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Abstract: Electric vehicle (EV) penetration has been increasing globally and is expected to continue
its exponential growth over the coming decades. Several countries have already announced plans to
achieve total or partial electrification of their vehicle fleets. Such rapid transportation electrification
will have a significant impact on society and businesses that support the transportation industry.
Additionally, new business opportunities will be available to support this technological evolution. In
this paper, the business opportunities emerging from EVs and their supporting infrastructure are
reviewed. It has been observed that several businesses, such as sustainable mining and manufactur-
ing, will need to be developed before EV growth as they provide the initial platform required for EV
adoption. Other businesses such as fleet optimization, battery management, and recycling can be
developed at a later stage. All of these businesses will also have social and technological impacts,
which will drive policy decisions. Regional governments play a critical role in ensuring the smooth
execution of a transition to transportation electrification through social programs, such as training
and education for equitable growth, and legislative decisions, such as technology standardization.
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1. Introduction

Electric vehicles (EVs) were invented over a century ago but have only gained
widespread popularity in the last decade [1]. Most car manufacturers have either launched
or announced their lines of EVs, including cars, SUVs, and trucks [2–4]. Some companies
have announced that they will only manufacture electric cars in the future (Tesla is cur-
rently the only large manufacturer of electric-only vehicles), while most have committed to
dedicating a significant portion of their fleet to electric or hybrid vehicles.

Several factors, such as climate change, emissions reduction, growth of renewable
energy resources, volatile oil prices, reducing battery costs, and governmental policies [5–7],
have contributed to this shift among vehicle manufacturers. Most of these factors are
interdependent, and, collectively, they help reduce the impact of climate change. Several
researchers have been studying the details of electric vehicle technology so that their overall
efficiency and performance can be improved. Hannan et al. reviewed the various aspects
of hybrid electric vehicles [8], Du and Ouyang studied policy impact on the growth of the
Chinese EV market [9], while De Santis et al. simulated the effect of using a back-to-back
dual-motor mounting on powertrain efficiency [10]. In a more recent paper by Li et al., the
powertrain efficiency of different configurations and resource types was compared [11].
Several other researchers have focused on the environmental impact of EV adoption as
well as improvements in technology [12–15].

The growth of EVs will, however, not only positively impact environmental sustain-
ability but will also have a significant impact on transportation businesses [9]. Many
researchers have focused on the business and incentive models that will increase the rate
of EV adoption in the community. Benzidia et al. focused on the buyer’s perspectives that
impact the adoption of hybrid and battery electric vehicles [16]. Jones et al. studied the
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impact of EVs on the transport strategies of rural businesses that look for vehicle electri-
fication [17]. Other researchers have also evaluated consumer behavior and preferences
associated with ownership and lease structures, demographic diversity, and other factors
that impact EV penetration [7,18,19]. However, not many researchers have focused on
the business opportunities that entrepreneurs and established companies can create and
develop through the accelerated growth of EVs. Many businesses will directly impact the
growth of EVs, while many others will be impacted by the growth of EVs. Businesses, such
as car manufacturers and charging infrastructure providers, will need to make technologi-
cal and business model innovations ahead of EV growth, while some businesses such as
battery recycling will experience growth following the widespread adoption of EVs. These
businesses can be termed as “leading” and “lagging” businesses, respectively, based on the
differences in their development cycle from that of EVs.

In this paper, a holistic view of the business opportunities enabled by electric vehicles
and their socioeconomic effects on local and global communities is given. The lifecycle
of an EV is reviewed, and the business models are classified based on which step of the
lifecycle of EVs they contribute to. Finally, the social, technological, and policy impacts
of these business models are discussed. The conclusions made in this paper can be use-
ful for identifying new research opportunities that will have a business impact due to
the EV revolution.

2. Current and Future EV Market Penetration

Electric vehicle (EV) penetration has been growing slowly but steadily across the globe,
and EVs are expected to claim a substantial percentage of all consumer vehicles by 2030 [20].
Currently, EVs constitute ~1% of all light-duty consumer vehicles, while constituting >2.5%
of all sales in 2019 [21,22]. Norway is the only country to have reached >50% EV penetration,
followed by Iceland at ~22%, and the Netherlands at ~15%. China and the US, on the other
hand, have achieved ~5% and ~2% penetration, respectively [22]. Most other countries in
the developing economies have either had much lower EV penetration so far or lack the
availability of reliable data. For example, most three-wheelers in many Indian cities have
started using lead-acid batteries instead of oil for operation, but as they are not typical
four-wheel vehicles, their data is not available publicly.

Even though the adoption rates observed so far seem low, the last few years have seen
exponential growth in EV adoption. Such exponential trends are expected to continue in the
future. Various countries have set up aggressive targets for EV adoption, and suppliers are
racing to meet market demands. Table 1. shows some of the countries and their announced
targets as of 2019.

Table 1. Electric vehicle targets set by various countries [23].

Country Target on New Sales Target Year

Canada 100% EVs 2040 [24]
China 25% EVs 2025 [25]
France No fossil fuel vehicles 2035 [26]

Germany 100% EVs 2050 [27]
India 30% EVs 2030 [28]
Japan 23–33% EVs 2030 [29]

Netherland 100% EVs 2030 [30]
Portugal No ICE vehicles 2040 [31]

Singapore No ICE vehicles 2040 [32]
South Korea 33% EVs 2030 [33]

Spain 100% EVs 2040 [34]
Sweden No gasoline or diesel vehicles 2030 [35]

UK No petrol, diesel, or hybrid vehicles 2035 [36]

These are ambitious targets for some countries; many of them will need to show
expansive growth over the coming years to meet them. Since most of the countries do



Clean Technol. 2021, 3 83

not have interim annual targets, it is difficult to assess whether or not they are on track to
meet these targets. For example, India’s ambition of 30% EV cars by 2030 is equivalent
to 102 million vehicles. However, as of March 2020, only half a million electric vehicles
were registered [37]. Canada, on the other hand, has interim targets, but the progress
made through the third quarter of 2020 shows that they will most likely miss those targets
without any additional measures. These examples show that there is a mismatch between
the vision and the current status of EV market share in several countries; these countries
will need to deploy aggressive incentives or other promotional campaigns to achieve their
goals. Despite these challenges, countries have been working on the path of increasing
transportation electrification, and as they make progress towards their targets, businesses
that rely on the current state of the transportation sector will need to adapt to the changing
technology. Additionally, some new businesses will emerge as necessary, while some of the
current businesses may experience shrinkage in revenue. The next sections describe various
stages of the lifecycle of an EV and the associated business development opportunities.

3. Lifecycle of an EV

A typical lifecycle for a product consists of three phases—production, use, and end of
life. Several upstream and downstream processes enable this product lifecycle. A cradle-to-
grave assessment of electric vehicles would also include these stages, in addition to any
upstream or downstream impacts. Figure 1 describes the overall value chain of an electric
vehicle. The process takes energy and material inputs and results in emissions to air, water,
and land.
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The process starts with mining or reclaiming recyclable raw materials. A typical car
requires almost 50 different types of metals for production, including several rare earth
metals, which are typically nonrecyclable [38]. Electric vehicles require an increased need
for such rare earth metals, several of which, such as cobalt, gallium, indium, and magne-
sium, are considered critical due to their potential supply risk problems [39]. Currently,
most of these metals are not recycled because mining them is cheaper than recycling them
from old vehicles [38].

In the production phase, one of the key differences between the lifecycle of electric
vehicles and internal combustion engine vehicles is battery manufacturing [40]. The
lifecycle impact of battery manufacturing depends on aspects such as battery size and
life [41], which are determined by customer requirements and design decisions such as
battery chemistry and the type of solvent used in the battery [42,43]. Another aspect
that should be included in the production phase is the manufacturing and installation
of ancillary products that are needed for operating electric vehicles. Battery charging
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systems are one of the most important products that will be needed with increased electric
vehicle penetration. These products will result in additional emissions but will also offset
emissions due to mining and transporting fuel for internal combustion engine vehicles.

In the use and maintenance phase of electric vehicles, the efficiency and energy
mix of the electricity generation system is the most important factor for determining
the environmental impact [44]. This stage of the electric vehicle lifecycle has significant
societal impacts and has the potential to disrupt the local economy. The first thing that
gets impacted in this stage is the need for fuel. While electric vehicles will need electricity
to operate, the electricity can be generated at a power plant or on someone’s off-grid
rooftop, thus eliminating the need for going to gas stations. Second, electric vehicles need
less maintenance and may impact the local automobile repair industry. These vehicles
require technicians to develop a different skillset, and their spare parts requirements are
significantly different from those needed for internal combustion vehicles [45]. This, in
turn, would require local companies to adapt their manufacturing lines and educational
institutes to update their curriculum. Third, as the battery is one of the most expensive
pieces of an electric vehicle, understanding its behavior, increasing its life, managing its
degradation, and maximizing the vehicle range will become important [46–48].

In the end-of-life stage, while most of the components of the electric vehicle can follow
the same path as defined for ICE vehicles, current end-of-life management practices for
batteries compromise the benefit of EV adoption [46]. Additionally, a greater emphasis will
be needed on recycling and reusing the materials involved in electric vehicle manufacturing
so that the need for raw material mining is minimized.

Existing literature on the lifecycle analysis of electric vehicles shows [41,49–52] that
the tailpipe emission elimination by electric vehicles is replaced by increased emissions
during the vehicle production phase and by electricity generation during production, use,
and end-of-life phases.

Various stages in electric vehicle production, use, and end-of-life phases are shown in
Figure 2. Although the process is energy-intensive, end-of-life recycling of electric vehicles
can result in the recovery of some materials that can be reused [53–55] in electric vehicles.
With the volume of batteries being recycled expected to increase in the future [46,56],
reducing energy consumption during battery recycling will help in making electric vehicles
more sustainable. Adopting a battery recycling process that increases the yield of rare
earth minerals (e.g., cobalt) will also help in increasing the long-term availability of these
minerals [57]. Another approach to reducing battery lifecycle impact is to optimize battery
degradation so that the distance traveled during its lifetime can be maximized [58].
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Emissions due to electricity generation can be reduced by using renewable energy
generation sources such as solar and wind instead of more carbon-intensive electricity
generation sources such as coal and natural gas.

Looking at the overall lifecycle, it can be concluded that depending on the electricity
generation mix during the manufacturing and use phases, electric vehicles do result in a
reduction of GHG emissions [59,60] but may cause an increase in the potential for human
toxicity, freshwater ecotoxicity, freshwater eutrophication, and metal depletion [44]. Transi-
tioning from internal combustion engine vehicles to electric vehicles will shift the points
of GHG emissions, resulting in improved air quality in populated regions where vehicles
are used and poorer air quality in regions where vehicle manufacturing and electricity
generation (or electricity generation equipment manufacturing) take place. Policies such as
switching to cleaner sources of electricity generation and following sustainable practices
during the manufacturing process should also help in managing this shift.

With a better understanding of the lifecycle of an electric vehicle, it is possible to
understand the business impact of the various stages of EVs. There will be some businesses
that will need to be developed first as they will impact the pace of EV growth, while there
will be other businesses whose development will follow the growth of EVs. The next two
sections describe some of the most significant businesses related to EVs.

4. Businesses That Lead

Many businesses and infrastructures need to be developed first in order to ensure that
EVs can grow at a fast pace as well. These are called “leading” businesses because their
growth will come before the growth of EVs.

4.1. Sustainable Mining

Almost all of the electric vehicles commercially available in the market today use
lithium-ion batteries [48]. Although Earth has huge reserves of lithium ore in the oceans
and seas, its concentration is so small that isolating lithium from other seawater mineral
salts is uneconomical [61]. Electric vehicles also require cobalt and several other rare
earth metals [38]. While the world has significant and known resources for lithium, cobalt
scarcity presents a greater concern for sustainability and long-term availability [62,63].
This presents significant technological challenges and emphasizes the need to focus on
the cost-effective recycling of cobalt. Additionally, an effort must be made to identify
alternatives for using cobalt in batteries to ensure sustainable EV growth.

The geographical location (Table 2) of these mineral deposits also present unique
challenges to local society and lifestyles as it disrupts the region’s traditional way of life
and increases the stress on local resources. For example, increased mining has not only
caused increased deforestation in the Congo but has also resulted in more violence on the
local population from the local warlords over the production and control of resources [64].
In Bolivia, where the Uyani salt flats have the largest lithium reserves on Earth, the
discovery has resulted in conflict between the federal government, local government, and
local residents, as the federal government has converted the region into a fiscal reserve
and assigned a government-controlled company to operate and mine the reserve, while
~59% of local residents lived in extreme poverty [65]. In the Atacama region of Chile, social
activism against lithium mining has increased in the last several years. Increased mining in
this region has adversely impacted water availability, the employment of local residents,
and tourism [66].
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Table 2. Active metals in lithium-ion battery cells [20].

Key Metals and Rare Earth Metals Required for EVs Location of World Reserve Comments

Lithium
Most of the world’s reserves are in salt lakes in
Chile, Bolivia, Argentina, and China; Finland,
Spain, and Austria have some reserves as well

Based on expected demand and the expected
increase in recycling, the world is expected
to have sufficient reserves of lithium

Cobalt

40–50% of the world’s reserves is in the
Democratic Republic of Congo (DRC); Australia,
Canada, Brazil, and China are other countries
with significant reserves; most of the DRC’s
cobalt is exported to China, which makes China
the world’s largest refined cobalt producer, with
~25–30% of the world’s supply; Finland is
Europe’s largest refiner and supply, with
~13–15% of the world’s supply

Without potential recycling, the world’s
known reserve of cobalt will be fully used by
2030 [63,67]

Manganese Major deposits are in Brazil, Ukraine, South
Africa, Gabon, and China

Demand for manganese is insignificant
compared to the Earth’s reserves

Nickel Australia, New Caledonia, and Brazil possess the
largest parts of the world’s reserves

Demand for nickel is insignificant compared
to the Earth’s reserves

Mining companies, battery manufacturers, and local governments will need to work
together to create a framework and an implementation plan to ensure that mining activity
does not adversely impact the lifestyle and standards of living of residents in these regions.

4.2. Battery Manufacturing

Most of the electric vehicles today use conventional Li-ion battery chemistry for energy
storage. With the increase in EV adoption, the required Li-ion battery production is slated
to grow 10-fold, from ~170 gigawatt-hours (GWh) per year in 2020 to ~1.7 terawatt-hours
(TWh) per year in 2030. Currently, EVs use batteries sized between 5 and 95 kWh, and their
single-charge driving range is capped at ~300 miles. The Li-ion batteries used in EVs are
made of hundreds of single Li-ion cells that are connected inside a module. A Li-ion battery
cell can be manufactured in prismatic, cylindrical, or pouch shapes [68]. Conventional
Li-ion cells retain their basic architecture, wherein they use a host material to reversibly
insert ions (Li+) within their matrix during charging and discharging. Conventional Li-
ion technology typically employs a (nickel manganese cobalt oxide) NMC/(nickel cobalt
aluminum oxide) NCA cathode, graphitic anode, and liquid electrolyte. The manufacturing
of a Li-ion battery pack is typically divided into two stages: (1) cell manufacturing and
(2) pack assembly. A Li-ion battery cell comprises an anode, a cathode, a separator, and
current collectors. Electrodes are processed by the solution-processing method by roll-to-
roll coating onto the current collectors. The coated electrodes are then dried extensively
to remove the solvent and pressed to achieve the required density of the electrode. These
electrodes are sandwiched with a polymer separator, cut to an appropriate size, and stacked
to achieve the desired capacity. Current tabs are then welded to the current collectors; then,
a liquid electrolyte is filled into the cell and sealed in a casing to make a single Li-ion cell.
All operations are typically carried out in dry rooms with a controlled atmosphere with
an absence of humidity. Subsequently, these cells are configured into the required pack
configurations. All the cells are expected to have the same state-of-charge (SOC) at all times
to achieve a uniform degradation rate and capacity over their lifetime [69]. This uniformity
is achieved by a cell voltage equalizer, which actively measures and equalizes the voltage
of each cell. Each battery pack is accompanied by a battery management system (BMS),
an electronic system that operates and protects the battery by monitoring and operating it
under safe conditions.

4.3. Charger Design and Installation

An extensive EV charging infrastructure is one of the key customer requirements for
increasing EV penetration. Limited infrastructure leads to range anxiety, which can deter
the decision to purchase an EV. Additionally, with EV manufacturers moving towards
bigger batteries, the charging rate becomes critical for long-distance driving.
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EV charging infrastructure is primarily classified based on the power at which it
charges an EV. Level 1 and Level 2 chargers utilize alternating-current-based charging,
where power is drawn from a regular power outlet used for other household electrical
appliances. Level 1 charging operates at 110 V and provides ~1.4 kW of power. Level
2 charging operates at 220–240 V and provides power in the range of 6.6–19.2 kW [70].
Level 3 chargers are based on direct current charging. Since the power input to the EV
can circumvent the onboard inverter, much higher power can be pushed into the battery
during Level 3 charging. The power range of Level 3 charging starts at 50 kW, and ongoing
work on the technology aims to increase its power output to ~350–400 kW [70].

EV charging connectors also vary across regions and EV manufacturers. The J1772
type charger is common in North America and Japan, whereas the Mennekes type charger
is common in European Union. For DC charging, CCS1 and CHAdeMO type charger
designs are used in North America and Japan, respectively. CCS2 is used in the European
Union for DC charging [71]. Several institutes are interested in increasing their EV fleet, but
the lack of a universal connector design is one of the reasons preventing them from entering
the market. The transition to a universal connector design has its pros and cons. With a
singular design, the end-user probability of finding a charging station increases, and this
will help reduce their range anxiety while traveling. While manufacturing standards for
charging infrastructure can be implemented and can help increase the life of the components
involved in the charging system, regulating charging connector designs with a singular
design may prevent innovation and discourage improvements. Hence, the industry will
have to adopt a suitable strategy that promotes innovation while simplifying the charging
experience for end consumers. Beyond conventional designs, developments in contactless
charging (inductive charging) also has the potential to eliminate the hassle of connecting
the charging cable to the car every time the car needs to be charged. This will also enable
car charging while on the road. [72]

4.4. Electricity Generation to Support EV Charging

As the penetration of EVs grows throughout the world, it will be critical to ensure
that the charging energy comes from renewable energy sources to reduce the emissions
caused by EVs [73]. Additionally, the appropriate transmission and distribution networks
will need to be in place to support the additional load on the electric grid. Increased EV
adoption has significant implications for utilities. Transportation demand has strong peaks
in the mornings and evenings on weekdays, with limited variation across modes. Power
demand also shows morning and evening peaks in most regions, while demand is lower
during the night and in the afternoon. Additionally, in warmer areas, the demand is high
during summer; in cold areas, the demand is high during winter. As both electricity and
grids operate below peak during the night, it makes sense to charge electric vehicles during
the night. If electric vehicles start getting charged during grid demand peaks (mornings
and evenings), the peak in the power draw will further increase, thus increasing the need
for additional generation capacity. Therefore, controlling the charge/discharge cycle of
electric vehicles is critical to avoid the economic and environmental effects of increased
peak loads. From a utility’s perspective, electric vehicles should be charged during the
night and not charging or discharging during morning and afternoon grid peaks.

4.5. Disposal and Recycling

Safe and environmentally sound disposal at the end of life of EVs will be critical
for their long-term growth. As sustainability goals achieved during operation have been
a major reason behind government promotions of EVs, the EV industry will also need
to ensure sustainable disposal and recycling of its equipment. Some of the technologies
that already exist for ICE vehicles can also be used for EVs, such as tire disposal and
vehicle-body recycling (Figure 2), while others will need to be developed.

EV recycling can be separated into three sections [53]:
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1. Battery recycling: This is a business that follows the growth of EVs. It is discussed in
the next section.

2. Vehicle recycling: EVs differ from ICE vehicles in terms of their structural design
as well, even though materials such as steel, aluminum, and plastic are common
to both types of vehicles [53]. For recycling these materials more efficiently and
cost-effectively, the entire transportation industry, including the EV industry, needs to
make appropriate investments.

3. Tire recycling: Similar to existing vehicles, EVs will need to ensure an appropriate tire
recycling path long before the vehicle reaches its end of life. Tires are currently recy-
cled as fuel, with concrete or asphalt, rubber compounds, or plastic composites [74].
Using the tires as toughening agents for thermoplastics and rubber products provide
a profitable and environmentally friendly option to recycle and reuse them. The EV
industry can take advantage of this existing value chain.

5. Businesses That Lag

The last section provided an overview of the businesses that will lead the development
of accelerated EV penetration. There will be several other businesses whose growth will lag
the growth of EVs and their development will follow the location and pace of EV growth.
These can be considered “lagging” businesses.

5.1. Vehicle to Grid Integration

Batteries in electric vehicles can outweigh stationary energy storage by many times [75].
With over 1200 GWh of available battery capacity in the cars, the load on the electric grid
can be severe if these EV batteries are considered load-only. However, the energy stored in
EVs can also support the electric grid as a flexible generation source. Vehicle to Grid (V2G)
or Vehicle to Home (V2H) integration can allow the bidirectional flow of energy between
the EV and the electric grid to perform grid functions such as demand response and peak
shifting and customer-sited functions such as demand charge management and backup
power supply.

Stand-alone batteries have been proven to be extremely valuable for grid stability
and reliability, renewable firming, and peak shifting. These benefits can also be obtained
by using the batteries in electric vehicles. Additionally, the mobility provided by electric
vehicles makes them even more suitable for applications that involve changing locations of
electric loads. Some of the applications and associated advantages are listed below:

• Social events: Events such as major games, political rallies, or concerts, which attract a
large number of attendees, usually require a lot of energy as well [76]. Many attendees
at these events bring their vehicles, which can also support the electricity needs of the
event. As EV penetration grows, the battery capacity available to support these events
at the event venue itself will also increase, and effective utilization of that battery
capacity to support the increased energy requirement will become critical.

• Disaster recovery: 2020 was one of the busiest hurricane seasons in history [77], which
left thousands of people without electricity for days. Most of these electrical outages
are caused by failed power lines that result in electricity not being delivered to the
users [78,79]. By using EVs in those situations, it will be possible to charge the battery
at a location that has access to electricity and then move the vehicle and the battery to a
location that needs power for an extended period of time. Disaster recovery planning
in Japan in the aftermath of the Fukushima disaster was a driving force behind the
faster commercialization of V2H in the country [80].

• Back-up power: V2H and V2G can also function as a backup power supply to homes
and commercial buildings in case of an electrical outage or grid emergency. As
mentioned previously, this technology has already been commercialized in Japan, and
other regions are following the trend through large-scale pilot projects [81].
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5.2. Fleet Optimization

As the number of EVs grows, the transition of several fleets of vehicles to being electric
will soon begin. Some examples of these fleets are school buses, local transportation,
golf carts, utility vehicle fleets, and delivery and postal service vehicles. As the number
of vehicles available at one location will be large, the impact on the electrical grid and
associated charging cost for the fleet manager will also be significant. Several researchers
have already published algorithms that can optimize the charging strategy of the fleet to
include charging cost and the distribution grid impact [82–84]. These strategic algorithms
also include the power balancing impact on the EV battery as well as state-of-charge
management.

Additionally, large fleets can also be used to provide Vehicle-to-Grid functionality and
operate similarly to a large-scale battery energy storage system. Pilot projects using EV
fleets for the V2G function suggest that a hierarchical control system can be successfully
used to participate in electricity markets and perform functions such as energy arbitrage
and frequency regulation [85,86]. As shown in Figure 3, optimizing the charge/discharge
dispatch profile for EV fleets can not only be beneficial for the user by providing lower-cost
electricity but it can also support the electric grid by reducing the peak load. The example
shown in the figure assumes an electric grid that has a peak load of ~1200 MW and a
vehicle fleet with a combined battery capacity of 120 MWh. Various electrical parameters
used for calculating the impact on the grid on a peak day are listed in Table 3. It is assumed
that the vehicles use 25% of their energy capacity for the daily driving needs of the user and
that a minimum of 25% energy must be maintained for any emergency needs. This leaves
50% of battery capacity available for use by the grid operator to support peak loads. As
the MWh available in single or multiple fleets grow even further, commercial deployment
of optimization algorithms by the grid operator or a third-party energy manager will be
observed at all locations.
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Table 3. Parameters used for calculating the impact on the grid.

Parameters Value

Average load 1000 MW
Peak load 1200 MW

Individual vehicle battery capacity 60 kWh
Number of vehicles 40,000

Vehicle capacity used for daily driving 25%
Minimum battery capacity needed by user 25%

Vehicle capacity available for grid 50%
Total battery capacity available for grid 120 MWh

5.3. Battery Recycling

Batteries used in a typical EV have a useful life till 80% of their initial capacity, after
which they cannot provide enough power for the vehicle’s acceleration and range [58].
Battery packs unfit for EV use can be either refurbished, reused, or recycled. Since many
stationary applications demand a lower current density, battery packs can be sorted and
reassembled for stationary usage [87]. If the battery pack cannot be refurbished or reused,
recycling the battery is important to reclaim battery materials and avoid accidents related to
battery disposal [88]. Since the current recycling processes rely on first-generation recovery
technologies, in which the different streams of raw materials are obtained by a physical
treatment and the metals are then extracted by a hydrometallurgical process (leaching
and extraction), battery recycling is one of the biggest opportunities that the EV industry
needs to resolve for sustained EV adoption [89]. Battery capacity available for recycling is
expected to increase by nearly 100 times in the next decade [90]. With such an increase in
recyclable lithium-ion batteries, it will be critical to have a robust recycling industry that
can reduce the need for raw material mining and refining and the associated emissions.
Even with the current technologies, such as pyrometallurgy and hydrometallurgy, it is
possible to achieve a net reduction in greenhouse gases by using recycled materials [53,90].

An important step for achieving high recycling rates is to, first, establish collection
systems that can collect used batteries at the end of their life. The current collection rates
for Li-ion batteries are less than 50% even in European countries with strong legislative
policies [91]. This is much lower compared to lead-acid batteries, where the recovery rate
is 99%. While lead-acid batteries have a simpler design, they also have an older and more
established collection infrastructure. Lithium-ion batteries can achieve similar rates as
they become more mature. Researchers have estimated that improved battery recycling
processes and infrastructure could supply between 30% to 90% of the total demand for
cobalt by 2050 [92] and 90% of lithium demand [93].

EVs should also focus on vehicle recycling by taking advantage of their unique design
to reuse certain portions of the vehicles before considering recycling. For example, EV
designs generally use different types of base and battery chassis that can be reused even if
the rest of the vehicle parts are recycled. Their powertrain system, motors, and electronics
can also be refurbished and reused. Business models around such refurbishments, reuse,
and recycling will emerge with the growing EV industry.

6. Social and Technological Impacts of the New Businesses

An increase in electric vehicle adoption will result in several changes, and govern-
ments will need to proactively prepare policies and infrastructure for a smooth transition
towards mobility electrification. This will require several societal changes, which involve a
change in mindset around EVs and technological changes that involve upgrading existing
infrastructure to support EV adoption.

a. Social implications

i. Prepare local communities for a transition to an EV-based economy: It has
been found that consumer characteristics such as education, income, level
of environmentalism, and love of technology impact the adoption of electric
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vehicles [94]. For this reason, it is important for governments to educate
citizens on the benefits of owning an electric vehicle. Research suggests that
more educated citizens, who are used to getting electricity from a renewable-
energy-inclined grid, are more likely to adopt electric vehicles [95]. Fossil fuel
favoritism makes people incorrectly believe that fossil fuel vehicles provide
more power and are more rugged compared to electric vehicles [96]. To
minimize misinformation about electric vehicles, governments should carry
out publicity campaigns that highlight the benefit of electric vehicles and
show how they can contribute to the betterment of society. Encouraging social
discussion around electric vehicles and promoting science-based propaganda
will also help promote EV adoption [97].

ii. Upskilling the workforce in the community by training them on the new
technology: Electric vehicle manufacturing and maintenance require skillsets
that are different from those of a traditional automobile mechanic. In Ghana,
owners of hybrid electric vehicles have highlighted spare parts unavailability
and the lack of skilled technicians to work on their cars as two of the key
challenges for hybrid electric car ownership [45]. Local garage shops face
great difficulty in hiring technicians skilled in maintaining electric vehicles,
which is a barrier to increasing electric vehicle adoption [96]. Given this
scenario, governments should focus on incorporating the skills needed for
electric vehicles in the curriculum of local universities and ensuring that
sufficiently skilled technicians are available in the market.

iii. Charging-infrastructure-related policy: Research has found that charging-fee-
related policies have a significant impact on EV adoption [97,98], as charging
fees can significantly influence the total cost of ownership and change the
consumer perception of electric vehicles. Therefore, governments interested
in increasing EV adoption should not only focus on charging infrastructure
but also create policies that simplify the use of charging infrastructure.

b. Technology implications

i. Engine manufacturing: As society transitions from internal combustion en-
gine vehicles to battery-based electric vehicles, demand for engine manu-
facturing will reduce and the demand for battery-related activities, such as
battery recycling and battery management services, will increase [99]. This
will result in job losses in the traditional manufacturing sector but will create
new jobs in other sectors. Given this scenario, governments should proac-
tively work towards upskilling the local workforce to adapt to this changing
situation and enable them to pick up new jobs when they become available
in the market. Mismanagement of this transition can result in the loss of
local jobs and has the potential to disrupt economies in the regions where
the economy is driven by combustion engine manufacturing companies. In
the short term, this will result in an increase in manufacturing cost, which
is one of the key barriers to the adoption of sustainable technologies [100].
Reducing such political and economic frictions, post-World War II, has been
identified as one of the key drivers for the drastic increase in technology
adoption in Japan [101].

ii. Infrastructure development: Charging concerns and supply chain segmen-
tation are barriers to electric vehicle adoption that require the development
of stronger infrastructure for electric vehicles [96]. Charging concerns can
be tackled by either providing a larger battery with the car or by developing
more closely placed fast-charging-enabled charging stations along key routes.
Several automobile manufacturers are currently focusing on increasing bat-
tery range. Typically, gas stations are placed at such locations; therefore,
replacing gas stations with charging stations or installing charging station
infrastructure at current gas station locations is one of the options that the
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local governments or the charging companies can pursue. Governments can
also help by funding battery-related research. Supply chain segmentation is
another issue that the government can help tackle by promoting the manufac-
turing of the spare parts that are required in electric vehicles. If the demand
for electric vehicle parts remains low, one of the options that can be explored
is setting up 3D manufacturing facilities [102] that can manufacture a part
on-demand. Processes and policies, including safety procedures, will need to
be developed for in-home and community charging infrastructures. The den-
sity of charging infrastructure affects the utilization of electric vehicles [103],
where a higher density of charging infrastructure makes it more likely for
consumers to adopt EVs.

iii. Develop standards for electric vehicles: One of the key challenges with
electric vehicles is the types of standards currently being used by each manu-
facturer [104]. To scale up EV adoption, governments will have to lead the
discussion with key stakeholders and work towards minimizing duplicative
infrastructure. For example, if charging plugs are not standardized, multiple
types of charging stations will have to be commissioned to serve the pop-
ulation and many places will install multiple types of charging stations to
cater to demand. This would result in a significant wastage of resources. The
government should also drive the discussion on establishing standards for
vehicle-to-grid integration and develop policies that enable consumers and
businesses to sell the electricity stored in the vehicles back to the grid when
needed [103]. This setup can also help during natural disasters and can be a
substitute for diesel generators [105] that are used in countries, such as India,
where power outages are more prevalent.

iv. Software development: Software development will also be extremely im-
portant for electric vehicles, as it is vital in the optimal performance of EVs.
The battery management system (BMS) is one of the most important pieces
of software–hardware systems to monitor performance and carry out the
battery’s real-time diagnostics. Additionally, several types of software will
need to be developed to provide services such as monitoring the EV range,
route planning, and energy consumption planning.

7. Conclusions

In this paper, business opportunities related to electric vehicles and their impacts have
been studied. The lifecycle review of an electric vehicle, performed in this paper, suggests
that there are many businesses that will need to be accelerated in order to influence the
growth of EV penetration, while there are others whose growth will trail the growth of EV
penetration. Based on the review of the literature as well as the industry, the following
conclusions can be made:

• The lifecycle of an EV can be separated into three parts: (1) upstream of production,
which includes fuel production and electricity generation, (2) production and use
phases, which include raw material mining, manufacturing, and maintenance through-
out the usable life of an EV, and (3) the final downstream process, which focuses on
recycling and waste management. Increasing EV adoption will result in more business
opportunities across all three stages.

• Some of the businesses that need to lead the growth of EVs include sustainable mining,
efficient manufacturing, charger design and installation, and clean energy generation
for EV charging.

• Businesses that will follow EV growth include vehicle-to-grid and vehicle-to-home
integration, fleet optimization, and battery recycling.

• Raw material mining for battery manufacturing and the manufacturing process itself
are the two most resource- and energy-intensive processes that are unique to electric
vehicles when compared to ICE vehicles. More research needs to be done to make the
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mining and manufacturing processes more sustainable and more efficient. Another
way to procure raw materials in a clean and efficient way is through recycling. Hence,
improving the recycling process to increase yield and reduce energy consumption is
important for increasing EV adoption.

• Mining, in particular, has a high social footprint that can lead to human rights viola-
tions and local disruptions. Research and development in a sustainable supply chain
will ensure the continued and sustainable growth of EVs.

• Widespread improvements in charging infrastructure, which comprises standardized
charger designs as well as a generation source providing the energy used for charging
the batteries, will result in increased charger utilization, reduced range anxiety, a
reduced environmental footprint, and the improvement of the perception of EVs
among consumers.

• Optimized use for batteries through grid integration and fleet management will
increase product life, reduce the lifetime environmental impact of EV batteries, and
support the electrical grid in peak management as well as disaster recovery.

• As most of these businesses do not exist for ICE vehicles and will be unique for EV
deployments only, they will cause some major sociotechnological impacts.

• Governments and policy-makers should proactively assess the potential challenges
associated with this transition and implement appropriate countermeasures. Invest-
ment in social awareness, training programs, and educational curriculums to focus on
the changing transportation electrification can be beneficial for governments as well
as society.
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Abbreviations

EV Electric Vehicle
ICE Internal Combustion Engine
SUV Sport Utility Vehicle
GHG Green House Gas
DRC Democratic Republic of Congo
kWh Kilowatt-hour
MWh Megawatt-hour
GWh Gigawatt-hour
TWh Terawatt-hour
NMC Nickel Manganese Cobalt Oxide
NCA Nickel Cobalt Aluminium Oxide
V2G Vehicle to Grid
V2H Vehicle to Home
BMS Battery Management System
SOC State of Charge
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