EV prices of three companies
below the maximum ICEV price, but Nissan and Ford have
an advantage of lower T1 than Coda. In the Fig. 3, battery
price ratio to vehicle price (T2) of Nissan and Ford are also far
lower than Coda. Therefore, Nissan and Ford could provide
consumers with low price EV and relative advantages in other

FIGURE 4. Linear relationship between T1 and M1 in B-segment.

FIGURE 5. Linear relationship between T1 and T2 in B-segment.

features including safety, and has a better combination of
resources in order to overcome the entry barriers of cost as
well as EV price competitiveness.

In the B-segment, the ICEVmaximum price line ($38,080)
is set with reference to prices of Renault Clio, Volkswagen
Polo, Ford Fiesta, Peugeot 208, and Opel Corsa. In the
Fig.4, EV prices of Renault and Chevrolet are positioned
below the ICEV maximum price line, showing their price
competitiveness. In terms of the battery cost competitiveness
by T1, Chevrolet has a clear advantage against others
including Renault.

Tesla has no competitors in the E-segment, and we
therefore have difficulty in comparing its EV with others.
We therefore divide the EV price (M1) by the maximal ICEV
price in each segment, and create a new variable of the relative
EV price (M1’). We use it as an axis, sets up the T1-M1
plane in the Fig. 6, and fix the coordinate of Tesla’s EV.
Notably, Tesla has the lowest M1’ and the second-lowest T1,
showing its price aswell as cost competitiveness stronger than
smaller and cheaper EVs. Similarly, in the T1-T2 plane, Tesla
has the third-lowest T2 which is also lower than most EVs.
Clearly, Tesla has one of the best combination of resources
in comparison to other EV companies, and it EV model has
clear advantages of price, cost and performances in other
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FIGURE 6. Positions of EV companies in the T1-M1’ plane.

FIGURE 7. Positions of EV companies in the T1-T2 plane.

FIGURE 8. Linear relationship between T1 and M1 in the A-segment.

features. These results can clarify the reason why Tesla can
successfully enter the EV market, and then gain competitive
advantages against other EVs.

2) CAUSAL CONFIGURATION FOR EV MARKET ENTRY
FAILURE
In the A-segment, the causal configuration of four variables
below thresholds except for the driving range (M2) failed
to enter the market. Also, similar configuration of four

FIGURE 9. Linear relationship between T1 and T2 in the A-segment.

variables below thresholds except for the EV price (M1)
failed the market entry. In the Fig. 8, the maximum ICEV
price line is at the $32,368 with reference to ICEVs com-
prising Citroën C1, Renault Twingo, Kia Picanto, Peugeot
108 and Fiat 500). Wheego Whip and Think Global failed
to enter the market. Their M1 is higher than $32,368
because of higher T1 than others, implying their difficulty
to overcome the price/cost barriers. On the assumption
that these companies could reduce T1 down to 650$/kwh
which FCA achieved, Think Global could reduce its M1 to
$30,250, andWheegoWhip to $27,505. TheseM1s are below
$32, 368, implying cost as well as price competitiveness
enough to enter the A-segment. In the Fig.9, their T2s are
higher than others, meaning its expected negative effects on
performances of other features. Overall, higher T1 might
result in not only weak price/cost competitiveness, but to
higher T2 and inferior performances of other features to
competitors.

Despite M1 below the maximum ICEV price, Coda
Automotive failed to enter the C-segment because its T1 is
far beyond a threshold. If it can reduce it T1 to 520$/kwh
by Ford, its M1 could have dropped to $26,670 with 0.64 of
T2. Although these conditions are met, Coda Automotive
has a difficulty in entering the C-segment because it has
disadvantages of M2 in comparison to competitors. Finally,
Hyundai-Kia has no comparable EVs in the J-segment, but
could not go beyond thresholds of three variables except for
M1 and R1.

V. DISCUSSION
Under asymmetric information, new entrants have difficulties
in identifying key resources and their minimum required level
to successfully enter the EV market. These companies tend
to focus on a couple of resource to overcome some barriers
while ignoring other important resources and barriers. It is
likely to result in market entry failures. A successfully EV
market entry needs all key resources beyond the minimum
required level.

Our analytic results provide evidences for such argu-
ment. Excellence in any single resource was not enough.
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New EV entrants must secure a combination of low cost-high
capacity battery, low EV price, long driving range and
competitive performances in safety and other features. They
also satisfy their minimum requirements. Satisfying all
required conditions, Ford, Renault, Nissan and Chevrolet
could successfully enter the EV market, and keep their
market positions. However, Think Global and Wheego Whip
focusing on longer electronic driving range overlooked
battery cost as well as EV price competitiveness, struggled
from a low safety rating, and consequently withdrew from the
market. Somewhat differently, Kia and Coda gained EV price
competitiveness, but lost competitiveness in others including
driving range and battery cost. These companies could not
hold their market positions.

It should be noted that relative importance of each
resource varies by market segments. In the low-priced EV
segments, consumers are sensitive to price more than others
including driving range. New entrants have to reduce its
EV price, at least, down to ICEV prices. It is therefore
crucial to reduce the battery cost below a threshold, meaning
that companies either develop its own low-cost battery or
find a capable supplier. Contrastingly, in the high-priced
segment, consumers focus on a longer driving range more
than price, implying that a battery capacity is important
more than a battery cost. Consequently, new EV entrants
have to understand resources requirement of a target market
segment, and either procure or develop a combination of key
resources. Some researchers argue that Tesla’s success should
depend heavily on strategically entering a high-priced vehicle
segment. However, our research shows that its success could
not be explained by such single factor, but by comprehensive
advantages of key resources over competitors. Tesla has a
competitive advantage of low battery-cost-to-vehicle-price
ratio even over EVs in the low-priced segment, implying
its strong cost competitiveness. One more thing to note is
that a competitive advantage of a resource could lead to
another competitive advantage of another resource. Some
companies including Nissan and Renault could improve its
safety features because of more budget availability due to low
battery cost.

From a policy perspective, our study shed a light on a
problem about what an effective policy incentive structure is
in the EV market. As noted in previous studies, EV diffusion
will not accelerate if policy incentives are not sufficient
to induce consumers to buy those. U.S.(United States
of America) government therefore has increased EV tax
credits from the base $7,500 up to $12,500 in 2021.
Chinese government recently cuts its subsidy by 20%,
but still reimburses about $2,200. Many countries have
a similar incentive structure focusing on tax credit and
subsidy. However, our study suggests that such price-focused
incentives might be not enough to boost EV adoption.
Companies need a combination of key resources to enter
the EV market. It means that customers need not only
low cost but others including longer driving range and
advanced safety features. Well-focused government policies

including R&D funding and safety assessment education
can help EV companies secure key resources, increase
overall EV competitiveness, and thereby accelerate mass
adoption. In other words, governments should design and
implement policies facilitating key resources development or
outsourcing by EV companies. Further, new entrants boost
innovation as well as competition in the EV market, facilitate
cost reduction as well as differentiation of EVs, and thereby
attract more customers.

VI. CONCLUSION
The automotive industry has long been characterized by
oligopoly and incremental innovation. Existing incumbents
did not have to explore disruptive innovation because
strong entry barriers limited competition. They therefore
focused on incremental innovation of ICEVs. As noted
previously, a dramatic change around EV and autonomous
vehicle has been unfolding. It attracts new entrants to the
market, introduces new technologies and EVs, and attract
more customers. Strong entry barriers have been weakened,
damaged and partly broken, thereby creating opportunities
for new entrants. Many firms entered the EV market. Some
were successful, but others not. It is no wonder that academic
as well as practical research try to identifying key factors of
a successful market entry.

From an academic viewpoint, our study contributes to
identifying not an individual key resource/factor but a
combination of key resourceswith their thresholds required to
enter the EV market. Also, previous studies focus on external
factors including infrastructure and policy incentive. Differ-
ently, our study clarifies importance of internal resources and
their synergies to overcome entry barriers, thereby building
a bridge between market entry barrier and resource-based
view. Resource-based view focuses on attributes of resources,
but attributes including rarity and value are not enough in a
market with various entry barriers. A variety of key resources
required to overcome such barriers has to be combined in an
effective way while maximizing their synergies. Our study
provides some supporting evidences.

Practically, our study has managerial as well as policy
implications. New entrants can recognize importance of
securing a combination of key resources required to over-
come entry barriers. Firms can improve strategic resources
management, thereby successfully enter the market based
on competitive advantages of key resources. Government
can introduce a package of policies supporting resources
development or acquisition of such companies, thereby
boosting market entry, innovation and growth of companies
in the EV market. Also, a policy optimized to needs
of a specific market segment is likely to increase its
effectiveness.

Despite such contribution, our study has several limita-
tions. Above all, the small number of cases limit general-
ization of our analytic result and interpretation. Statistical
analysis based on large number of cases is needed in
following research. Also, we suggest some interpretation
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about causal relationships between resources, but cannot
validate those in a strict way. Either qualitative or quantitative
validation can increase its reliability, and might identify new
synergies or conflicts between resources. Another problem
is restricting analysis to representative EV models while
excluding various EVmodels by same company. There might
be some bias about measurement of EV performances and
resources. Last but not least, we cannot consider important
external factors including government policy, infrastructure
and others, and therefore cannot suggest a more compre-
hensive view as well as interpretation. In a similar context,
internal intangible resources including design, brand loyalty
and others need to be considered. Following studies need to
address these issues on the assumption that more data are
available.
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