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Abstract. The environmental transition has become a crucial element in the Eu-
ropean Commission agenda. In this context, a key role is play by the electrifica-
tion of the mobility that is viewed as a feasible alternative respect to the tradi-
tional fossil fuel paradigm, due to significant energy benefits. However, the scar-
city availability of raw materials for producing battery packs and their concen-
tration in few specific areas of the world, is determining high level of uncertain-
ties and vulnerability in the supply chains of European car manufacturers. In par-
ticular, they are heavily facing the challenges that this transition is posing, spe-
cifically considering the reorganization and the structure of the associated supply
chain. Therefore, this paper aims at capturing the perspectives of automotive in-
dustry about the different stages of the battery supply chain in the electric vehicle
market. To this end, a questionnaire survey has been administrated to a set of
identified automotive professionals. The obtained results underline that procure-
ment, production and recycling of batteries are the most critical steps. On the
contrary, the transport and the storage of the batteries are seen less crucial. This
research is intended to stimulate future studies on innovative supply chains able
to better manage batteries, and it is aimed at supporting car producers on design-
ing more accurately their supply chain and to support decision makers in more
effectively develop policy in the field of the electric mobility transition.

Keywords: Supply Chain, Battery, Electric Vehicle, Questionnaire.

1 Introduction

Transport that represents the core of all business and social activities at a worldwide
level, is one of the most impacting agents for the environmental pollution, as about one-
fourth of greenhouse emissions can be related to transport vehicles [1]. This is because
the transport sector mainly depends on fossil fuels that discharge enormous amounts of
greenhouse gases that are the primary basis of the climate change. Furthermore, the
transport sector is a cause of the urban heat island phenomenon, resulting in emissions
of fine particles, i.e. PM2.5, NOx, and SO2, into the natural environment. Air pollution



has long been a focus of attention because of its adverse effects not only on the climate
and national economies but also on human health. Therefore, according to the Euro-
pean Commission the sustainability of the transport has increasingly become a central
theme [2].

In this context, the electrification of the mobility is considered a crucial element in
achieving environmental sustainability goals due to significant energy benefits com-
pared with conventional fossil fuel vehicles [3]. Even electric vehicles (EV) still suffer
from a limited mileage, an underdeveloped charging network and lengthy charging
times, the expected number of EV sold is projected to increase from 4 million in 2018,
to 900 million in 2040. This will bring to a dramatic increase the demand for batteries
that are currently the main element in powering EVs [4].

Moreover, car manufacturers have announced heavy investments in EVs, and a lot
of new electric models are expected to enter the market in the next years [5]. In this
context, Europe has been undertaking a strategy of climate neutral economy and EVs
might play a crucial role in achieving this goal.

Car manufacturers rely on lithium-ion battery for powering the electric engines of
the vehicles since this technology is able to offer an acceptable level of efficiency, high
powers, good life cycle and high energy density [6]. This business environment is de-
termining strong competition among players in order to have the availability and the
steady supply of batteries together with the related raw materials. In particular, car man-
ufactures are dealing with battery manufacturers that have a strong market position in
the light of the scarcity of batteries [7]. In addition, the environmental transition in
transport is determining relevant uncertainties in the automotive supply chain (SC) be-
cause of the massive technology shift related to product design, production process and
more in general supply network structure. Other critical aspects might be referred to the
limited availability of lithium, its spatial concentration in specific areas of the world
and difficulties in implementing a sustainable and economically feasible recycling pro-
cess.

Therefore, these complex relationships are leading vulnerabilities to EV SC, and the
battery SC structure and the related organization are important drivers of procurement
and cost reduction for a low impact vehicle [8]. In addition, the European Green Deal
places European Union at the forefront of the green transition, and one of the main
objectives is the decarbonization of the transport sector [9]. Thus, European car indus-
tries have embarked on a transition from the production of vehicles with internal com-
bustion engines to the production of electric vehicles, which is leading to the reorgani-
zation of the existing automotive industry European sector [10].

Specifically, European Union seek to achieve a more than 80% share of EV by 2030
[11], and there is still an open debate about the decision of prohibiting the sale of tra-
ditional engine powered vehicles by 2035. Therefore, there is a strong policy pressure
that is forcing the automotive industry to design and produce more environmental ve-
hicles based on electric power. European Union, via the program so called European
Battery Alliance has been trying to actually support the battery production within the
European borders in order to better respond to the increasing investments borne by Eu-
ropean car manufactures in the electric arena [12].



As a matter of fact, the cells that are the most relevant component in a battery pack,
accounting for the 70% of the cost of a battery and up to the 40% of the cost of an EV
are dominated by East-Asian companies with a European market share lower than 4%
[13]. As a consequence, car manufacturers are called to carefully manage their SC, by
precisely identifying the main critical stages, considering that the number of EVs pro-
duced in Europe is expected to increase up to more than 4 million by 2025 [14]. Thus,
the perspective of European car manufacturers practitioners becomes particularly inter-
esting to capture the most important challenges that this industry is facing in these un-
certain periods.

To this end, the results of a questionnaire survey administrated to professionals
working in the European automotive industry are here presented to understand the most
critical stages of the battery SC in the European car industry. The paper is structured as
follows: First an overview of the most relevant literature focused on the critical issues
of the EV's markets and the related SC stages is shown. After that, the adopted method-
ology is described and the results presented. Finally, discussions and conclusions are
traced.

2 Literature Review

Web of Science database was chosen to locate research works related to battery supply
chain, especially in the automotive sector. The rationale for this choice is that this da-
tabase is the oldest, global and multidisciplinary database that have the highest score in
the visibility index global and is one of the world leaders in peer-reviewed journal rank-
ing and evaluation.

To identify the trends, the database was asked to search for the following equation
in title, abstract, and keywords: (battery/batteries) and (supply chain) from 1975 until
2022. The 879 results include 625 articles, 79 review articles, 179 proceeding papers,
25 early access, 7 editorial materials, 9 book chapters and 2 corrections. Within these
results, we search for papers dealing with (vehicle) in title, abstract, and keywords to
focus on the automotive sector, with the query (TS=(supply chain)) AND
(TS=(batter*)) AND (TS=(vehicle)), and obtained a total of 343 results. We have pre-
ferred the word “vehicle” instead of “automotive” because more results were obtained
(343 versus 57).

As we can see from the distribution of papers over the years on Fig. 1., even if the
first paper dates from 1995, researcher’s interest really began in 2018, and in 2020 when
we focus on automotive sector.

The literature shows many challenges, as the need to cope with the chip shortage and
the scarcity of resources, the increasing transportation cost of EVB (electric vehicle
battery) as those batteries are now registered as dangerous, the ensuring social welfare
as the EVB market expands, and also a major environmental issue in every stage of the
supply chain. Without embarking on a systematic analysis of the literature, we have
sought to identify the issues associated with the main stages of the supply chain: pro-
curement, production and use (including storage, and transport), and finally recycling
in the broadest sense.
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Fig. 1: Paper distribution in Web of Science database

It has come to light that the procurement of battery raw materials face several issues,
due to the availability of the resources (lithium, cobalt, aluminum, copper...) and the
extraction process. Indeed, the supply of copper and aluminum is the one emitting the
most greenhouse gas, especially during the manufacturing of the cathode and anode.
The battery market accounts for 22% of the lithium exploitation [15]. These above-
mentioned aspects related to both economic importance and supply risk demonstrate
the reason why these materials are critical for European companies [16]. [17] investi-
gate the effects of key parameters on the equilibrium capacity allocation decisions and
manufacturers' profits; they also show that to maximize social welfare, the upstream
EV manufacturer should not supply batteries to its competitor if the procurement cost
from the external supplier is low, which is contrary to the case of profit maximization.
Some studies have compared make-or-buy strategies, such as Rafele et al. [8]; the au-
thors draw a parallel between the purchase of complete batteries that implies the highest
costs and CO2 emissions; on the contrary, buying single components helps improving
these aspects, but it requires a certain level of vertical integration by the car manufac-
turer together with specific know how.

Moreover, it is shown that the production stage of electric vehicles has the biggest
environmental impact due to the battery production. Already in 2012, [18] develop a
lithium supply chain model that provides a framework with which to investigate the
technical, geopolitical, and economic factors that impact the supply of lithium through
different life cycle stages. The assessment of batteries' supply chain is also going to be
integrated in low impact vehicles, focusing on location of the associated warehouse [3].
In the use stage, we can see the advantages that electric vehicles have compared to
internal combustion engine vehicles, but we must keep in mind that the whole product
lifecycle must be considered and thus the impact of the battery production must be



reduced. In addition, it is important to underline that Europe accounts for only the 3%
of global production of battery at an international level. This is a crucial aspect consid-
ering that a relevant number of electric and hybrid vehicle are sold in Europe [19].
Therefore, heavy investments are carrying out not only for supporting the production
but also to implement reuse and remanufacturing processes, in order to reduce the Eu-
ropean dependence from far-Eastern industries [20]. However, it is worth noticing that
due to safety and performance reasons, battery should be stored and moved in ware-
houses and trucks with the control on humidity and temperature [21], with consequent
negative impact on cost and on the environment. A recent study show that the condi-
tions of the electric vehicle manufacturer’s product choice strategy depend on two
thresholds related to the production cost of batteries, the manufacturing and assembly
cost of EVs, the government subsidy and the range anxiety, while the conditions are
independent of the EV manufacturer's market position and battery outsourcing decision
[22].

In addition, the issue of recycling is very recurrent. Indeed, for instance in China,
Zhao et al. [23] developed pricing strategies and emphasized the fact that the increase
of government subsidies is correlated with the development of EVB recycling. Many
authors developed studies regarding the EVB life cycle and it is clear that the battery
lifetime must be extended as much as possible. According to the EU Battery Directive,
the recycling of battery is expected to increase to 65% by 2025 [24]. Re-using batteries
for other purposes could also restrict the waste as much as possible, as explained by
Picatoste et al. [25]. The re-used batteries could have new lives as fast charging stations
or even back-up power supplies. However, it would be important to assess the risk [26].
There are different recycling strategies, but centralized recycling facilities (with high
capacity) offer great advantages. Using secondary materials (including scrap and resid-
uals from production processes) could also be beneficial [27].

Overall, an effective framework to control the battery supply chain is required, to
get a reliable circular or closed loop EVB supply chain [28]; [29]; [30]. Some authors
review the external policy drivers and barriers for CE strategies for lithium-ion batteries
and discusses how policy can be further developed. The results from [20] demonstrate
that many manufacturers are pursuing CE strategies, mostly focused on repair, refur-
bishing, and repurposing. [28] studies a three-period electric vehicle battery recycle and
reuse closed-loop supply chain consisting of a battery manufacturer and a remanufac-
turer; their result suggests that, comparing with new battery manufacturing, battery re-
cycling and reusing would contribute to reduce raw material consumption hence reduce
environmental impact, but may not gain financial benefits. Using game-theoretic mod-
els, [29] analyze process innovation strategies for green product remanufacturing in a
closed-loop supply chain consisting of an upstream supplier and a downstream manu-
facturer; they conclude that (1) process innovation can effectively improve remanufac-
turing performance while increasing the recovery rate of the manufacturer, (2) although
the cooperative mechanism is always beneficial to the supplier, the supply chain and
the environment, it may not be favorable by the manufacturer; they also show that gov-
ernment subsidies can incentivize the manufacturer to adopt the cooperative mecha-
nism, thereby achieving a win—win situation. [30] highlight the need for effective policy
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frameworks to foster a circular EV battery value chain. A life cycle sustainability as-
sessment as well as a Product Sustainability Budget could also be useful tools [31].

3 Methodology

The research was carried out according to the following steps.

e Questionnaire Construction: based on the literature review outcomes, a question-
naire survey was designed so that to seek information and insights from profession-
als working the automotive industry with regard to the main challenges that the au-
tomotive SC is called to face in dealing with the battery for new electric vehicles.
Before its administration, a pre-test was conducted with the aim of highlighting crit-
icalities associated with the ambiguity and redundancy of questions, consistency,
and typos. After that, the survey was ready to be submitted.

e Sample identification: the initial survey sample was made of 80 potential respond-
ents. In particular, they have been identified via a research on LinkedIn. The research
was carried out by looking for professionals working on the European Automotive
sector. Once the identified profile was selected, he/she was contacted and in turn
invited to take part to the study, by sending him the cover letter and the link to the
questionnaire.

e Survey administration: the survey was developed by means of Google Forms and
then sent by e-mail to the potential previously identified respondents. Specifically,
they received a mail, with a cover letter aimed a presenting the objective of the re-
search, with the related link to the questionnaire and entered their answers in the
Google Form system that saved them accordingly. Finally, the obtained responses
were downloaded and coherently organized in an excel file so that to have a dataset
suitable to the analysis. The administration period extended over a couple of months
according to two different waves, in 2022 in November and December. The first one
was the initial invitation to take part to the research, and the second one was the
reminder. This last one was conducted, to increase the response rate.

The administrated survey was composed of two main sections. The first part asked
for demographic aspects of the respondent. In particular, the age, the nationality, the
educational level, and the years of working experience were investigated. In the second
part, respondents were asked to rate the importance of a set of proposed issues about
the management of the battery SC in the automotive industry. For all statements, a Lik-
ert scale scoring system was used, where 1= Not important; 2= Moderately important;
3= Important, 4 = Very important; 5= Extremely important. This scale is largely used
in carrying out survey research for assessing questionnaire answers [32].

The first set of questions was focused on assessing the level of criticality of every
stage of the battery supply chain. Specifically, the extraction and the procurement that
are becoming very important in maintaining stable the SC due to the growing demand
of the scarce raw materials [33]. The production, the transportation and the storage were
investigated. The recycling was considered too, since it is one of the topmost challenges
in the battery SC [34]. The focus was on these aspects as, according to previously



discussed in the Literature Review section, they represent the most relevant stages in
the battery SC. In fact, the assessment of this SC is crucial to understand the main crit-
icalities that companies are going to face as soon as the market share of EVBs increases
[35]. Also, the battery cost was taken into account, considering that is a relevant driver
for an EVB [36]. This is still an open question. On the hand it could be expected a
decrease on cost thanks to the increased capabilities of companies and thanks to the
more exploitable economies of scale related to the higher production volumes. On the
other hand, some studies indicate that the cost of raw material is expected to increase
further [37]. These issues, highlight that there is the necessity of investigating the chal-
lenges in EV battery supply chain according to the opinion of experts [1].

Once the responses were collected, the obtained data were ready to be analyzed. In
particular, the questions based on a 1-5 Likert Scale were semi-quantitatively analyzed,
and the open questions related to the solutions of the critical aspects of the battery SC
very carefully analyzed in order to gain meaningful insights.

4 Results

The questionnaire achieved 31 responses, with a final response rate equal to about 37%.
The results related to the demographic questions are presented in Table 1.

Table 1. Demographics

Less than 35 51,61%
35-44 19,35%
Age

44-64 22,58%
More than 65 3,23%
High School 6,45%
Level of Education University (Bachelor & Master) 70,97%
Ph.D 19,35%
Less than 5 years 38,71%
. Between 5 and 10 years 16,13%

Years of Experience
Between 10 and 20 years 19,35%
More than 20 years 22,58%

More than 50% of the respondents are less than 35 years old, and only one is more than
65, meaning that especially young professionals decided to take part to the study. This
result is coherent with the years of experience. As a matter of fact, 38% of the respond-
ents had less than 5 years of working experience. 22.5% of them had been working for
more than 20 years. Finally, by observing the level of education almost 70% of the
respondents had a university degree, 20% of professionals got a Ph.D. and only 6.5%
had a high school diploma. This result shows that in the field under study higher levels
of education can be observed, and high skill professionals proved to be willing to take
part to this study.



Table 2 shows the results of the administrated survey. Respondents almost fully
agree on considering the battery as the principal cost driver in manufacturing an electric
vehicle. This demonstrates that this battery should be deeply studied in the future in
order to reduce its cost. Similarly, more than 80% of the respondent see the procure-
ment a critical stage in the battery supply chain. Specifically, 74% strongly agree on
viewing this SC stage as a critical one. This is coherent with the study developed by the
European Union about the identification of critical raw materials for strategic sectors
and technologies. In particular, it lists lithium, cobalt and graphite as largely needed in
battery as critical ones [38]. As a consequence, there is a relevant level of procurement
risk in the light that Chinese companies are the main supplier of anode material (graph-
ite) and lithium-cobalt oxide cathode material [39]. By observing the production stage,
about 50% strongly agree on its criticality, and about 20% of the respondents are neutral
respect to this SC stage. This result might couch on an increasing strategy based on the
internal manufacturing process for battery implemented by car manufacturers [40]. As
a matter of fact, for batteries more and more companies are trying to pursue a make-
strategy instead of a buy-strategy in order to lowering the cost, and internally develop
and keep specific competences that will be more and more required in the future. Stor-
age and transport stages are both considered less critical compared with the previous
ones. This result is not aligned with the literature outcomes that underlines a certain
level of criticality for these stages of the SC. A possible reason could be that companies
have already established effective and efficient strategies for the inventory management
and for the transport of their products and batteries, thus they are more easily able to
deal with battery in these SC stages. Finally, more that 61% of the respondent strongly
agree and almost 20% of them agree about the criticality of the recycling. In fact, the
recycling of the battery is not a well-established process, and a lot of research has been
undertaken in the field. Nowadays it often requires high quantity of reagents, high quan-
tity of energy for separating rare and precious materials [41]. Therefore, it is still a huge
challenge for car companies to efficiently manage this process.

Table 2. Survey Outcomes
1 strongly disagree - 5 strongly agree

Item
1 2 3 4 5

Battery as crucial cost driver

for EVBs 0,00% 9,68% 1290% | 22,58% | 54,84%

Towhat Procurement | 0,00% | 645% | 645% | 12,90% | 74,19%

0 what ex- A
tend these Production 0,00% | 323% | 19,35% | 2581% | 51,61%
stages can be Storage 3,23% 22,58% 38,71% 12,90% 22,58%
tf;t'tté‘;";‘/' g(‘: Transport 9,68% | 12,90% | 22,58% | 22,58% | 32,26%
Recycling 0,00% | 0,00% | 19,35% | 19,35% | 61,29%

The extraction of raw mate-
rial in Europe can support 0,00% 0,00% 12,90% 22,58% 64,52%
battery SC

Finally, respondents were asked to express their level of agreement with the potential
support of extracting raw material in Europe. The obtained result is coherent with the



opinion related to the procurement stage. There is a high level on agreement about the
opportunity of having raw materials in Europe. The shared perspective is that this raw
material proximity could become a lever to relieve the dependency from Far East com-
panies and in turn to simplify the level of complexity of battery SC with positive effect
for European car manufacturers and for their customers [42].

In the last part of the survey respondent could mention some relevant solutions and
issues that should be undertaken in order to more effectively face the investigated chal-
lenges in the battery SC in Europe. The results show that four different areas of interest
can be identified.

First, European Community should financially support applied research in the field
so that to make more autonomous the local automotive sector: “Searching alternative
solutions (Hydrogen) ”. In fact, the Hydrogen is a quite promising solutions in the next
years for powering electric vehicles, and it is expected that it could be more largely
adopted from mid 2030s [43]: “Massive investments from governments and EU”. The
European Commission already heavily support the EV market for the consumers’ per-
spective and funds a lot of research projects aimed at developing innovative technolog-
ical solutions in the field under study [44]. In addition, policy makers are called to sim-
plify the administrative paperwork for the process of extracting raw materials: “Make
mining licenses less bureaucratic”; “‘faster permitting ”. Actually, it is worth underling
that especially licensing processes require the acquisition of a large amount of data that
need to be deeply analyzed in order to accurately evaluate the potential negative envi-
ronmental impacts [45]. However, policy makers should always pay attention to social
aspects associated with mining activities: “mining in human conditions”; “Develop
fair and sustainable extraction of these raw materials”. Finally, the fourth aspect refers
to the circular economy and to recycling processes: “Battery technology with less rare
materials ’; “Increase local procurement and production”; “To assemble in house”;
Circular business cycles, battery degradation reuse, research on how to recycle the
batteries”. These issues have been gained growing attention from research, industries,
and policymakers [46] since they are considered practices that can foster the reduction
of the environmental effects and at the same time the maximization of the resource
efficiency [47].

These results show a high level of complexity associated with the SC for the batter-
ies, especially in relationship with the procurement and the recycling stages. This com-
plexity is quite difficult to be managed and it requires the involvement of a plethora of
stakeholders as the respondents have underlined in the proposed questionnaire. In par-
ticular, the procurement can be made less critical via active programs implemented by
the public policy maker that might support this process with easier administrative pa-
perwork. On the contrary, research activities aimed at developing innovative technolo-
gies for both recycling and reusing should be carried out by automotive companies,
together with universities and research centers that are increasingly interested in these
topics. Another important aspect might be referred to the fact that the SC under study
is not completely well established yet. Specifically, the battery SC is expected to have
more companies operating in this industry, at different levels of the SC with a market
less concentrated in the Far-East area.
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5 Conclusion and perspectives

This paper is aimed at investigating the main stages of the battery supply chain in the
electrical vehicle arena. To this end, a survey questionnaire was developed and admin-
istrated to an identified sample of experts. In particular, the objective is to capture the
perception of professionals working in the European car industry about the level of
criticality associated with the main stages of the SC at an issue. The results highlight a
general relevant level of criticality and concern about the managing the SC in particular
considering the procurement, the production and the recycling processes. On the con-
trary, transport and storage are viewed as less critical. In addition, it is worth mention-
ing the cost, still seen as a critical driver for electric vehicle. These results might also
depend on the high volatility of market price for specific materials (e.g. lithium and
cobalt) [23].

The proposed study can be considered as a support for car manufacturers for priori-
tizing their strategic actions to be aligned with the challenges in the battery SC. How-
ever, this support should be implemented in a systemic way, considering all the stages
of the SC from the extraction of the raw materials to the final reuse of recycle of the
batteries. In this sense, policy makers should include the critical SC aspects in designing
their policies in order to support European car industry that is exposed to high level of
uncertainties. In particular, attention needs to be given to applied research focused on
exploring alternative materials to the lithium so that to reduce the European dependency
from other continents.

Furthermore, it is crucial to have closer suppliers for rare, critical, and costly mate-
rials. This would make the SC more flexible, resilient, and efficient. In fact, several
mining companies are emerging in Europe aiming at directly providing raw lithium to
European car manufactures [48]. These companies should be effectively supported by
European public authorities, not only from a financial perspective, but also in terms of
leaner bureaucratic and administrative paperwork. In this way, the production of battery
in Europe will be also able to create a relevant number of jobs. Specifically, European
car manufacturers are expected to shift from a buy strategy, where batteries are pur-
chased as finished product to a make one, in which industries develop vertical integra-
tion that allows to gain autonomy, to limit risks, and to increase the capability of human
resources employed in these sectors. Consequently, the issue of dramatic job loss that
is expected due to environmental transition could be relieved. This transition should
consider both environmental and social impacts of the whole SC, such as the energy
required to produce cells, the often-unregulated working condition, and the material
extraction stage [49]. Finally, as a final crucial point to make easier the adoption of
EVBs, policy makers are called to develop broad charging grids for effectively boost
the market.

This paper originates both theoretical and practical implications. From a theoretical
point of view, this study represents a contribution in the field of the study of the SC in
the automotive sector focusing on the management of the battery. This is a very im-
portant research field with an increasing number of contributions. Indeed, this paper
highlights the need to accurately design this SC, in the light of the massive transfor-
mation that this industry is facing, especially in Europe. Thus, it might stimulate further
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studies focusing on the most critical stages of the SC and on the alternative business
models here highlighted.

From a practical perspective, the proposed research might increase the awareness
about the criticality of the SC of the batteries in the electric transition of mobility. Thus,
it can facilitate policy makers in more accurately design the policy related to the support
to automotive industry that might be implemented at the different levels of the SC, and
by using different drivers (legal, administrative, fiscal, economic). In addition, this pa-
per might support car manufacturers in the design of a more reliable and less risky SC
for the battery that is the most important component and highest cost element for an
electric vehicle.

However, this paper suffers from some limitations. In particular, the survey items
related to the literature review, considers the SC stage in a very general way, without
entering more in detail in the main activities associated with every step. In addition, the
sample size was limited to some car manufacturers professionals. Future studies will
be addressed to more deeply investigate the processes related to the here considered SC
stages, and to enlarge the sample size by including more respondents, and other profes-
sionals operating in companies producing batteries and battery’s components. Moreo-
ver, other stakeholders will be included, such as public policy makers that in this indus-
trial field have been played a crucial role.
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