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FOREWORD 
Electric vehicles are gaining popularity the world over. They are becoming the preferred vehicle type 

by both consumers as well as governments, which has pushed the automotive manufacturers into EV 

development and technology innovation. Mass adoption of BEVs have been hailed as a significant 

driver bringing reductions in two of the most threatening issues facing developing countries: pollution 

levels and oil import bills. The economic potential of EVs is tremendous: holding other factors 

constant, a 1000 cc fuel (operating on petrol) car has an expense (fuel cost) of PKR 284,760 per annum, 

whereas a comparable EV has an associated charge cost of only PKR 30,240 per annum. However, 

electric vehicles in developing countries like Pakistan and India remain a niche offering. This study is a 

step towards exploring the BEV manufacturing potential in Pakistan and India. Contrary to popular 

belief, despite energy shortages, BEVs have the potential of gaining widespread adoption in Pakistan 

and India if adapted to the local context supported with right set of regulatory policies. 
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EXECUTIVE SUMMARY 
This report provides an assessment of the industry readiness for BEVs in Pakistan and India. The study 

begins with an exploration of the trends in BEV adoption and manufacturing around the world. It 

conducts case study analyses of three countries currently leading the global EV revolution: USA, China 

and Norway, and compares those best practices with the local context.  

By making use of two frameworks: firstly, through the value chain framework, the study gains a 

comprehensive overall picture of the industry and identifies the associated key players in the BEV 

value chain, and secondly, the Technology-Organization-Environment (TOE) framework is applied on 

key individual players identified through the value chain framework. The study utilized secondary 

literature review to understand the global best practices. For primary research, interviews and focus 

group discussions were held in Pakistan and India. Data was also gathered through questionnaires 

designed along the TOE lines, company documents, and government policies and reports. 

From a global perspective, it is observed that countries leading the BEV revolution have adopted multi-

pronged strategies to encourage EV manufacturers as well as consumers. Ranging from provision of 

research funding to imposition of regulations which directly and indirectly curtail the use of ICEVs, to 

offers of financial and non-financial incentive packages for purchase and production of EVs and related 

technologies, the strategies address both the demand and the supply side of the equation across the 

BEV value chain. This study analyses primary and secondary data to evaluate that if these practices 

can be replicated and sustained by SAARC member states, Pakistan and India, which have limited 

financial resources, technological capability and public awareness (regarding environmental concerns) 

as compared to the leading countries.  

The findings suggest that BEV industry in Pakistan is at a nascent stage and understandably below par 

compared with developed countries. OEMs are struggling to bring down the prices of their electric 

vehicles so they can compete with the ICE-vehicles. A component analysis of the EV cost structure 

shows that batteries make up about 50% of the total cost, along with determining the range and 

performance, thus making it the most crucial EV component. Most players require appropriate set of 

regulatory environment and significant technical collaborations with international organizations. 

Potential for the local industry exists in the value-driven segments of the battery value chain (e.g. 

battery pack manufacturing), where service addition and product variation can lead to a profitable 

business case for local assemblers. However, the cell manufacturing stage of battery value chain is 

characterized globally by cut-throat competition and is extremely cost-dominated, thus leaving little 

room for local players (who cannot compete with the lower-priced imported battery cells). Other BEV 

components such as electric motors, BMS, cables etc. can be locally manufactured over time. 

Additional issues influencing the manufacturing base are identified such as lack of charging 

infrastructure, lack of financial resources, high rates of tax and custom duties, and weak business 

models. The study concludes by making several recommendations on how to generate domestic 

demand for BEVs in Pakistan. Interesting enough, the study results from India point to the opposite. 

Generating demand for EVs is not an issue, as there is already sufficient demand present (being a huge 

market).  The issue in India pertains to scaling up the production capacity to meet the existing and the 

forecasted demand levels of BEVs. 
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1 Introduction  

1.1 Objectives and Scope of the study  
The purpose of this study is to assess the manufacturing readiness of two SAARC Member States (India 

and Pakistan) in BEV supply chain by surveying local supply industry stakeholders, collecting their 

feedback and suggestions for potential improvements, and making region-specific recommendations. 

To accomplish this, the study will develop a framework to assess the readiness of automotive industry 

in respect to BEV manufacturing.  Towards this end, a field study of automotive industry has been 

conducted through interviews, surveys, and focus group discussions with automotive manufacturers 

and assemblers and the manufacturers and assemblers of important BEV components including 

battery, electric motor, controller, cables, and associated hardware and software.  

The data is analysed and a comprehensive readiness status of the automotive industry as per the study 

framework is compiled. The study provides an assessment of the performance of competitively 

advantageous areas of indigenous automotive industry in BEV manufacturing domain. These findings 

are supplemented and compared with the global best practices using case study analyses of leading 

countries in BEV manufacturing and adoption.  Lastly, it will propose recommendations to assist 

indigenous automotive industry in member countries to develop strengths in BEV manufacturing, 

assembling, and related upstream and downstream businesses along with elaborating sustainable 

strategies and effective pathways to develop and expand the indigenous BEV related industry. 

Given the fact that most SAARC countries do not, at present, have significant local manufacturing base 

in BEV related business, assessing the indigenous capabilities and ground realities by engaging 

potential stakeholders, will serve to supplement future policy roadmaps to develop this industry 

domestically. As the study has assessed the current strengths and identified the crucial needs of the 

local industry to grow in BEV manufacturing, assembly and related businesses, it will serve as baseline 

information and guide for the relevant stakeholders of the stated SAARC Member States. 

1.2 Battery Electric Vehicles 

1.2.1 Electric Vehicles ς Types 
Hybrid Electric Vehicles (HEVs) are driven by an ICE along with an electric motor that utilizes the 

batteryΩǎ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ. Through the ICE and the regenerative braking, the vehicle battery is charged 

without needing to be plugged in to an electricity outlet. 

Plug-In Hybrid Electric Vehicles (PHEVs) can be connected to an electric power source to charge the 

battery as they are driven by both an ICE and an electric motor that makes use of the ōŀǘǘŜǊȅΩǎ ŜƴŜǊƎȅ. 

Some PHEVs can travel nearly 100 miles on electricity alone, and all can operate like a conventional 

hybrid, i.e. on gasoline only. 

Battery Electric Vehicles (BEVs) ς In a BEV (also called an all-electric vehicle), electric energy is stored 

in a battery. The battery powers the motor. The EV battery is charged connecting the vehicle with an 

electric power source (usually with a charging cable). BEVs are the focus of this study. Today, nearly 

all vehicles, Light Commercial Vehicles, cars, two/three wheelers, buses and trucks are available in 

battery electric type, besides the traditional ICE. 
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Figure 1 - Electric Vehicle Types 

Source: The Driven (2018) 

1.2.2 BEVs ς Global Adoption and Diffusion Trends 
Globally, electric mobility is expanding rapidly. In 2018, the worldwide electric car stock surpassed 5.1 

million units, increasing from 2 million in 2017. This represented an almost doubling of the new electric 

ŎŀǊ ǊŜƎƛǎǘǊŀǘƛƻƴǎΦ ¢ƘŜ tŜƻǇƭŜΩǎ wŜǇǳōƭƛŎ ƻŦ /Ƙina (from now ά/Ƙƛƴŀέύ ƳŀƛƴǘŀƛƴŜŘ ƛǘǎ Ǉƻǎƛǘƛƻƴ ŀǎ the 

ǿƻǊƭŘΩǎ leading electric car market (highest total stock), followed by Europe (second highest stock) 

and the United States (third highest). In terms of electric car market share, Norway is the global leader 

(since 2014), with 46% market share of electric cars. 

 

Figure 2 - Global Stock of Electric Cars (%Share) 

Source: Global EV Outlook, 2019 

сп҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŜƭŜŎǘǊƛŎ ŎŀǊ ŦƭŜŜǘ is composed of BEVs. Their adoption is being accelerated due to 

the adoption of global targets such as Vision 30 @ 30, whose signatories (China, Japan, Finland, France, 

Netherlands and Sweden) aim to reach 30% EV market share by 2030. 

Electric two-wheelers stock amounted to 260 million by the end of 2018 and that of the electric buses 

totalled 460,000 units. The level of electric vehicles in freight transport, touched 250 000 units in 2018. 

45%

24%

22%

9%

China Europe United States Rest of the World
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The stock of EVs was supported by 5.2 million light-duty vehicle (LDV) chargers (end-2018), (540 000 

of which are publicly accessible), accompanied by 157,000 fast chargers for buses. This represents a 

44% increase from 2017. Majority of this increase was attributable to private charging points, which 

accounted for over 90% of the 1.6 million installations in 2018. 58 TWh of electricity were consumed 

to fuel EVs on the road in 2018 (largely attributable to two/wheelers in China). These vehicles were 

responsible for emitting only 41 million tonnes of CO2 equivalent in 2018, thereby saving 36 million 

tonnes of CO2 equivalent when compared to comparable ICE- based fleet. 

1.2.2.1 Light Commercial Vehicles LCVs 

In 2018, approximately 80 000 electric LCVs were sold (mostly BEVs), predominantly in China (54 000 

units) and Europe (25000 units). On average, electric LCV sales growth rate was lower in 2018 (24%) 

as compared to 2017 (94%), although it was higher in Europe in 2018 (42%) than in 2017 (36%).  

 

Figure 3 - Global Electric Car Sales and Market Share 2013-18 

Source: Global EV Outlook, 2019 

1.2.2.2 Buses 

The global stock of E-buses saw an increase of 25% (or 100,000 units) in 2018 compared to 2017, 

reaching a total of roughly 460,000 units. China holds 99% of the global market for electric buses. Most 

activity in the electric bus market is being undertaken in China as Chinese OEMs are the largest players. 

Battery Electric Bus (BEB) is the most favoured technology choice as it accounts for 93% of new E-bus 

registrations.  

During 2018, electric buses witnessed dynamic developments as government action and increased 

interest in electrification of buses was globally more intense relative to previous years. Excluding 

China, about 900 E-buses were registered in 2018, primarily in Europe. Today, there are over 300 E-

buses in the United States1. 200 and 40 e-buses were introduced in Chile and Ecuador respectively for 

the first time in Latin America. A tender for e-bus procurement was also submitted in India under the 

 
1 Reuters, 2017 
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FAME scheme. In addition, various state governments in India have also introduced e-buses for mass 

transportation. 

Electric buses in North America are mainly supplied by the following three brands: BYD (China), New 

Flyer (Canada) and Proterra (United States). New Flyer and BYD have announced to increase 

investments in e-bus factories in the USA2. Daimler has invested in Proterra to jointly develop electric 

school buses3. In Europe and Latin America, Chinese (e.g. BYD and Yutong) and North American 

(Proterra and New Flyer) companies have been deploying e-buses. Trials have begun on some routes 

in Australia also, by companies such as Yutong and Zhongtong.4 

1.2.2.3 Two/Three Wheelers 

The electric two/three-wheeler stock, operating on road, surpassed 300 million units in 2018. The 

electric two-wheeler market is being led by China, followed by India and ASEAN5 countries. China had 

250 million units of electric two wheelers in 2018, over one-quarter of the global two-wheeler stock 

of almost 800 million units. Two thirds of these have a limited but sufficient performance giving a 

maximum of 20-25 km/h and covering almost 50 km on a single charge. These characteristics together 

make low-speed two-wheelers both economical (cost around USD 400) and well-suited for use in 

ŎƻƴƎŜǎǘŜŘ ŎƛǘƛŜǎΦ LƴŘƛŀΩǎ ǎǘƻŎƪ ƻŦ ŜƭŜŎǘǊƛŎ ǘƘǊŜŜ-wheelers is approximately 2.38 million and its annual 

sales reached 630 000 units in FY 2018-19. ASEAN countries registered a sale of 10 million electric two 

wheelers in 2018. In European cities these vehicles are mainly introduced by fleet operators of shared 

rental schemes. There are around 1500 units in Berlin (Germany), 1300 in Madrid (Spain) and 5600 in 

Paris (France). 

1.2.3 Revamping the Supply Chain: BEV Industry Insights 
The supply chains for Plug-in Electric Vehicles and conventional vehicles differ substantially (See Figure 

4). Therefore, mass deployment of BEVs will reconfigure the existing supply chains, and open up 

opportunities for battery and cell manufacturers, and their suppliers while reducing or altering the 

role of conventional component suppliers. Even though electric and ICE vehicles share some of the 

same component parts, there are several new systems, parts and components in PEVs (Plug-in Electric 

Vehicles including BEVs) that are incompatible with conventional vehicles. Examples of these new 

components are: electric power steering, new gear boxes, and water pumps for cooling the electric 

engine. Manufacturing of basic materials for batteries, cell components and battery packs will 

necessitate the supply chains to be revamped majorly. 

The opportunities for suppliers depend upon which companies and at which tier levels they are 

supplying. Incumbent automakers generally target to keep their costs low along supply chains so as to 

ensure the best end-value to their customers and thus negotiate accordingly. This implies that 

suppliers doing business with battery manufacturers and startup OEMs/entrepreneurial firms may be 

able to receive better profit margins. 

Globally, major automakers have already started or are planning to start BEV production. Incumbent 

automakers transitioning to EV manufacturing have an advantage over startups since they already 

have brand recognition, start-up capital, supply chain relationships, manufacturing scale, and 

customer service channels. However, even they must invest millions of dollars in retooling production 

 
2 CleanTechnica, 2018; Mass Transit, 2018 
3 Proterra, 2018 
4 Australasian Bus & Coach, 2019 
5 Association of Southeast Asian Nations includes: Brunei Darussalam, Cambodia, Indonesia, Lao Peopleôs 
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lines and ramping up production of EVs. This is where the government comes in by providing the 

much-needed stimulus in the shape of incentives and regulation to boost domestic manufacturing of 

batteries and EVs.  

Supply Chain of Conventional Vehicles 
   

 
Supply Chain of Electric Vehicles 

 

Figure 4 - Supply Chain - Conventional vs. Electric Vehicles 

A BEV industry supply chain provides several advantages and can replace or readapt conventional 

automotive supply chains. Some insights are given below: 

¶ The EV industry supply chain is comparatively horizontally structured (Figure 5). This implies 

that, compared with the rest of the automotive industry, BEVs use a smaller number of 

components and usually require less collaboration between vehicle manufacturers and 

component/part manufacturers. This means that parts manufacturers (Tier one and Tier two 

suppliers) can be less specialized and generic products can be supplied at various levels in the 

supply chain6.  

¶ Another implication of this relatively horizontal structure of EV supply chain is that there are 

lower barriers to entry for firms along the entire chain7. A region can leverage its own 

competitive advantages τexisting high-tech and clean-tech industries (skills are transferable 

from the traditional automotive industries, consumer electronics industry etc.), cheap labor, 

availability of raw material, skilled managers and engineers, venture capital resources and 

supportive public policies τ to generate opportunities in the development and retention of 

new EV-related businesses. 

¶ Upstream activities, which include mining and processing raw materials that are utilized in EV 

manufacturing, such as metals (Lithium, Cobalt, and Nickel etc.), plastics, and leather and 

rubber textiles, can represent significant opportunity to some regions.  

¶ EV product development is significantly related to the fields ƻŦ ά9ƴƎƛƴŜŜǊƛƴƎέΣ άwŜǎŜŀǊŎƘ ŀƴŘ 

5ŜǾŜƭƻǇƳŜƴǘέ ŀƴŘ ά5ŜǎƛƎƴέ. So, having local companies in the EV ecosystem supporting 

major automotive manufacturers will affect a regionΩǎ ǎǘŀƴŘƛƴƎ. 

¶ Vehicle manufacturing (assembly and production of finished EVs) generally takes place in 

regions which are located in close proximity to battery manufacturing countries and which 

have lower cost of labor, land rentals, and taxation rates.  

 
6 Bay Area PEV Readiness Plan. Available at: http://www.baaqmd.gov/plans-and-climate/bay-area-pev-

program/bay-area-pev-ready 

7 Zhou et al. 2010 
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¶ Component and parts manufacturing firms supply electric motors, vehicle drivetrains, 

controllers, batteries, cables and other components to EV OEMs. Firms making components 

tend to form clusters and locate in vicinity of vehicle manufacturers.  

¶ Charging infrastructure includes a wide range of manufacturers and vendors of EV charging 

infrastructure systems and the related software. Financial and development assistance for EV 

charging station companies should be extremely targeted, given the fact that industry 

consolidation is highly expected.  

¶ Downstream EV- related activities, including retail sales, maintenance and repair services, 

battery recycling, and vehicle sharing, develop as EV sales increase. Hence, targeted strategies 

are not generally needed to attract these businesses. 

 

 

Figure 5 - Value Chains: Conventional vs. Electric Vehicles 

Source: Adapted from Zhou et al. (2010) 

 

1.2.4 Building Sustainable BEV Supply Chain  
BEV supply chains need to be sustainable; economically, environmentally and socially. This requires a 

multi-pronged strategy engaging consumers, suppliers, and distributors. The challenges facing a BEV 

supply chain can be summarized as follows: - 

Production Challenges: The development of a new major industrial sector, such as a BEV industry, 

predictably has consequences for the relevant raw materials and supply chains. As it involves a 

transition to electric motors and batteries as the main components of the powertrain, it leads to major 

structural change in the raw materials used in the automotive sector. Some of the challenges 

frequently encountered in the supply chains of materials include: lack of reserves or resources, under-

investment in production capacity, and long lead times (time between initiating and executing) of new 

capacity.  
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Requirements for battery production especially point 

toward increased demand for new materials in this 

sector. Production challenges surrounding the supply of 

raw materials make the sustainability of the value chain 

unstable. Most frequently used battery chemistries 

require aluminium, graphite, lithium, copper, nickel, 

carbon, cobalt and manganese in large quantities for 

battery packs. For instance, an EV holds about five-times 

more copper than an equivalent ICE vehicle8, as it is found 

in the electric motor, battery, and wiring. Large 

quantities of copper will also be needed for upgrading 

power grids and extending infrastructure for EV charging. 

Much of the Cobalt is mined from the Democratic 

Republic of Congo (DRC) where its extraction is marred 

with issues of child labour. This has led to a search for 

battery chemistries which do not depend upon cobalt 

(such as lithium iron phosphate (LFP)). There is a need to 

increase responsiveness to raw materials supply. This can 

be done by ensuring that the supply chains are traceable 

and transparent, and by developing mandatory 

regulatory frameworks to ensure that transnational 

multi-stakeholder collaboration can successfully address 

these challenges. That being said, cathode chemistries 

significantly determine the demand sensitivity for these 

metals and the demand for materials in the automotive 

sector in future will depend, ultimately, on battery 

technology and chemistry and the speed of the transition 

to electric mobility.  

Social Challenges: Mass BEV adoption and production 

requires diverse strategies which impact the welfare of 

people locally, regionally, nationally and even 

transnationally.  

Advancing the development of the EV value chain also 

requires investment in building the knowledge 

generation capacity of academic institutions and training 

centres to ensure that they are well-equipped fulfil any potential skills gap. This is an essential step to 

enable the opportune development, formation, and consolidation of the professional profiles needed 

for the entire value chain. 

Economic Challenges: EV purchase prices are not yet competitive with ICE vehicles. Governments are 

juggling with different combinations of supply and demand side incentives, import/export options, 

production policies and standards while ensuring demand/supply balance and addressing potential 

supply disruptions, and demand fluctuations.  

 
8 ANL, 2018 

Critical Materials related to BEVs 

Cobalt, graphite, lithium, 

aluminium, manganese and rare 

earth elements (the latter are mostly 

used in electric motors) are included 

in critical materials list of several 

countries (USGS, 2018). 

An issue that makes the 

sustainability of material supply 

chains difficult to ensure is the lack 

of identification and traceability of 

each stakeholder along the material 

value chains, from the mine to the 

end-product manufacturer, that is 

the OEM in the case of electric 

vehicles (IEA, 2018a). Their 

international nature and the 

diversity of local regulations and 

minimum reporting standards blur 

the overall view of the value chain. 

Breaches in the supply chain 

traceability lead to under-awareness 

of the social, environmental, 

corruption and conflict-related risks 

and hazards associated with each 

step of the value chain. The limited 

information for product 

manufacturers and their customers 

that results from these gaps in 

traceability of supply chain does not 
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Furthermore, the implications for tax revenues are also important. The growing uptake of EVs may 

alter the tax revenue derived from vehicle and fuel taxes. If the current taxation schemes are left 

unadjusted, this can reduce available funding for other developmental projects.  

Geopolitical Challenges: Supplies of raw materials are exceedingly reliant on national policies and 

strategies. Their supply is often exacerbated in cases of geographical concentration of extraction 

and/or refining. For instance, China, holding a dominant position in the supply of rare earths9, cut off 

exports of these minerals to Japan in 2010 when the two governments were locked in a dispute over 

ownership of some islands east of Taiwan. Although /ƘƛƴŀΩǎ ǎƘŀǊŜ ƻŦ ǊŀǊŜ-earths production has fallen 

from 97% of the ǿƻǊƭŘΩǎ ǎǳǇǇƭȅ ƛƴ нлмл ǘo approximately 71% in 201810, its recent trade war with U.S.A 

is bringing up the same old concern of restricted global supply.  

Environmental Challenges Emissions emanating from the production of BEVs have impact on local 

ecosystems and water resources. Life-cycle emissions analysis has shown that electricity generation 

mix is a major determinant of the emissions saving resulting from electric vehicles use. For instance, 

Norway with its 98% of electricity generation from renewable resources stands to gain far more 

environmentally than say China, where 60% of the electricity generation is coal-based. EV 

manufacturing and adoption should aim to maximise the GHG emissions reduction benefits, and to 

achieve this, policies aiming to support the acceptance and adoption of EVs must be combined with 

measures calculated to decarbonise the electricity generation mix.  

Furthermore, the battery end-of-life management should be carefully planned both to limit the 

environmental pollution and to reduce the volumes of critical raw materials needed for batteries. This 

includes taking steps to establish second-life applications of automotive batteries, standards for 

battery waste management and environmental requirements on battery design.  

It is important that governments and the auto manufacturing industry develop the needed capacity 

to anticipate the risks associated with these changes and design strategies to manage them.   

1.3 Industry Assessment Framework and Methodology  

1.3.1 Assessment Framework and Indicators  
¢ƘŜ ǎǘǳŘȅΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ƛƴŘǳǎǘǊȅ ǊŜŀŘƛƴŜǎǎ ŦƻǊ .9±ǎΣ ƛǎ ǘƻ ƳŀƪŜ ǳǎŜ ƻŦ ǘǿƻ ŦǊŀƳŜǿƻǊƪǎΦ 

Firstly, it will apply the value chain framework to gain a comprehensive overall picture of the industry 

and to identify the associated key players in the BEV value chain. Secondly, it will apply the 

Technology-Organization-Environment (TOE) framework on key individual players identified through 

the value chain framework  

Value Chain Framework 

Value chains include the full spectrum of activities and services required to take a product from its 

conception to its sale in the end market. They include inputs suppliers, producers, processors, 

retailers/distributers and customers. Value chains are supported by various related business, 

technical, and financial services providers.11 Since it is unusual for a firm to perform all activities from 

product design to final product delivery by itself, value chain analysis deals with the entire value 

system or the supply chain context in which the organization operates.  

 
9 17 elements in mineral form, EV makers rely on for lighter-weight battery and motor components. 
10 https://www.bloomberg.com/opinion/articles/2019-05-30/we-all-need-to-calm-down-about-rare-earths 
11 USAID, Briefing Paper 
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A value chain has both structural and dynamic components. Firm behavioural dynamics are influenced 

by the structure of the value chain.  These dynamics determine how well the value chain performs. 

Value chain structure comprises five elements: business and its supporting environment, end market, 

supporting market, and horizontal & vertical linkages.  

Figure 6 depicts the Value Chain as applied in the BEV context in this study. End markets represent the 

last user of the products or services, hence in the BEV context, they imply the final BEV user. 

 

 

 

 

 

 

 

 

 

Figure 6 - BEV Value Chain Framework 
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Technology-Organization-Environment (TOE) Framework 

The TOE Framework12 makes use of three different contexts to explain the factors influencing the 

adoption of a technological innovation. Firstly, the technological context includes the external and 

internal technologies that are applicable to the firm. Secondly, the organizational context relates to 

the individual ŦƛǊƳΩǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ǊŜǎources, such as its size, extent of centralization and 

formalization, human resources, managerial structure, surplus resources, and connections among 

employees.  Thirdly, the environmental context encompasses the regulatory environment, the 

ƳŀŎǊƻŜŎƻƴƻƳƛŎ ŎƻƴǘŜȄǘΣ ƛƴŘǳǎǘǊȅΩǎ size and structureΣ ŀƴŘ ǘƘŜ ŦƛǊƳΩǎ ŎƻƳǇŜǘƛǘƻǊǎΦ ¢ƘŜǎŜ ǘƘǊŜŜ 

contexts or elements together present both limitations and opportunities for a given technological 

innovation.  The TOE model has wide-ranging applicability and retains explanatory power when 

applied across various industrial, technological, national and cultural contexts13. 

The study suggests that as BEVs are basically a technological innovation, their adoption and diffusion 

can be explained with the TOE framework. All the key players identified through the value chain 

framework will be analyzed through three perspectives: technological, organizational and 

environmental. The progress of the value chain can be smoothed or hindered depending upon the 

many factors affecting the market. The three contexts or elements from the TOE framework will help 

identify both constraints and opportunities for a given technological innovation, i.e., BEV production 

and adoption. 

1.3.2 Survey design & sampling  
Before applying the above-mentioned frameworks on Pakistan and India, the study has analysed 

leading countries in terms of BEV production and adoption to understand the best practices around 

the globe. For this purpose, the following countries are selected: China, Norway and USA, where the 

electric car stock is primarily composed of BEVs. The study sought to address whether the best practices of 

these countries can be replicated in countries like Pakistan and India. 

Norway: Norway is the undisputed world leader in electric cars market share, with vehicles charged 

ŀƭƳƻǎǘ ŜȄŎƭǳǎƛǾŜƭȅ ƻŦŦ ǘƘŜ ƴŀǘƛƻƴΩs abundant hydro-power resource14. It has the highest BEV market 

share in the world.15 In 2018, EVs comprised 46%16 of all vehicle sales. When considering that they 

were only 20.8% in 2017 and 5.5% in 2013, it shows that in around 5 years Norway has substantially 

improved EV acceptability amongst its residents.17 A combination of factors is responsible for this high 

market penetration. BEV have achieved price parity with a comparable ICEV due to subsidies and non-

monetary incentives for BEVs. This is discussed in detail in Section 3.3. Norway is ideal for EVs as the 

ŎƻǳƴǘǊȅΩǎ ǇŜǊǎƛǎǘŜƴǘ ōǳŘƎŜǘ ǎǳǊǇƭǳǎ ŜƴŀōƭŜs it to grant the generous subsidies. Majority of Norwegians 

(approx. 73%) live in accommodations with in-house facilities for charging EVs18 making public 

charging infrastructure less critical than in other countries.  

China: Where Norway outperforms other countries in relative terms, China does so in absolute terms 

in EV market. Driven by the government policies, which influence both EV buyers and manufacturers, 

China is pushing ahead to develop its EV industry. Electric mobility is expected to remain a priority of 

 
12 Proposed by Tornatzky and Fleischer, 1990 
13 Baker, 2011 
14 The Guardian 2017 
15 (ICCT Europe, 2014) 
16 Global EV Report 2019 
17 The independent Norwegian Road Federation (NRF), Reuters, 2019 
18 Statistics Norway, 2014 
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the auto industry in coming years to come as its market share grows and the government makes the 

EV adoption a main concern in numerous regions. 

China had 45% όрΦм Ƴƛƭƭƛƻƴ ǳƴƛǘǎύ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŜƭŜŎǘǊƛŎ ŎŀǊǎ in 2018, compared to 39% in 2017. The 

tŜƻǇƭŜΩǎ wŜǇǳōƭƛŎ ƻŦ /Ƙƛƴŀ όƘŜǊŜŀŦǘŜǊ ά/Ƙƛƴŀέύ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ ōƛƎƎŜǎǘ electric car market19, since 2014, 

BEVs make up about 75% of the Chinese electric car stock share.  

In 2016, Chinese market offered customers around 75 EV models. The sales dynamic is supplemented by 

other facts such as: Chinese OEMs produced 43 percent of total EV stock in the world, Chinese lithium-

ion battery-cell players held 25% of the global supply share, and the country expanded its EV-charging 

infrastructure to 107,000 public outlets20. BEVs are exempted from license registration fees (as high 

as $14000) in Beijing, Shanghai, and Shenzhen.  

USA: Although, the United States of America is currently third globally on the stock of electric cars, it 

is leading the world in terms of Research and Development on BEV and the associated value chains. 

In USA, the growth of the EV market is most pronounced in the state of California. In 2017, half of all 

¦{!Ωǎ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ǎŀƭŜǎ ǿŜǊŜ ƛƴ /ŀƭƛŦƻǊƴƛŀ. Low and moderate income earners typically get rebates 

of $2,500 for BEVs. At the end of 2017, California had 344 public charge points per million residents, 

whereas the rest of the USA had only 107.  

The study has analysed the above mentioned three countries using the value chain and TOE 

frameworks. It also explored the local context and assessed how the lessons learned from best 

practices can be applied to India and Pakistan. Several local characteristics have also been factored in.  

1.3.3 Execution 
The study executes the above by making use of secondary literature and data review to analyse the 

cases of leading countries. Global EV Outlook reports, white papers, papers by consulting firms such 

as McKinsey and Deloitte, are utilized for the secondary literature review. Information is also gathered 

from the Departments of Energy and Ministries of Transportation and Climate Change of respective 

countries. In addition to this, secondary data collection from Pakistan comprised a thorough analysis 

of Economic Surveys of Pakistan, the National EV Policy 2019, relevant research papers, and company 

documents. 

The primary study mainly comprises of a field-based survey of the automotive industry of two SAARC 

Member States i.e. Pakistan and India. Primary data collection was done in two stages. In the first 

stage, interviews have been conducted with the key actors identified through the value chain 

framework. Section 4 elaborates on the nature of participants. The key automotive industry 

stakeholders surveyed includes manufacturers and assemblers (incumbents and start-ups) of BEVs 

and BEV components such as battery, battery management system, motor/traction, inverter, and 

related hardware and software. In addition, a trader/dealer perspective is also collected as a part of 

the survey. The research segmented 2/3/4 wheelers and interviewed 43 persons from the cities of 

Karachi, Lahore, Islamabad and Gujranwala. The authors compiled a questionnaire to guide the 

interviews using the TOE framework. (Refer to table 3 for Interview Questionnaire) 

In the second stage, halfway through this project, the project leads held seminars on Industry 

Readiness for Manufacturing of Battery Electric Vehicles in Pakistan (on 30th August 2019 at LUMS) 

and India (on 3rd September 2019 at IIMB). The purpose was to: 

 
19 Global EV Outlook report 2019 
20 Mckinsey, 2017 
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¶ Bring together various stakeholders related to BEV manufacturing in Pakistan and India 

¶ Share research findings by LUMS, Pakistan and IIMB, India 

¶ Discuss current state, opportunities, and challenges of readiness of the manufacturing value 

chain in Pakistan 

¶ Identify future targets and pathways to achieve those targets 

The gathering from Pakistan comprised 68 participants representing: 

¶ Entrepreneurial ventures  

¶ Component manufacturers: motors, cables, batteries 

¶ Original automobile manufacturers (two, three, and four wheelers) 

¶ Local and international technology providers 

¶ Universities, research institutions, and incubation centres 

¶ Allied industries 

¶ Lahore Chamber of Commerce and Industries 

¶ Engineering Development Board 

Using the value chain ŦǊŀƳŜǿƻǊƪ ǘƻ ƛŘŜƴǘƛŦȅ ƪŜȅ ǇƭŀȅŜǊǎ ƛƴ tŀƪƛǎǘŀƴΩǎ .9± ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ DƛǾŜƴ ǘƘŜ 

nascent stage of the industry, the study takes an exploratory approach and gives an overview of the 

key players in BEV industry as identified through the value chain framework and interviewed by the 

project leads during May- August 2019. The report will next apply the TOE framework on the identified 

players. For the execution, the project leads successfully held a seminar on Industry Readiness for 

Manufacturing of Battery Electric Vehicles in Pakistan and India. (Exhibit 1 gives the details of the 

event). The purpose of this session was to bring together various stakeholders related to BEV 

manufacturing in Pakistan and India and to share with them the research findings made so far by 

LUMS, Pakistan and IIMB, India. By discussing the current state, opportunities, and challenges of 

readiness of the manufacturing value chain in Pakistan, the study assessed the competitiveness of the 

industry, and identified future targets and pathways to achieve those targets. The seminar also 

contributed to quantitative data collection as almost 40 participants filled out a questionnaire 

designed along the lines of TOE Framework. The respondents were asked to rank their perception of 

the current state oŦ ŦŀŎǘƻǊǎ ƻƴ ŀ ǎŎŀƭŜ ƻŦ м ǘƻ р όǿƛǘƘ м ōŜƛƴƎ ΨƭƻǿΩΤ н ōŜƛƴƎ ΨǎƻƳŜǿƘŀǘ ƭƻǿΩΤ о ōŜƛƴƎ 

ΨƴŜƛǘƘŜǊ ƭƻǿ ƴƻǊ ƘƛƎƘΩΤ п ōŜƛƴƎ ΨǎƻƳŜǿƘŀǘ ƘƛƎƘΩΤ ŀƴŘ р ōŜƛƴƎ ΨƘƛƎƘΩύΦ ¢ƘŜ ŦƛƴŘƛƴƎǎ ŀǊŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ 

Section 5 (Pakistan) and Section 8 (India) as average scores for various parameters along with the 

quantitative data collected earlier via interviews. 

The complete list of the participants from Pakistan is given in Exhibit 3. In short, the participants 

included top management and/or owners of organizations who have experience, leadership and 

potential in the BEV industry:  

¶ Entrepreneurial ventures  

¶ Component manufacturers: motors, cables, batteries 

¶ Original automobile manufacturers (two, three, and four wheelers) 

¶ Local and international technology providers 

¶ Universities, research institutions, and incubation centers 

¶ Allied industries 

¶ Lahore Chamber of Commerce and Industries 

¶ Engineering Development Board 

The seminar also comprised a panel discussion by following: 
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¶ Mawish Ahmad (Managing Director, Power Electronics Pakistan) 

¶ Muhammad Azim (Chairman, Auj Group) 

¶ Shaukat Qureshi (EV Technologies Consultant) Chief Operating Officer, EV Auto Division 

¶ Haider Zaidi (CEO, Haris Enterprises ς representing InerZ) 

¶ Zubair Ahmad (General Manager Production, Sazgar Engineering) 

¶ Muhammad Nauman Zaffar (Associate Professor, School of Science and Engineering, LUMS
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2. Analysis of Global BEV Supply Industry   

This section will analyse the BEV supply industry in general using the value chain framework, with a 

particular emphasis on manufacturing. 

2.1 Original Equipment Manufacturers (OEMs)  

2.1.1 Opportunities and Challenges 
In the value chain of BEV manufacturing, the OEMS hold chief position. Their actions are being 

determined by the following factors: 

¶ Government Regulation 

¶ Poor Demand Outlook 

¶ High Cost of capital and Production 

Government Regulation: Advanced countries are encouraging vehicle manufacturers to increase 

investment in and development of EVs by manipulating the regulatory environment. It can be 

concluded that supply has been mainly driven by policy and regulation. Minimum (EV) sales 

requirements and stricter fuel efficiency targets when implemented strictly, can only be achieved with 

higher EV penetration (For instance USA, China). Without regulation, EVs would have probably 

continued being a niche offering even in the developed world, as manufacturing costs (and thus the 

sales prices) would have remained exorbitantly high. Government regulation has thus forced OEMs to 

reallocate and dedicate capital to EV production. OEMs not complying with the government 

regulations risk being fined and gaining an eco-unfriendly reputation. Similarly, policies, designed to 

achieve the goal of EV adoption and/or manufacturing, are an important tool. In order to help create 

demand, subsidies and non-financial incentives are offered as subsidy levels and EV penetration seems 

to be strongly correlated. In short, financial incentives have been necessary to encourage adoption of 

EVs at this stage.  

Poor Demand Outlook: Thus far, EV adoption is not demand-driven, as EV interest amongst consumers 

remains subdued. Ingrained buying habits present a challenge for OEMs. Analysis of the relationship 

between price and power (bhp) and that of between price and CO2 emissions shows that customers 

are by and large willing to pay for power, but not for fuel efficiency, especially when fuel prices are 

low. Hence, OEMs have traditionally been hesitant to add fuel-saving content to vehicles given the 

inadequate financial return of such a venture. 

High Cost of Capital and Production: Traditional vehicle manufacturers base their decisions on the 

potential investment return relative to capital cost. Majority of decisions (particularly those relating 

to significant resources) require long managerial processes, which can hinder the pace of the projects. 

Sluggish decision making is becoming a distinctive feature of the incumbent operators, giving new 

entrants with a competitive edge. Furthermore, automotive OEMs have small margins requiring 

capital investment decisions to be strictly controlled. The dilemma facing most can be summarized as 

regarding the split of capital expenditure between άimproving existing technologies versus investing 

in new technologies τ like EVs ς where demand uncertainty makes outlook ǳƴǇǊŜŘƛŎǘŀōƭŜέ. The point 

of inflection for supply will be when cost parity between EVs and ICEVs is reached. Interestingly, this 

is expected to be sooner rather than later in future as battery costs are expected to decline and the 

cost of non-compliance with emissions expected to increase further. Till now, the high cost of 

production has remained a catch-22 for OEMs. High battery cost is a major obstacle for price-

reductions for EVs. The high cost in turn is due, partly to the fact that economies of scale are not being 

attained with the current production volumes. It is thus difficult for manufacturers to reduce theƛǊ 9±Ωǎ 
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selling price without compromising their financial performance. At the same time, prices need to fall 

in order to make EVs advance onwards from the ΨŜŀǊƭȅ-ŀŘƻǇǘŜǊǎΩ ǇƘŀǎŜΦ 

The challenge, until cost parity with ICEVs is achieved, is that EVs are far more expensive to 

manufacture, and unless consumers ŀǊŜ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ǘƘƛǎ ΨŜȄǘǊŀ ŎƻǎǘΩΣ 9± ǇǊƻŘǳŎǘƛƻƴ, is not a 

profitable endeavour without subsidies at present. 

2.1.2 OEMs Future Targets 

 

OEMs have been gearing for mass EV-adoption and their actions suggest that EVs do have a 

sustainable future ahead. There has been a more than 40% increase in EV-related R & D investment 

expenditure since 2006, and latest announcements from OEMs suggest that the upward trend is 

expected to continue:  

 

Figure 7 - OEM Announcements 

Source: Global EV Outlook, 2019 

2.2 EV Batteries 

The battery is a key component of the EV, because, the vehicleΩǎ ǊŀƴƎŜ depends almost completely on 

it. Furthermore, it is the heaviest and most costly electric component in an EV. Most EV batteries are 

lithium-based with a combination of manganese, cobalt, nickel, graphite and other primary 

components.  
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Since the battery forms the core part of an electric vehicle both in terms of technology and cost, this 

report focuses only on the battery part of the BEV supply chain. The supply chains for the rest of the 

components (other than the drive train) remain the same as ICE based vehicles and hence will not be 

dealt with in this report.  

2.2.1 Battery Technologies 
! ōŀǘǘŜǊȅΩǎ main components can be divided into four distinct parts: a negative electrode (anode), a 

positive electrode (cathode), an electrolyte and a separator. The diversity and properties of anodes 

and cathodes often differentiates batteries. The separator and electrolyte, generally, are the ones that 

are commercially available. The electrolyte mainly transports ions from the negative electrode to the 

positive electrode or/and vice-versa, while ensuring that any reactions with the Li-ions remain 

minimal. The electrolyte is made up of water with a certain amount of dissolved salts, such as, lithium 

hexafluorophosphate, to ensure proper ion conductivity. The separator serves to stop the 

transportation of electrons without interfering in other processes. Various types of high voltage 

batteries are available, with the electrode chemistry being the chief distinctive factor. Some of the 

popular types are:  

 

Figure 8 - Battery Technologies by Chemistry with Pros and Cons 

Source: Azevedo et al. (2018) Lithium and Cobalt - A tale of Two Commodities, McKinsey and 

Company 

¶ Lead acid batteries ς mainly used in electric two wheelers 

¶ Li-ion batteries - further divided into following types: 

¶ Lithium Manganese Oxide (LiMn2O2) 

¶ Lithium Nickel Manganese Cobalt Oxide (NMC)  

¶ Lithium Cobalt Oxide (LCO)  
































































































































































































































