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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 innovatioMass adoption of B& have been hailed as a significant
driver bringing reductions in two of the maost threatening issues facing developing countries: pollution
levels and oil import billsThe economic potential of BMs tremendous:holding other factors
constant,a 1000ccfuel (operating on petroltar has an epense(fuel costlof PKR 284,760 per annum,
whereas a comparable E\és an associated charge cost of oRIKR30,240per annum. However,
electric vehicles in developing countries like Pakistan and India remaihedafiering. This study is a

step towards exploring the BEV manufacturing potential in Pakistan and [Ddidgrary to popular
belief, despite energy shortages, BEVs have the potemitigaining widespread adoption in Pakistan
and India if adapted to thical contexsupportedwith right set of regulatory policies.

Muhammad Naeem Malik
Director SEC



EXECUTIVE SUMMARY

This reporfprovidesan 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 gvbalelution: USA, China

and Norway, and compasthosebest practicesith the local context.

By makinguse of two frameworksfirstly, throughthe value chain frameworkthe studygairs a
comprehensive overhbicture of the industry and identifiethe associated key players in the BEV
value chain, andecondly the TechnologyOrganizatn-Environment (TOE) frameworkagplied on

key individual players identified through the value chain framewdithe study utilized secondary
literature review to undestand 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 line®@mpany documents, and government policies and repor

From a global perspective jsobserved 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 whitinectly and indirectly curtail the use of ICEVs, to
offers of financial and nefinancial incentive packages for purchase and production obBY¥selated
technologies, the strategies address both the demand and the supply side of the egaatimss the

BEV value chaiThis study analyses primary and secondary datavimuatethat if these practices

can be replicatechnd sustainecdby SAARC membestates, 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 countrie©EMSs are struggling to bring down the prices of their electric
vehicles so they can compete with the @dhicles. A amponent analysis of the EV cost structure
shows that batteries makepuabout50% of the total cost, along with determining the range and
performance, thus making it the most crucial EV componklast players require appropriate set of
regulatory environmat and significant technical collaborations with international organizations.
Potential for the local industry exists in the valdeven segments of the battery value chgmg.

battery pack manufacturing), where service addition and product variationlead to a profitable
business case for local assemblers. However, the cell manufacturing stage of battery value chain is
characterized globally by ctitroat competition and is extremely cesiominated, thus leaving little

room for local players (who cant compete with the loweipriced imported battery cells). Other BEV
components such as electric motors, BMS, cables o be locally manufacturedver 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 dutieswaakl business
models. The study concludes by making several recommendations on how to generate domestic
demand for BEVim Pakistaninteresting enoughthe studyresults fom 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 capacitgdbtheexisting and the
forecasted demad levels ofBEVs.



1 Introduction

1.1 Objectives and Scope of the study

The purpose of this study is &gsessthe manufacturing readinessf two SAARC Meber States (India
and Pakistapin BEVsupply chain by surveying locsipply industry stakeholdergollectingtheir
feedback anduggestions for potential improvementand making regiospecific recommendations
To accomplish thighe study will develop a framework to assess the readinéssitomotive industry
in respect to BEV manufacturing. Towards this enfigld study of autanotive industry has been
conductedthrough interviews surveys andfocus group discussions with amotive manufacturers
and assemblers and the manufactureesd assemblers of important BEV componersluding
battery, electricmotor, controller, cablesandassociated hardware and software.

The data is analysed and a comprehensive readiness status of thaatisteindustry as pethe study
framework is compilked. The studyprovides anassesmsient of the performance ofcompetitively
advantageous areas of indigenous amutative industryin BEV manufacturing domainhese findings

are supplemented and compared with the global best practices using case study analyses of leading
countries in BEV manufacturing and adoptiohastly, it will propose recommendations to assist
indigenous autmotive industry in member coumies to develop strengths in BEV manufacturing,
assemblingand related upgseam and downstream businesses along with elaborasngtainable
strategies and effective pathways to develop and expand the indigenous BEV related industry.

Given the fact thamost SAARC countries do not, at present, have significant local manufacturing base
in BEV releed businessassessg the indigenous capabilities and ground realities drygaging
potential stakeholderswill serve to supplement future policy roadmaps dewelop this industry
domestically As he studyhasassessd the current strengths and identéd the crucial needs of the

local industry to grow in BEV manufacturing, assembly and retaisthesses, ivill serve as baseline
information and guié for the elevantstakeholdersof the stated SAARC Member States

1.2 Battery Electric Vehicles

1.2.1 Electric VehiclesTypes

Hybrid Electric Vehicle¢HEVs) are drivehy an ICElong with an electric motorhiat utilizes the
batteryQa Sy S NHT&roud the I8Eard $ie regenerative braking, theshiclebattery is charged
without needing to be plugged in to an electricity outlet.

PlugIn Hybrid Electric Vehicle@HEVs) can lm®nnectedto an electric power source to charge the

battery as they ar@rivenby both an ICENd an electric motor that makes use of the: G G SNB.Q&a Sy SN
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 (BEMsInh aBEMalso called an altlectric vehicle)electrc energy is stored

in a battery. The batterpowers the motor. The EV battery is chargeshnecting the vehicle withn

electric power sourcéusually with a charging cableBEVs are the focus of this studpday, nearly

all vehicles, Light Commercial Vehicles, cars, two/three wheelers, buses and trucks are available in
battery electric type, besides the traditial ICE
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Figurel - Electric Vehicle Types
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1.2.2BE\$ ¢ GlobalAdaoption and Diffusion Trends

Globally, éectric mobilty is expanding rapidlyn 2018, the worldwideelectric car stockurpassed.1

millionunits, increasindgrom 2 millionin 2017. This represented an almost doublifithe new electric

OF NJ NBIAAUGNT GA2Yyad igakBm noB@ /LK Sylas ow SYIdH ¥ & ldhey2 FR / Kii 3
g 2 NIleRdingelectric car markethighest total stock)followed by Europgsecond highest stock)

and the United State@hird highest) In terms of electric ar market share, Norway ke global leader

(since 2014)with 46%market share oklectric cars

= China = Europe = United States = Rest of the World

Figure2 - Global Stock of Electric Cars (%Share)
Source: Global EV Outlook, 2019

cm: 2F (GKS g2 NI iR®@iaposed b BEVIhRir@GdoaiibnNg beirig &cselerated due to
the adoption of global targets such ¥ision 30 @ 30, whose signatories (Chiagan, Finland, France,
Netherlands and Swedea)m to reach 30% EV market share by 2030.

Electric twowheelers stock amounted to 260 ittion by the end of 2018 and that of the electric buses
totalled 460,000units. The level of electric vehiclesfreight transport,touched250 000 units in 2018.

2



The stock of EVs was supported by 5iiom light-duty vehicle (LDV) chargers (eR@18), (540 000

of which are publicly accessible), accompanied by 157,000 fast chargers for buses. This represents a
44% incrase from 2017Majority of this increase was attributable to private charging pointhjch
accountedfor over 90% of the 1.6 iion installations in 201858 TWhof electricity were consumed

to fuel EVs on the road in 2018 (largely attributable to twogéeters in China). These vehicles were
responsble for emitting only 4Imillion tonnes of CO2 equivalent in 2018, thereby savingndon
tonnesof CO2 equivalent when compared to comparable l2Eedfleet.

1.2.2.1 Light Commercial Vehicles LCVs

In 2018, approximately 80 000 electric L@se sold(mostly BEVspredominantlyin China (54 000
units) and Europe (25000 units). On averagectric LCV salegowth ratewas lower in 2018 @®%6)
as compared to 2017 (94%), althouglvas hgher in Euvope in 201842%)than in 201736%).
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Figure3 - Global Electric Car Sales and Market Share 2813
Source: Global EV Outlqd019

1.2.2.2 Bises

The global stock of-Busessaw an increase of 25% (900,000units) in 2018compared to 2017,
reachinga total ofroughly460,000units. China hold99% 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)he most favoured technology choics iaaccounts for 93% of newttts
registrations.

During 2018, electric buses witnessdynamic developments as governmeattion and increased
interest in electrification of buseswas globallymore intenserelative to previous years. Excluding
China, about 900-Buseswere registered in 2018, primarilp Europe. ©day, there are over 300-E
buses in the United Statés200and 40e-buses were introduceth Chile andEcuadorespectivelyfor

the first time inLatinAmerica. A tender for-®us procurement was also submitted in India under the

1Reuters, 2017



FAME schemeén addition, various state governments in India have also introdueledses for mass
transportation.

Electricbuses in North America araainly supplied by tb following three brands: BYD (China), New
Flyer (Canadaand Proterra (United States). New Flyer and Bid¥e announcedo increase
investments in ebus factories in the USADaimler has invested in Proterra to jointly develop electric
school buses In Europe and Latin Amedgc Chinese (e.BYD and Yutongand North American
(Proterra and New Flyer) companies h&ezn deploying-buses. Trials have begun on some routes
in Australia alsoby companies such as Yutong and Zhongtbng

1.2.23 Two/ThreaNVheelers

The electric two/threewheeler stock operating on roadsurpassed300 millionunits in 2018. The
electric twowheeler market is being led by China, followed by Indiaag&ARcountries.China had

250 million units of electric two wheelers in 2018, over aperter of the global twewheeler stock

of almost 800 million units. Two thirds of these have a limited but sufficient performance giving a
maximum of 2825 km/h and covering almost &n on a single charge. These characteristics together
make lowspeed twewheelers both economical (cost around USD 400) and-suéiéd for use in
O2y3SaiGSR OAGASaD L ywheklérQsiappiokiBately 2.2 Miligfasddgiaddudd ( K NX
sales reached 630 000 units in FY 2a18 ASEAN countries registered a sale of 10 million electric two
wheelers in 2018n European cities these vehicles are mainly introduced by fleet operators of shared
rental schemes. There are arouf800 units in BerlifGermany), 1300 in Madrid (Spain) and 5600 in
Paris(France).

1.2.3Revamping the Supply Chain: BEV Industry Insights

Thesupply chains forlBg-in HectricVehicles and conventional vehiclelffer substantially{See Figure
4). Therefore, mass deploymermtf BEVs willreconfigure theexistingsupply chainsand openup
opportunities for batteryand cellmanufacturers ard their suppliers while redueg or altering the
role of conventionatomponent suppliersEven though electriand ICEvehicles share some of the
same componet parts, there are several new systems, parts and components in(PEM#n Electric
Vehicles including BEVib)at are incompatible with conventional vehicleExamples of these new
components are: electric powesteering, new gear boxeand water pumpgor cooling the electric
engine. Manufacturing ofbasic materials for batteriescell components and battery packsill
necessitate thesupply chains to be revamped majorly.

The opportunities for suppliers depencon which companiesnd at which tier levelshey are
supplying. Incumbent automakegenerallytarget to keeptheir costslow along supply chainso ago

ensurethe best endvalue to their customes and thus negotiate accordinglyrhis implies that
supplers doing business withattery manufactures and startup OEMs/entrepreneurial firnmay be
able toreceivebetter profit margins.

Globally,major auomakershave already started or are planning to stB&V productionincumbent
automakerstransitioning to EV manufacturing have an advantage over starsine theyalready
have brand recognitionstart-up capital, supply chain relationships, manufacturing scale, and
customer servicehannels However eventhey mustinvestmillions of dollas inretooling production

2 CleanTechnica, 2018; Mass Transit, 2018

3 Proterra, 2018

4 Australasian Bus & Coach, 2019

SAssociation of Southeast Asian Nations includes: Br u



lines and rammg up production ofEVs. Tis is where the government comes in by providing the
muchneededstimulus in the shape of incentivesid regulationto boost domestiananufacturing of
batteries andeVs.

Supply Chairf Conventional Vehicles

Automotive Components Automotive Original Equipment
Suppliers Manufacturers

Automotive Parts Suppliers

Supply Chairof Electric Vehicles

Cell Lkion battery Automotive Automotive

OEMs

Materials Components Cell/Pack Parts/Compon
and Electronics Players ents Supplier

Figured - Supply ChainConventional vs. Electric Vehicles

A BEV industry supply chain provides several advantaggsan replace or readapbnventional
automotive supply chainsSome insights are given below:

1 TheEV industry gpply chain is comparatively horizontally structured (FigurelBjs implies
that, compared with the rest bthe automotive industry BEVs gse a smaller numberof
components andusually require less collaboration betweemehicle manufacturersaand
component/part manufacturersThismeans that parts manufacture(Jier one andriertwo
suppliers)an be less specialized agéneric productgan be supplied at various levétsthe
supply chaif

1 Anotherimplication of thisrelativelyhorizontal structureof EV supply chaiis that there are
lower barriers to etry for firms along the entirechairf. A region can leverage its own
competitive advantages existing hightech and cleartech industriegskills are transferable
from the traditional automotive industries, consumer electronics industry etti¢ap labor,
availability ofraw material,skiled managers and engineersenture capital resources and
supportive public policet to generateopportunities inthe development and retention of
new EVirelated businesses.

1 Upstream activitiesywhich include mining and processing raw materihl are utilized ireV
manufacturing, such ametals (Lithium, Cobaltand Nickeletc.), plastics,and leather and
rubber textiles canrepresent significant opportunity to some regions.

f EV product developmens significantly related to the fiekt® 9 Y63 A Y SSNA Yy Ié T awSa:
5S@St 2LIVYSyié. Sb, aRkng doBaBcdrpanes in tHEV ecosystensupporting
major autanotive manufacturerswill affect aregiorQa a i yRA y 3

1 Vehicle manufacturingassembly and production of finisdeEV$ generally takeglace in
regionswhich are located in close proximity to battery manufacturing countries and which
have lower cost of labotandrentals, andaxationrates

6 Bay Area PEV Readiness Plan. Available attp://www.baagmd.gov/planand-climate/bayareapew
program/bayareapev-ready

7 Zhou et al. 2010



http://www.baaqmd.gov/plans-and-climate/bay-area-pev-program/bay-area-pev-ready
http://www.baaqmd.gov/plans-and-climate/bay-area-pev-program/bay-area-pev-ready

1 Component andparts manufacturing firms supplyelectric motors, vehicle drivetrains,
controllers, batteriescablesand other componentsa EV OEMs. Firms makingmponents
tend to form clusters andocate invicinity ofvehicle manufacturers.

1 Charging infastructure includes a wide range of manufaetts andvendors of EV charging
infrastructure systemandthe relatedsoftware Financiahnddevelopment assistance for EV
charging stationcompaniesshould be extremely targeted, given thefact that industry
consolidationis highly expected

1 DownstreamEV related activities, including retail sales, maintenance and regeivices
battery recycling, and vehicle sharimtgvelop as EV sales increase. Hence, targeted strategies
are not generally needet attract these businesses

Conventional Vehicle Plug-in Electric Vehicle

Initiated by various players’ specialization
Independent Research Companies
(e.g., Engineering Companies)

Independent Suppliers
(e.g., Battery, Motor, Inverter suppliers)

Initiated by automaker integration

Automaker Automaker
A C

///
/ Research &
\

\Development

Parts

N

Manufacturing
Assembly N\

\\
\

| | Automaker Automaker Automaker
A ] C

Independent Multi-brand Dealers

Figure5 - Value Chains: Conventional vs. Electric Vehicles
Source: Adapted fromhou et al (2010

1.2.4Building Sustainable BEV Supply Chain

BEV supply chains need to be sustaingbé®nomically, environentally and socially. Thisquiresa
multi-pronged strategy engaging consumers, suppliers, and distributors. The challenges facing a BEV
supply chain can be summarizedfabows: -

ProductionChallenges The developmenbf a hew major industrial sectosuch as a BEV industry,
predictably hasconsequences for theelevantraw materials and supply chain8s it involves a
transition to electric motoraind batteriesas the mén components of the powertrain, iéads tomajor
structural change in theaw materials usedin the automotive sectarSome of the challenges
frequently encountered in the supply chainsméterialsinclude lack of reserves or resources, unéder
investment in production capacitgndlong lead timegtime between initiating an@xecuting) ohew
capacity



Requirements for attery production especiallypoint
toward increased demand fomew materials in this
sector.Production challenges surrounditige supply of
raw materialsmake the sustainability of the value chai
unstable. Most frequently usedbattery chemistries
require aluminium, graphite lithium, copper, nickel
carbon, cobalt and manganese in large quantities f
battery packsFor instance, a Evholdsabout fivetimes
morecopper than an equivalent ICE vehfclas it is found
in the electric motor, battery, and wimg. Large
guantities of opper will also be needed fanpgrading
power gridsandextendinginfrastructurefor EVcharging.
Much of the Cohlt is mined from the Democratic
Republic of CongdDRG where its extraction is marred
with issues of child labouihis has led to a search fo
battery chemistries which do not depend upon coba
(such adithium iron phosphate (LFP)There is a need to
increasaesponsveness to raw materials supply. This ¢
be done by ensuring that the supply chains &raceable
and trangarent, and by developing mandatory
regulatory frameworks to ensure that transnationg
multi-stakeholdercollaborationcansuccessfullyaddress
these challenges. That being said, cathode clsaies
significantly determine the demand sensitivityr these
metals and the demand for materials in tla@tomotive
sector in future will depend ultimately, on battery
technology and chemistry and the speed of the transiti
to electric mobility.

Socid Challenges Mass BEV addjon and production
requiresdiversestrategies whiclimpact the welfare of
people localy, regiorally, nationaly and even
transnationally

Advancing the development of the BMlue chain also
requires investment in building the knowledge

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, @18).

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
endproduct manufacturerthat is

the OEM inthe 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 undeawareness
of the social, environmental,
corruption and conflictelated 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

generation capacity acicademic institutions and training

centresto ensure that they are wekquippedfulfil any potentialskills gap. This enessentiaktepto
enable theopportunedevelopment formation,andconsolidationof the professonal profiles needed

for the entire value chain

EconomicChallengesEV purchase prices are not yet competitive with ICE vehiGlegernments are
juggling with different combinations of supply and demaside incentives, import/export options,

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

supplydisruptions,and demand fluctuations.

8 ANL, 2018



Furthermore,the implications for tax revenues are algoportant. The graving uptake of EVeay
alter the tax revenue deved from vehicle and fuel taxes. If the current taxation schemes are left
unadjusted, this caneduceavailable fundindor other developmental projects.

Geopolitical Challenges Suppliesof raw materials areexceedinglyreliant on national policies and
strategies. Their supply 3ften exacerbated in cases of geographical concentratibextraction
and/or refining.For instanceChina, holding a dominant position in the supply of rargfes, 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 TaiwAtlthough/ KA Yy I Q& &ddrthNEodutbn Hed: faldh
from97%ofthes 2 NI RQa&a & delalhgfodimately?1%iim201%, its recent trade war with U.S.A

is bringing up the sameld concern of restricted global supply.

Environmental ChallengeEmissions emanating from the production of BEVs have impact on local
ecosystems and water resourcesfe-cycle emissions analysis has shown that electricity generation
mix is a major determinant of the emissions saving resulting from electric vehicleFarsimstance,
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 isbasel. EV
manufacturing and adoption should aim to maximise thteGemissions reduction benefits, and to
achieve this, policies aiming to support theceptanceand adoptionof EVs must be combined with
measure<alculatedto decarbonise the electricity generation mix.

Furthermore, he battery endof-life managementshould 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 establigecondlife applications of automotive batteries, standards for
battery waste management and environmental requirents 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

¢KS addzReéeQa FLIINRIOK (2 laaSaa G(KS AYyRdzZGONE NBI
Firstly, it will apply the value chain framework to gain a coghpnsive overall picture of the industry

and to identify the associated key players in the BEV value chain. Secondly, it will apply the
TechnologyOrganizatiorEnvironment (TOE) framework on key individual players identified through

the value chain frameark

Value Chain Framework

Vale chains include the full spectruof activities and seiges required to take a produétom its
conception to its salén the end market. They includénputs supliers, producers, processqrs
retailers/distributers and cu®mers. Value chains arsupported by various relatedusiness,
technical, and financial services providéYSince it is unusual for a firm to perform all activities from
product design tdfinal product deliveryby itself, value chain analysis dealsth the entire value
system or the supply chain context in which the organization operates.

917 elements in mineral form, EV makers rely on for ligiweight battery and motor components.
10 hitps:/iwww.bloomberg.com/opinion/articles/26@8-30/we-all-needto-calm-down-aboutrare-earths
11 USAID, Briefing Paper



A value chain has both structural and dynamic components. Firm behavioural dynamics are influenced
by the structure of the value chain. These dynamics deterrhine well the value chain performs.
Value chain structure comprises five elemerttgsiness anits supportingenvironment,end market

supportingmarket,and horizontal& verticallinkages.

Figure &depicts the Value Chain as appliedtie BEV context ithis study End markets represent the
last user of the products or services, hence in the BEV cotttext,imply the final BEV user.

Government
Policies

uPower electronics
and Separators
uEmbedded

(Raw Material A (Vehicles h
uteel/Metal oBmall Autos
uBattey Materials war\]feel
GAlumninium wheelers

uMotorcycles
uGlass || .
uMotorized
kuRubber ) Scooters
oPublic

(Components ) Transport
uMotors
wFFuel Cells —
uElectronic Drivetrain
uBatteries and

Chargers
wMetal and Plastic
fabrication

electronics

. J

Social and
Environmental
Trends

Distributors

. )
Retail and
Advertising

~—_————

)

After Sale
Services |«

Figure6 - BEV Value Chain Framework

| —

Distribution
Companies

Consumers

Education an
Environmenta
Awareness

)
Usage
— Intention-

Puchase
|

)

> Maintenance

Operation and

~—_—

Financial
Institutions

Recycling



TechnologyOrganizationEnvironment(TOEFramework

The TOBEramework? makes use of three different contexts to explain the factors influencing the

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

internal technologies that arapplicableto the firm. Secondly, the organittanal context relates to

the individual F A NY Qa OK I NJ OuicBsN3uehias Bsasizel gxitot dedralization and
formalization, human resources, managerial structure, surplus resources, and connections among
employees. Thirdly, the environmih context encompasses the regulatory environmetite

Y ONRSO2y2YA O Osing arllBtiuEturgl yIRYZR ( B 88 FANYQa O2 YLISG A
contexts or elements together present botimitations and opportunities for a given technological

innovaion. The TOE model hagde-rangingapplicability and retains explanatory power when

applied across variouadustrial, technological, national araliltural contexts?,

The study suggests that as BEVs are basically a technological innovation, thewradagitidiffusion

can be explained with the TOE framewoAdl 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 candmoothed 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 theabovementioned frameworks on Pakistan and Indidet studyhas analyse
leading countries in terms of BEV production and adoption to understand the best practices around
the globe. For this purposéhe following countriesare selected: China, Norway and USA, where the
electric car stock is primarily composed of BEVs. Tldy saughtto address whether the best practices of
these countries can be replicated inuctries like Pakistan and India.

Norway: Norway is the undisputed world leader in electric cars market shaité, vehiclescharged

I f Y240 SEOf dza As@luhdanhypdioPower keSourgét Itihathye Bighest BEV market
share in the world? In 2018, EVs comprisetb%3°® of all vehicle sales. When considering that they
were only 20.8%n 2017 andb.5% in 2013it shows that in around 5 years Norway has sufissdly
improved EV acceptability amongst its residetitd combination of factors is responsible fbis high
market penetrationBEVhave achieved price parity with a comparable ICEV due to subsidies and non
monetary incentives for BEVs. Thisliscussed in detail in Section 3.3. Norway is ideal for EVs as the
O2dzy 1 NB Q& LISNE A & U Sivtadigrant txRgerieious utmitle} . diadty oSNOtwegtarss
(approx. 73%) live in aceonodations with irhouse facilitiesfor charging EV'& making public
charging infrastructure less critical thandgther countries.

China:Where Norway outperforms other countries in relative terms, China does so in absolute terms
in EV marketDriven by the government policies, which influence both EV buyersraadufacturers,
Chinais pushing ahad to develop its Evidustry.Electric mobility is expected t@main a priorityof

12Proposed by Tornatzky and Fleischer, 1990

3 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 incomingyears to come as its market share growsl éine government makes the
EV adoptiora main concerrin numerousregions.

China hatt5%6 p ®m YA f £ A2y dzy A (& Oin 2018,cainfated té P%In R%Ehe St SOG N
t S2LX SQ&d wSHKSNEDT 28a) KR KA ¢ R ddctRc@dr market]sh&20(4,

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

In 2016, Chinese market offered customarsund 75 EVhodels.The sales dynamis supplemented by

other facts such a€hinese OEMs produced 43 percentatél EV stock in the wor|ldChinesdithium-

ion battery-cell players held 25% of the global supply sharelthe country expanded its E&harging

infrastructure to 107,000 publioutlets?®. BEVs are exempted from license registration fees (as high
as $14000) iBeijing, Shanghaind Shenzhen.

USA:Although, the United States of Ameritsacurrently third globally on thstockof electric carsit

is leading the world in terms of Research and Develept on BE\And the associatedialue chains.

In USA, the growth of the B¥arket is most pronoured in the state of Californidn 2017, half of all

{1 Qa St SOUGNRO @S K ALOW #d noberat incom&ddiBersiyyically lgdt reBRtBSNY A |
of $2,500 for BEVs. At the end of 2017, California had 344 public charge peirmillion residents,

whereas the rest of the USA had only 107.

The study has analysel the above mentioned three countries using the value chain and TOE
frameworks. It also explored the local context and assess how the lessons learned from best
practices can be applied to India and Pakistan. Several local characteristcalbaweeriactored 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 @Wtlook reports, white papers, papers by consulting firms such

as McKinsey and Deloittare utilized for the secondary literature reviemformation is also gathered

from the Departments of Energy amdinistries of Transportation and Climate Change cpextive
countries.In addition to this, secondanyata 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 compriseta fieldbased survey of the automotive industry of two SAARC
Member States i.e. Pakistan and IndRamary datacollection was done in two stages. In the first
stage, interviews have been conducted with the key actors identified tigio the value chai
framework. Section 4 elaborates on the nature of participani®e key automotive industry
stakeholdes surveyedncludes manufacturers and assemblers (incumbents and stgg) of BEVS

and BEV components such as battery, battery management system, motor/traction, inverter, and
related hardware and software. In additioa.trader/dealer perspective is alsmllected as a parof

the survey.The research segmented 2/3/4 wheeland interviewed43 persondrom the cities of
Karachi, Lahore, Islamabad and Gujranwdlae authors compile@& questionnaire to guidehe
interviews using the TOE framework. (Refer to table 3 fortegy Questionnaire)

In the second stage, difway through this project, the project leads held seminars on Industry
Readiness for Manufacturing of Battery Electric Vehicles in PaKistaB0" August 2019 at LUMS)
and India(on 3¢ September 2019 at [IMBYhe purpose was to:

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

Share research findings by LUMS, Pakistan and [IMB, India

9 Discuss current state, opportunities, and challenges of readiness of the manufactulileg va
chain in Pakistan

9 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 manufagrers (two, three, and four wheelers)
Local and international technology providers

Universities, research institutions, and incubatimntres

Allied industries

Lahore Chamber of Commerce and Industries

1 Engineering Development Board

=A =8 =4 =4 -4 -4 =4

Usingthe valuechaili NI YSg2N] (2 ARSYyGATFTe 1S@& LIXIFT@SNR Ay
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 frameworintmdiewed by the

project leads during MayAugust 2019. The report will next apply the TOE framework on the identified
players. For the executiothe project leads successfully held a seminar on Industry Readiness for
Manufacturing of Battery Electri¢gehicles 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 Indé@ad to share with them the research findings made so far b
LUMS, Pakistan and IIMB, Indigy discussing the current state, opportunities, and challenges of
readiness of the manufacturing value chain in Pakistan, the study assessed the competitiveness of the
industry, andidentified future targets and pathwaysot 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 currentstated T+ OU2NAR 2y | &aoFltS 2F m (2 p O66AGK

Section 5 (Pakistargnd Section 8 (Indiggs average scores for various parameters along with the
guantitative 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 orgaations 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 andnternational technology providers

Universities, research institutions, and incubation centers

Allied industries

Lahore Chamber of Commerce and Industries

Engineering Development Board

= =4 =4 =4 =4 =8 -8 =4

The seminar also comprised a panel discussion by following:
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=A =4 =4 =4 -8 =4

Mawish Ahmd (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 Enterprisespresenting Inerz)

Zubair Ahmad (General Mager Production, Sazgar Engineering)

Muhammad Nauman Zaffar (Associate Professor, Schogleic® and Engineering, LUMS
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2. Analysis of Global BEV Supply Industry

This section will analyse tH&EV supply industry in general using the value chain framework, with a
particular emphasis on manufacturing.

2.1 Original Equipment Manufacturef@EM3

2.1.10pportunitiesand Challenges
In the value chain of BEV manufacturinge OEMS hold chief position. Their actions are being
determined by the following factors:

1 Government Regulation
9 Poor Demand Outlook
9 High Cost of capital and Production

GovernmentRegulation Advanced countries are encouraginghicle manufacturergo increase
investment in and devefament of EVs by manipulating theeguatory environment. It can be
concluded thatsupply has beemmainly driven bypolicy andregulation. Mnimum (EV) sales
requirements andtricter fuel efficiency targetwhen implemeted strictly, can only be achievedth
higher EV penetration (For instamdJSA, China). Withoutgulation, EVs would havgrobably
continued beinga niche offeringeven in the developed world, as manufacturing cdsisd hus the
sales priceswould hae remainedexorbitantly high. Governmemegulaion has thus forced OEMs to
reallocate and dedicatecapital to EV production. OEMs not complying with tlgpvernment
regulationsrisk being fined and gaining aaco-unfriendly reputation. Similarly, plicies,designed to
achieve the goal dEV adoption and/or manufacturingre an important toalln order to helpcreate
demand, subsidies and ndmancial ncentives are offered as subsidy levatsl EV pentation seems
to be strongly correlatedin shortfinancial incentives have been necessargncourage adoption of
EVs at this stage

PoorDemand OutlookThusfar, EV adoption is natemanddriven, as E\interestamongstconsumers
remainssubdued Ingrained buying habitpresent a challenge for OEMAnNalysi®f the relationship
between price and power (bhp) and that between price and CO2 emissions shows thattomers
are by and large willing to pafpr power, but notfor fuel efficiency, especially when fuel prices are
low. Hence, OEMs haveaditionally beenhesitantto add fuetsaving content to vehicles given the
inadequate financial return of suchvanture.

High Cost of Capital and Productiofiraditional vehicle manufacturers base their decisionsthe
potential investment return relativeo capitalcost Majority of decisiongparticularly those relating

to significant resourcggequirelong managerial processes, which can hinder the pace of the projects
Sluggish decision making is becoming a distinctive feature of the incumbent opgrgieing new
entrants with a competitive edgeFurthermore, automotive OEMs have smalargins requiring
capital investment decisiorts be strictly controlledThedilemmafacing most can be summarized as
regarding the split o€apital expenditurdbetweendimproving existig technologies versuavesting

in new technologies like EVE wheredemanduncertainty makesutlookdzy” LINS R AT@dpoind S ¢
of inflection for supplywill be when cost parity betweenMs and ICEVs reatied. Interestingly, this

is expeted to be sooner rather than later in future as battery costs are expected to decline and the
cost of noacompliance with emissions expected to increase furtiBil now, the high cost of
production has remained a caté&t? for OEMs. High battery cost is a major obstacle for price
reductions for EVs. The high cost in turn is due, partly to thetfiatteconomiesf scale are not being
attained with the current production voluss. It is thus difficultor manufacturers to rduce theA NJ 9 + Q a
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selling pice without compromising theifinancial grformance. At the same time, prices needfadi
in order to make EVs advance onwards from & I-FNE 2LJ0 SNR Q LKl aS o

The challenge, until cost parity with BCs is abieved, is that EVare far more expensie to
manufacture, and unlessonsumers NB G2 O2YLISyal 468 T2 N {iikdoa WSE G N
profitable endeavour without subsidieg present

2.1.20EMs Future Targets

OEMs have been gearing for maS%adoption and their actions suggest thd&Vsdo have a
sustainable futureahead. There has been a mdren 40% increase iBVfrelatedR & D investment
expendituresine 2006 and latest announcements from OE#Msuggest that the upward trend is
expectedto continue:

BMW - 15-25% of the Group’s sales to be electric and 25 new EV models by 2025.
BIEV-BAIC — targeting 0.5 million E-car sales in 2020 and 1.3 million sales of E-cars in 2025.

Chonquing Changan - 21 new BEV models and 12 new PHEV models by 2025, 1.7 million sales by
2025 (100% of group’s sales).

Dongfeng Motor CO - 6 new EV models by 2020 and 30% sales share of electric cars in 2022.

Ford - 40 new EV models by 2022; Geely - 1 million sales and 90% of sales in 2020; GM 20 - new
EV models by 2023; Hyundai-Kia - 12 new EV models by 2020.

Honda - 15% electric vehicle sale share in 2030 (part of two-thirds of electrified vehicles by 2030,
globally and by 2025 in Europe).

Mazda - One new EV model in 2020 and 5% of Mazda sales to be fully electric by 2030.

Mercedes-Benz - 0.1 million sales in 2020, 10 new EV models by 2022 and 25% of the group’s sales
in 2025.

Renault-Nissan Mitsubishi - 12 new EV models by 2022. Renault plans 20% of the group’s sales in
2022 to be fully electric.

Infiniti - all models electric by 2021; BYD - 0.6 million E-car sales in 2020; Tesla - Around 0.5 million
sales in 2019 and a new EV model in 2030.

Toyota - More than ten new models by the early 2020s and 1 million BEV and FCEV sales around
2030.

Volkswagen - 0.4 million electric car sales in 2020, up to 3 million electric car sales in 2025, 25% of
the group’s sales in 2025, 80 new EV models by 2025 and 22 million cumulative sales by 2030.

Volvo - 50% of group’s sales to be fully electric by 2025.

Figure7 - OEM Announcements
Source: Global EV Outlook, 2019

2.2EV Batteries

The battery is &ey component of the E\becausethe vehicl®2 &  NikpgrisSalmostompletely on
it. Furthermore, it is thdieaviest and most costly electricomponent in an E\Most EVbatteries 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 ternteabinology 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) remaime same as ICE based vehicles and hence will not be
dealt with in this report.

2.2.1 BatteryTechnologies

I 0 I Griafh Nd&n@ohentsan be divided into four distinct parts negative electrodéanodse), a
positive electode (athodg, an electrolyte and a separator. Theversityand properties ofanodes
and cathodes often differentiates batteries. The separator and electrajgeerally are the ones that
are commercially available. The electrolytainlytransportsions from the negative electrod® the
positive electrodeor/and viceversa, whié ensuring that anyreactions with the Lions remain
minimal The electrolyte is made up of water wighcertain amount oflissolved salts, such as, lithium
hexafluorophosphate,to ensure properion conductivity. The separator servedo stop the
transpotation of electrons withoutinterfering in other processesVarioustypes of high voltage
batteriesare availablewith the electrodechemistry being thechief distinctivefactor. Some of the
popular types are:

Figure8 - Battery Technologies by Chemistry with Pros and Cons

Source: Azevedo et al. (2018) Lithium and Col¥altale of Two Commodities, McKinsey and
Company

Lead acid batterieg mainly used in electric two wheeler
Lkion batteries- further divided into followingtypes
Lithium Manganese Oxidé.{Mn202

Lithium Nickel Manganese Cobalt Oxide (NMC)
Lithium Cohlt Oxide (LCO)

= =4 =4 =4 =4

16
















































































































































































































































































































































