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Foreword 

Many large cities in the world are facing the challenges of air 

pollution due to the emissions from the conventional Internal 

Combustion Engine (ICE) based vehicles. The conventional ICE 

vehicles are also responsible for the GHG emissions, with the 

transport sector alone contributing 23% of the global CO2 emissions. 

As most of the countries are obligated to reduce GHG emissions in 

pursuant to the Paris Agreement's goal of limiting the global 

warming to below 2 degrees Celsius above preindustrial level, 

therefore, policy makers and concerned authorities are looking 

towards electric vehicles to help tackle air pollution problems and 

the climate change issues. 

China has by far become the largest electric car market accounting for more than 40 % of electric 

cars sold in the world. India has recently rolled out its plan to sell only electric vehicles by the 

year 2030. Electricity is going to be largest source of energy in the future and electric vehicles 

are of course the ultimate solution to the problems of air pollution and other environmental 

issues including climate change. The electric vehicles have the additional benefits of reducing 

noise pollution as well. 

Deployment of electric vehicles becomes viable for South Asia when power required to drive the 

electric vehicles comes from the economic, clean and indigenous resources such as renewable 

energy. Another most essential factor to bring about shift of conventional transport sector to 

electric transport is the building and maintaining of the necessary charging infrastructures. The 

electric vehicles will gain the acceptance by the consumers if and only if the necessary 

infrastructures are in place at economic cost. This study report is an important step in the right 

direction by the SAARC Energy Centre to assess the infrastructure required for the successful and 

effective revolution of electric vehicles in the transport system of South Asia. This report also 

reflects the relevanŎŜ ƻŦ {!!w/ 9ƴŜǊƎȅ /ŜƴǘǊŜΩǎ ŜŦŦƻǊǘ ǘƻ ŦǳƭŦƛƭ ƛǘǎ ŦǳƴŎǘƛƻƴ ŀǎ ŀ ǊŜgional center of 

excellence that builds a coherent, coordinated, focused and robust energy policy agenda and 

strategy for the SAARC region. SEC looks forward to your comments and feedback on this report. 

 

 

  

Mohammad Naeem Malik 
Director  

SAARC Energy Centre 
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Executive Summary 

The economies of the SAARC nations have grown over recent years, driven mainly with growth in the 

industrial and service sectors. In parallel to economic growth, the countries have witnessed an increase 

in their contribution to climate change. The SAARC region is geographically extremely vulnerable to the 

adverse effects of climate change. In light of this, each of the SAARC nations have ratified the Paris 

Agreement (COP21) declaring Intended Nationally Determined Contributions (INDCs) to tackle climate 

change. 

The transportation sector is observed to be one of the most energy intensive and polluting sectors in the 

SAARC region and continues to be one of the largest oil consuming sectors with transport fuels 

accounting for significant shares of the total petroleum and diesel consumption. The increased use of oil 

in the transport sector has also increased the import dependency of the SAARC states, which not only 

increased GHG emission, but also has substantial impact on the energy security of the countries. 

Considering this, the SAARC states have undertaken various initiatives and introduced policies towards 

transformation of the transportation sector by replacing the fossil fuel run vehicles with electric vehicles, 

which have very efficient drive mechanisms. The dilemma for some of these nations (that do not have 

ŘƻƳŜǎǘƛŎ άŦǳŜƭǎέ ŦƻǊ ŜƭŜŎǘǊƛcity generation ς Coal, Hydro, Gas) is the imported fuel consumption cannot 

be reduced substantially.  

SAARC Energy Centre, through the study author India Smart Grid Forum (ISGF), has conducted this study 

to identify and evaluate key enablers of electric vehicle implementation and assess the readiness of 

SAARC member countries in terms of policy, technology, commercial and institutional aspects. Based on 

the assessment, implementable recommendations have been provided to facilitate electric vehicle 

penetration in SAARC member states. An Electric Vehicle Maturity Model (EVMM) has been created to 

assess these parameters. 

Chapter 1 provides the broad objective and scope of the study that includes the assessment of EV 

infrastructure requirement and subsequent formulation of EV implementation plan for the respective 

SAARC member nations in order to ensure sustainable EV deployment in near future. The approach and 

methodology adopted for the assignment is based on comprehensive desk research on the EV 

infrastructure requirement, policy & technology adopted etc. in each of the SAARC member states along 

with the evaluation of international best practices followed and adopted by leading EV markets in the 

world, which are evaluated in the next chapters. This section further emphasizes the limitations or 

constraints faced by the ISGF team in conducting the research in terms of limited project budget, time 

frame, minimal client support, limited data availability etc. 

In Chapter 2, we have provided the detailed socioeconomic overview of the SAARC nations and the key 

drivers for Electric Vehicle deployment which shows that India, Bangladesh, Maldives, Pakistan and Sri 

Lanka, which are high energy intensive countries are mainly dependent on fossil fuels including oil, gas 

and coal to meet their majority of energy requirements. The transport sector, which is one of the major 

drivers of SAARC economies, contributes almost 7% in the respective GDPs of the member states with a 

share of 7% in the overall primary energy consumption and contributes 6% to 27% of total GHG emissions 
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for each SAARC member state. The low energy resource availability, small crude oil refining capacity, 

increasing energy imports and primary energy consumption of the transport sector coupled with surging 

fuel prices, growing GHG emissions and the INDC commitments have been identified as the key drivers 

or the push factors for electrification of transportation sector in the SAARC member states.   

Chapter 3 highlights the current status and forecast of EV implementation in the global context for the 

various vehicle segments considering two scenarios: i) The New Policies Scenario (NPS) and ii) The 

EV30@30 Scenario. This chapter also forecasts the price trajectories for batteries of the different vehicle 

segments. This section also evaluates the policy support provided by the countries leading in EV 

deployment, in terms of subsidies and incentives, which can then be modified and suitably adopted to 

address the potential implications on EV markets in the SAARC nations. 

Chapter 4 discusses various components of EV ecosystem in terms of policy, technology and business 

models that have been adopted globally like types of electric vehicle, charging infrastructure and 

standards, battery types and chemistry, motors etc. This section also evaluates their technical 

specifications, characteristics, designs like specifications of DC charging standards like CHAdeMO, CCS2, 

GB/T etc., battery specifications of different lithium ion batteries and their pros and cons. In addition, 

various business models like aggregator model, integrated infrastructure model, independent e-mobility 

model and EV related policies innovative tariff structures adopted by various utilities across the world 

have also been evaluated to understand their requirement and benefits which will help us to analyse 

their applicability in the SAARC member states to accelerate the EV deployment process. 

Chapter 5 discusses the EV rollout procedure for the top 3 global leaders, namely Norway, China and 

USA and evaluates the cases of Oslo, San Jose, San Francisco, Los Angeles, Shanghai, Shenzhen and 

Beijing in terms of metropolitan population, total electric vehicle sales, Electric vehicle share of total 

vehicle sales, electric vehicle sales share relative to country average, public electric vehicle charge points 

per million people, Grid CO2 emissions, financial incentives, non-financial incentives, charging 

infrastructure etc. which have helped us to figure out the key factors responsible for successful EV 

deployment in these countries. 

Chapters 6 to Chapter 13 assess the existing scenario in terms of policy, automobile industry, EV initiative 

etc. in each of the SAARC member states and provides key recommendations related to above 

mentioned parameters based on Electric Vehicle Maturity Model Assessment.  

The study author India Smart Grid Forum has developed an Electric Vehicle Maturity Model (EVMM) to 

assess the readiness of each of the SAARC member states for EV adoption in terms of policy, 

infrastructure, technology, institutional structure, market dimensions, customer willingness etc. which 

will help the concerned stakeholders including concerned ministry, transport utilities etc. to identify and 

implement the required steps that need to be taken in phases to ensure sustainable EV adoption across 

the country. 

The EVMM is a new framework formulated by ISGF for assessing the EV readiness of cities/countries and 

preparing EV Rollout Roadmaps. EVMM is structured across eight categories, including vision, policy and 

regulation; institutional capacity, automotive sector, electrical infrastructure, incentive, EV technology, 
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value chain integration, customer, social and environmental and 6 Levels of maturity to assess the 

preparedness and measure the progress of the cities/countries in each of the respective domains. 

Based on the assessment using EVMM framework, the recommendations for various steps that need to 

be taken by the SAARC member states in different phases till 2030 for electrification of transport sector 

are presented in this report. Policy actions include the launching of national EV mission with clear 

implementation plan and fixed targets, setting up of nodal agency through the collaboration of relevant 

ministries, local municipalities/city governments and other stakeholders for overseeing the EV 

implementation process, attractive FDI policy, provision of incentive mechanisms like subsidised loans, 

reduced tax, creation of EV-only areas, etc. In addition, appropriate business models for EV and EVSE 

rollout have also been recommended along with the activities that power utilities need to undertake to 

support the EVSE deployment process in terms of upgradation to the electricity infrastructure, effective 

grid management etc. 

Figure 1: The Eight Domains and Six Levels of the Electric Vehicle Maturity Model 

 

The electrification of the transport sector in SAARC member states will lead to direct benefits like 

reduced GHG emissions, improved air quality, creation of business opportunities in automotive sector 

and subsequent increase in employment opportunities, improved electrification rate, affordable 

transport etc. In addition, this will not only allow the member states to reduce their fuel imports but will 

also facilitate in diverse usage of fuel besides transportation, thus positively impacting the economies of 

the respective SAARC countries. More importantly, the transport sector can be insulated from price 

fluctuations in the international oil market. 
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1. Introduction and Scope of the Report 

1.1 Introduction 

The concern for increase in greenhouse gases and transition to low carbon economy has been 

acknowledged by several countries which led to the signing of Paris Agreement in December 2015 that 

envisaged limitation of global temperature rise to two degrees Celsius above pre-industrial levels. The 

Agreement was signed by 195 countries and ratified by 148 countries, who also agreed to maintain and 

communicate Intended National Determined Contributions (INDCs) along with action plans that they 

intended to achieve in the long term. Latest approach towards decarbonisation is to electrify all sectors 

to the extent possible including agriculture and transport; and decarbonize the electricity sector through 

mainstreaming renewable energy and energy efficiency. So, energy production, energy consumption and 

transport are sectors identified for priority action plans.  Rapid increase in fuel consumption for urban 

mobility fuelled by accelerated urbanization and economic growth has already deteriorated the air quality 

in hundreds of cities around the world.  

South Asian Association of Regional Cooperation (SAARC) countries comprising of the large cities in 

India and Pakistan are already the worst in terms of air quality in the world. SAARC countries are mainly 

dependent on imported crude oil and oil products, with transportation sector registering highest 

consumption of oil products. The increased dependency on imported crude oil and oil products is a 

serious worry for these countries in terms of energy security.  For example, Bhutan imported 170 million 

litres of oil and petroleum products in 2016, mostly for the transport sector and oil import is at the top 

spot in monetary terms among the import list in Maldives (USD 227 million).  

Figure 2: Share of Transport Sector in Consumption of Oil and Petroleum Products 

 

Source: SARI, TERI & GIZ 

Table 1: Share of Transport Sector in GHG Emission 

Therefore, to address the issue of GHG emission and 
to ensure energy security, transportation sector need 
to undergo a significant transformation from oil-
based transport mode to a more environment 
friendly electricity-based system. SAARC countries as 
a party to the Paris Agreement have well 
acknowledged the contribution of transport sector 
and included adoption of Electric Vehicle as a 
prioritized action item in their INDCs. 
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1.2 Study Objective and Scope 

SAARC Energy Centre awarded the Study on άLƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ 9ƴŀōƭƛƴƎ 9ƴǾƛǊƻƴƳŜƴǘ ŦƻǊ wƻŀŘ 9ƭŜŎǘǊƛŎ 

¢ǊŀƴǎǇƻǊǘ ƛƴ {!!w/ aŜƳōŜǊ {ǘŀǘŜǎέ ǘƻ LƴŘƛŀ {ƳŀǊǘ DǊƛŘ CƻǊǳƳ in June 2018. 

The objective of this study is to identify and evaluate key enablers for transition to electric mobility and 

assess the readiness of SAARC member countries in terms of policy, technology, commercial and 

institutional aspects. Based on the assessment, implementable action points are to be developed to 

facilitate electric vehicle rollout in SAARC member states. 

Figure 3: Study Objective and Scope 

 

1.3 Approach and Methodology 

The approach and methodology adopted for the study is based on comprehensive desk research on the 

EV infrastructure requirement and global EV deployment strategies, along with assessment of electrical 

infrastructure and the ecosystem to support EVs in each of the SAARC member states. International best 

practices and business models were reviewed. The experience of ISGCΩǎ highly qualified experts and 

team members has also been leveraged to carry out extensive analysis and recommendations, which 

has been the key to successful completion of the study in the stipulated time frame. The overall 

approach and methodology are depicted below: 

Figure 4: Study Approach 
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1.4 Limitations 

The broad scope of the study required a detailed analysis to be performed in each of the vehicle segments 

e.g. two wheelers, three wheelers, four wheelers and buses along with technology adoption, electrical 

infrastructure and manufacturing facilities to identify the key activities that have already been 

undertaken and the ones that need to be carried out to facilitate the rollout of electric vehicles in a 

sustainable manner. This required reliable data and information pertaining to policy and regulations, 

ƎƻǾŜǊƴƳŜƴǘΩǎ Ǉƭŀƴǎ and programs, electrical infrastructure, and manufacturing capabilities. Considering 

the requirement, the project faced certain challenges in terms of time and information availability as 

stated below: 

¶ Limited time frame to complete the detailed analysis considering each member state has 

different dynamics in terms of policy, economy, geography, technology adoption, manufacturing 

capabilities etc. and has to be evaluated separately to identify and recommend the key steps that 

need to be undertaken by government and transport authorities in the coming years 

¶ Limited project budget defying the possibility of visiting the key stakeholders in each country to 

gather the necessary information 

¶ Limited support from the transport authorities of the SAARC member states and other 

stakeholders in terms of sharing relevant data for the study 

¶ Owing to limited data received from the primary sources, secondary data gathered from reputed 

sources were relied on, though some of them are older than 5 years. However, caution has been 

taken to avoid inaccuracies to the greatest extent possible  

 
Despite the above limitations, we have attempted earnestly to carry out this study in the allotted 

timeframe with innovative recommendations for rollout of EVs in SAARC nations which we hope the 

countries would find appropriate given their present situations.   
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2. Rationale for E-Mobility in SAARC Nations 

The South Asian Association for Regional Cooperation (SAARC) is an intergovernmental organization 

aimed towards the social and economic development of its member states through regional 

collaboration. It comprises of 8 member states namely Afghanistan, Bangladesh, Bhutan, India, Maldives, 

Nepal, Pakistan and Sri Lanka. Globally all countries are threatened by global warming and climate change 

and are trying to find solutions in collaborative environment. The SAARC countries have united on this 

front to address these issues with mutual cooperation so as to maintain and enforce the socioeconomic 

progress of their respective economies. 

Transition to electric mobility to reduce emission from transport sector is a key action item for SAARC 

nations. Creation of Ψ9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜ LƴŦǊŀǎǘǊǳŎǘureΩ (EVI) is a basic prerequisite for any prioritized action 

plan. Several developed and some developing nations are presently creating the EV charging 

infrastructure and this study seeks to evaluate the necessity, suitability, feasibility and requisite actions 

that must be taken for large scale EV rollout in SAARC nations to realize optimum results. 

2.1 Socioeconomic Overview 

Located between the Equator and the Tropic of Cancer, SAARC region has highly diverse mix of ecologies. 

It occupies a total territorial area of about 5.13 million km2 (3.77% of the world total) with a population 

of 1.73 billion people (23.4% of global population) as of 2017. SAARC also has the greatest population 

density worldwide. India has tƘŜ ƭƛƻƴΩǎ ǎƘŀǊŜ ƻŦ ǘƘŜ ǊŜƎƛƻƴΩǎ ǇƻǇǳƭŀǘƛƻƴ (74%) and area (64%). SAARC is 

experiencing very high levels of population growth that has placed intense pressure on the natural 

resources and environment. Rapid urbanization with limited planning for infrastructure upgrades in the 

region is putting further pressure on precious resources. As of 2017, the urban population in SAARC region 

ƛǎ ŀōƻǳǘ оо҈Φ ¢ƘŜ ǊŜƎƛƻƴΩǎ ǇŜŎǳƭƛŀǊ ƎŜƻƎraphic and climatic conditions make it most vulnerable to the 

adverse effects of climate change. 

Figure 5: Economic Overview of SAARC Region 

 
Source: (UNdata, 2017) (Islamic Republic of Afghanistan, 2017) (CIA The World Fact Book, 2018) 

Economic growth has flourished in recent years, with SAARC registering a cumulative GDP of $2.7 trillion 

with a 6.5% growth rate for the year 2016-2017. At 7.6%, India posted the highest GDP growth among 

the SAARC states, while Afghanistan had a negative growth rate of -2.4%. Transport sector, one of the 

key drivers of economic growth, has risen significantly due to urbanization, industrialization and logistics 
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requirements. The high energy intensity of these sectors has placed great pressure on the energy sector 

of the respective member states to match supply with the demand. 

2.2 Energy Sector Profile 

SAARC nations rely heavily on conventional sources of energy to meet energy demands. Energy demands 

have been rising at rapid pace with the increasing growth of the services and industry sectors. Therefore, 

energy sector expansion is ŀ ƪŜȅ ǇŀǊǘ ƻŦ ǘƘŜ {!!w/ ǎǘŀǘŜǎΩ ŜŎƻƴomic agendas. 

Table 2: Energy Sector Profile of SAARC Countries 

Country 
Installed Power 

Generation 
Capacity (MW) 

Crude Oil 
Imports 

(USD Million) 

Petrol Imports 
(USD Million) 

Diesel Imports 
(USD Million) 

Remarks 

Afghanistan 585 NA 327(2017-18) 16.5(2017-18) 
Electricity imports 
of 5761 GWh from 
neighboring nations 

Bangladesh 15,821 483(2016-17) 3,814(2016-17) - 
Petrol Imports 
include all 
Petroleum products 

Bhutan 1,623 - 25(2016) 82(2016) 
Electricity exports 
of 5372.5 MU 

India 3,46,046 
49,055(Apr-Nov, 

2017) 
7,624(Apr-Nov, 2017) - 

Petrol Imports 
include all 
Petroleum products 

Maldives 363 - 37.4(2017) 234.4(2017) - 

Nepal 1,070 - 1087.5(2016-17) - 
Petrol Imports 
include all 
Petroleum products 

Pakistan 26,186 1,840.7(2016-17) 4,846(2016-17) - 
Petrol Imports 
include all 
Petroleum products 

Sri Lanka 4,043 587.6(2017) - - - 

Total 4,01,424 - - - - 

Sources: (SAARC Primary Findings) (Power Division of the People's Republic of Bangladesh, n.d.) (National Statistics 

Bureau, Royal Government of Bhutan, 2017) (Ministry of Power, Government of India, 2018) (Ministry of 

Environment and Energy, Republic of Maldives, 2017) (Nepal Electricity Authority, Government of Nepal, 2018) 

(National Electric Power Regulatory Authority, Government of Pakistan, 2017) (Ministry of Power and Renewable 

Energy, Government of Sri Lanka, 2017) (Annual Trade Statistics, Afghanistan, 2018) (Bangladesh Bureau of Statistics 

(BBS), 2017) (Ministry of Petroleum and Natural Gas, Government of India, 2017-2018) (Maldives Monetary 

Authority, 2017) (Economic and Social Statistics of Sri Lanka, 2018) 

Conversion: Google currency convertor, https://transferwise.com/in/currency-converter/btn-to-usd-rate (Central 

Bureau of Statistics, Government of Nepal, 2017) 

2.3 Transport Sector Profile 

Transport (a sub-sector of services), as one of the key drivers of economic growth for the SAARC states, 

has risen significantly due to urbanization, industrialization and logistics requirements. 
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Figure 6: Overview of Transport Sector in SAARC ?? 

 
Sources: (UNdata, 2017) (Islamic Republic of Afghanistan, 2017) (Bangladesh Road Transport Authority, 2018) 

(National Statistics Bureau, Royal Government of Bhutan, 2017) (Ministry of Statistics & Programme 

Implementation, 2017) (SYNODE ADVISORY Private Limited) (Pakistan Economic Survey 2015-2016) (Ministry of 

Transport & Civil Aviation, Government of Sri Lanka, 2017) (Energy Statistics Yearbook, 2015) 

2.4 Key Drivers for EVs in SAARC Nations 

2.4.1 Limited Availability and Depleting Fuel Resources 

Despite being rich in natural resources, the supply of energy resources is dispersed in the SAARC region. 

Afghanistan, Bhutan, India and Nepal have an abundance of hydropower. India and Bangladesh possess 

large deposits of coal. However, the region is poor in oil and gas, which services a significant portion of 

the energy demand in the SAARC nations. This poses a considerable strain on the available resources and 

a consequent overreliance on imports to meet the energy requirements of the SAARC economies.  

Table 3: Proven Fossil Fuel Reserves in SAARC Member States 

Country 
Proven Crude Oil 

Reserves (Million Barrels) 

Proven Natural Gas 

Reserves (BCM) 

Proven Coal Reserves 

(Million Tonnes) 

Afghanistan - 50 - 

Bangladesh 20 196 3300 

India 4500 1200 97728 

Pakistan 350 542 3064 

Sri Lanka 150 - - 

Sources:  (BP Statistical Review of World Energy June 2018) (CIA The World Fact Book, 2018) (IRADe) 

Furthermore, refining and storage capacities of crude oil in SAARC nations are small compared to the 

large consumption rates, leading to expensive imports of refined products also. 

Figure 7: Refining Capacities of some SAARC Member States 

 
Sources: (Eastern Refinery Limited) (Petroleum Planning & Analysis Cell) (BP Statistical Review of World Energy 

June 2018) (export.gov) 
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2.4.2 GHG Emissions from the Transport Sector 

Global energy consumption by transport sector and the corresponding emissions are forecasted to 

increase by 50% by 2030 after which, they will be more than twice till  2050 in the business as usual (BAU) 

scenario. The transport sector accounts for more than 50% of world oil consumption and nearly 25% of 

ŜƴŜǊƎȅπǊŜƭŀǘŜŘ carbon dioxide emissions. According to a study conducted by ADB, a 3 to 5 times increase 

in carbon dioxide emissions from transportation sector is likely in Asia till  2030 relative to 2000, in BAU 

scenario. 22% share of the total global CO2 emissions in 2012 was contributed by the transport sector of 

which about 16% was contributed by the road transport sector. This is driven by the anticipated increase 

in the number of light-duty vehicles and trucks by 6-8 times. In terms of GHG emissions in South Asia, 

ADB has estimated that the emissions will reach a staggering, 244.7 million tonnes of CO2 in 2030, which 

is an increment of more than 4 times compared to the 2005 levels. Out of which, the transport sector 

contributed 15.9 million tonnes CO2 in 2005. It has been estimated that the share of GHG emissions from 

transport sector will exceed 46.7 million CO2 by 2030.1 

2.4.3 Volatility in Oil Prices 

Historically oil prices have been fluctuating 

arbitrarily in the international markets, which 

was more rampant in the last decade. As a 

significant share of GDP of the SAARC nations is 

spent on fuel imports every year, so their 

annual budgets get huge shocks from random 

price fluctuations, leaving them to cut down on 

investment in infrastructure and social sectors. 

By transitioning to electric mobility, the 

transport sector can be insulated from price 

shocks from the oil market. Electricity prices are 

more stable and electricity from renewable 

resources like solar and wind are almost stable for 

25+ years. 

2.4.4 Deteriorating Air Quality 

Large cities in all SAARC countries suffer from the poor air quality resulting in millions of deaths every 

year. There are hundreds of cities in SAARC countries where air pollution is very serious and road 

transport sector is a significant contributor to the pollution. Introduction of EVs and replacing the present 

internal combustion engine (ICE) based vehicle fleet in a phased manner is being considered by 

governments in some of these countries. 

2.4.5 INDC Commitments 

All the SAARC nations have declared their INDCs and reduction in emissions from the transport sector is 

a key item in their prioritized action plans. The unique geographical location of the SAARC region leaves 

it highly prone to adverse effects of climate change. All the SAARC member states have ratified the Paris 

Agreement and declared their respective INDCs. Afghanistan, Bhutan, Bangladesh, India, Maldives, 

Pakistan and Sri Lanka have set specific conditional and unconditional GHG emission targets based on 

either business as usual or projected scenarios. 

 
1 Low Carbon Strategy for the Transport Sector, Republic of Maldives 

Figure 8: Oil Price Elasticity of GDP 

Source: World Bank staff calculations 
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Figure 9: INDC Commitments of SAARC Member States 

 

 
 

Apart from the GHG targets, the SAARC states have also declared certain non-GHG targets that are aimed 

towards achieving the goals of Paris Climate Agreement. Behavior modification and opportunities for the 

establishment of renewable and alternative energy sources have been declared by Afghanistan for 25% 

of the rural populace. Bangladesh has ŘŜǾŜƭƻǇŜŘ ŀ ƳƛǘƛƎŀǘƛƻƴ ǎǘǊŀǘŜƎȅ Ψ.ŀƴgladesh Climate Change 

{ǘǊŀǘŜƎȅ ŀƴŘ !Ŏǘƛƻƴ tƭŀƴ ό../{!tύΩ ŀƴŘ ŀƭǎƻ ǎǘŀǘŜŘ ŀŘŘƛǘƛƻƴŀƭ ƳƛǘƛƎŀǘƛƻƴ ŀŎǘƛƻƴǎ ƛƴ ƛǘǎ Lb5/ ǘƘŀǘ ƛƴŎƭǳŘŜ 

the ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ άплл a² ƻŦ ǿƛƴŘ-ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅ ōȅ нлолΣέ ŀƴŘ άмллл a² ƻŦ ǳǘƛƭƛǘȅ-scale solar 

ǇƻǿŜǊ Ǉƭŀƴǘ ōȅ нлолέΦ .Ƙǳǘan has committed to preserve forest cover for at least 60 percent of total land 

ŀǎ ǇŜǊ ǘƘŜ YƛƴƎŘƻƳ ƻŦ .ƘǳǘŀƴΩǎ /ƻƴǎǘƛǘǳǘƛƻƴΦ ¢ƘŜ ŎǳǊǊent forest cover is 70.46% of total land, for which, 

sustainable forest management as well as conservation of environmental services are the steps that 

Bhutan has declared to implement. India has a detailed climate action plan that involves an ambitious 

renewable energy target, grid modernization and rollout of millions of electric vehicles. Nepal has set 

targets through its National Rural and Renewable Energy Program and plans to maintain 40% forest cover. 

Sri Lanka has set renewable integration and 32% forest cover target

ω13.6% reduction in GHG emissions by 2030 compared to a business as usual (BAU) 
scenario, conditional on external support

Afghanistan

ω5% to 15% (conditional) reduction in GHG emissions by 2030 compared to the BAU 
levels

Bangladesh

ωRemain carbon neutral where GHG emission will not exceed sequestration by 
forests, estimated at 6.3 million tons of CO2

Bhutan

ω33% to 35% reduction in the emissions intensity of its GDP by 2030 compared to 
2005 level

India

ω10% up to 24% (conditional) reduction in GHG emissions for the year 2030 
compared to the BAU scenario

Maldives

ωBy 2050, Nepal to decrease fossil dependency of transport sector by 50% and 
increase electric vehicles share to 20% from 2010 level

Nepal

ωUp to 20% reduction in GHG emissions by 2030 compared to the projected GHG 
emissions

Pakistan

ω4% to 20% (conditional) reduction in GHG emissions from energy sector, and 3% to 
10% (conditional) from transport, industry, forests and waste by 2030 wrt BAU

Sri Lanka

Sources: (Islamic Republic of Afghanistan, 2015) όDƻǾŜǊƴƳŜƴǘ ƻŦ ǘƘŜ tŜƻǇƭŜΩǎ wŜǇǳōƭƛŎ ƻŦ .ŀƴƎƭŀŘŜǎƘΣ нлмрύ 

(Royal Government of Bhutan, 2015) (Government of India, 2015) (Government of Maldives, 2015) 

(Government of Nepal, 2016) (Islamic Republic of Pakistan, 2016) (Government of Sri Lanka, 2016) 
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3. Global EV Outlook 

The electric vehicles (EV) market grew exponentially in the past few years with EV stock crossing 5 million 

units globally by December 20182. Most of the action is in China which accounts for about half of the EV 

sales followed by USA and Western Europe. EVs as percentage of total automobiles: Norway, Iceland and 

Sweden hold the top three spots, accounting for sales shares of 39%, 11.7% and 6.3% in their respective 

markets in the year 2017. Apart from electric cars, electrification of other transport modes has also picked 

up pace, in particular for two-wheelers and buses. In 2017, sales of electric buses were about 100,000 

and sales of two-wheelers are estimated at 30 million; China had the highest share for both electric two-

wheelers and electric buses sales. 

Figure 10: Electric Vehicles - Global Stock and Sales 

 

 

 

3.1 Future Growth Patterns 

The New Policies Scenario:  

Governments across the world have developed several policies and regulations to promote EV adoption. 

Along with these, several plans have also been launched with defined targets. The New Policies Scenario 

calculates the projections for EV uptake based on the existing policy interventions. 

The EV30@30 Scenario: 

According to the IEA, the Electric Vehicles Initiative (EVI) is ŘŜǎŎǊƛōŜŘ ŀǎ άa multi-government policy forum 

dedicated to accelerating the introduction and adoption of electric vehicles worldwide. In 2010, EVI was 

one of several initiatives launched under the Clean Energy Ministerial (CEM), a high-level dialogue among 

9ƴŜǊƎȅ aƛƴƛǎǘŜǊǎ ŦǊƻƳ ǘƘŜ ǿƻǊƭŘΩǎ ƳŀƧƻǊ ŜŎƻƴƻƳƛŜǎΦ 9±L ƳŜƳōŜǊǎ ƛƴŎƭǳŘŜ /ŀƴŀŘa, Chile, China, Finland, 

 
2 https://en.wikipedia.org/wiki/Electric_car 

Annual  Electric Car sales 
registered a milestone of 1 
million in 2017

Global Electric Car Stock 
stands at over 5 million in 
December 2018

Largest Stock is in China-
40%of global total

Global Electric Bus Sales was 
100,000 in 2017

Global Electric Bus Stock 
stands at 370,000  in Dec 
2017

Chinahas the highest share -
over 99%

Global Electric 2 Wheeler 
Sales were 30 million in 2017

Global Electric 2 Wheeler 
Stock stands at 250 million

Chinahas the highest share -
over 99%

There are almost 3 million 
private chargers at residence 
and workplace, globally.

Public Slow Charger Outlets: 
0.32 million

Public Fast Charger Outlets: 
0.11 million

Chinahas almost 0.36 million 
private chargers for fleets

Source: (Global EV Outlook 2018) 
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France, Germany, India, Japan, Mexico, the Netherlands, New Zealand, Norway, Portugal, Sweden, the 

United Kingdom and the United States. The IEA is the EVI Coordinator. 

Electric Vehicle Initiative nations have set a target of achieving 30% market share of EVs for LDVs, buses 

and trucks collectively as per their EV30@30 Campaign Declaration. Few steps have been included as part 

of this campaign, which includes deployment, policy research, training and capacity building support and 

provision of technical assistance to the EVI nations. The projections for the EV30@30 Scenario have been 

made accordingly. 

Table 4: Growth of EVs under Different Policy Scenarios 

New Policy Scenario 

Vehicle Type 2020 2030 

Two and Three Wheelers NA 455,000,000 

Light Duty Vehicles 12,000,000 125,000,000 

Buses NA 1,500,000 

Total - 581,500,000 

EV30@30 Scenario 

Vehicle Type 2020 2030 

Two and Three Wheelers NA 585,000,000 

Light Duty Vehicles NA 220,000,000 

Buses NA 4,500,000 

Total - 809,500,000 

Source: (Global EV Outlook 2018) 

 

3.2 Battery Technologies and Price Trajectory: 

3.2.1 Current Status 

The Lithium-ion battery (LiB) technology was introduced commercially in the 1990s. In the initial days the 

energy density was very low and prices were very high ς several thousand dollars per kWh. Since 2010, 

LiBs became more efficient having energy density increased from 25-40 Wh per kg to over 100 Wh per kg 

and prices came below USD 1,000 per kWh. While originally developed for smaller electronic applications, 

the growth in energy density and falling prices have the extended applications of LiBs to electric vehicles, 

energy storage for solar PV applications, battery energy storage systems for electric grid support etc in 

the recent years.  

3.2.2 Battery Chemistry 

All batteries cannot be fast charged. In the battery parlance the C-rate is used to refer the charging rate. 

1C rate refers to full charging in one hour; 2C rate refers to full charging in 30 minutes; and 10C refers to 

full charging in 6 minutes. And C/2 means two hours to fully charge. Maximum rate at which various types 

of batteries can be charged are given in the table. 
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Table 5: Types of EV Batteries and their Features 

Battery Chemistry 
Max C 
Rate 

Max 
Temperature 

(oC) 

Life (Maximum 
Cycles) 

Power Density 
(Wh/kg for cell) 

Average Module 
Price (US$/kWh 

in 2018) 

Li Ion Iron Phosphate 
(LFP) 

Up to 2C 40 1500-3000 100-130 Wh/kg 270 

Li Ion- Nickel Manganese 
Cobalt (NMC 811) 

C/2 40 1000-2000 230-250 Wh/kg 250 

Li Ion- Nickel Manganese 
Cobalt (NMC 622) 

3C 40 3000-4000 200 Wh/kg 400 

Li Nickel Cobalt 
Aluminium (NCA) 

2C 40 1000-1500 250-270 Wh/kg 230 

Lithium ion Titanate 
Oxide (LTO) 

6C 60 7500-10000 50-80 Wh/kg 700 

Source: (ISGF White Paper Electric Vehicle Charging Stations Business Models for India, 2018) 

 

3.2.3 Battery Sizes  

 

Since 40-60% of the cost of an electric vehicle is the battery cost, it is very important to choose the right 

size and type of the battery pack suitable for the use of the EV. Cars, 2-Wheelers, 3-Wheelers, Buses and 

Delivery Vans and other types of vehicles for specific usage may select batteries depending on the average 

distance driven daily and the charging infrastructure and philosophy adopted.3 The table below shows 

the typical battery sizes for different types of EVs. 

Table 6: Battery Size Range and Typical Markets for Different Types of EVs 

Vehicle Type Market Battery Size Range (kWh) 

Small-size EVs China 18 to 23 

Mid-size EVs 
China, Europe and 

North America 
20 to 60 

Large-size EVs Global 60 to 120 

 

The standard battery size for buses globally, are 200 kWh and above. This is because greater size batteries 

have a greater cell to pack ratio. The BMS and cooling cost also gets diffused over the capacity, thus 

reducing the specific cost. 

 

 
3 Global EV Outlook 2018 

Cost reductions for 
batteries over the 
period to 2030 are 
likely to stem from 
three main drivers:

Battery sizes are expected to improve to serve longer driving ranges.

Economies of scale will be achieved for battery manufacturing.

Better battery chemistries will be developed with greater energy 
density and lower cobalt dependence.

EV battery pack prices witnessed significant drop from USD 800/kWh to USD 227/kWh during the 

period 2011-2016. Battery prices are predicted to drop further to about USD 140/kWh by 2022. 
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3.2.4 Price Trajectory 

Light-Duty Vehicles 

BatPaC is a Lithium-Ion Battery Performance and Cost Model for Electric-Drive Vehicles. The recent 

penetration of lithium-ion (Li-ion) batteries into the vehicle market has prompted interest in projecting 

and understanding the costs of this family of chemistries being used to electrify the automotive 

powertrain. Additionally, research laboratories throughout the U.S. Department of Energy complex and 

various academic institutions are developing new materials for Li-ion batteries every day. The 

performance of the materials within the battery directly affects the end energy density and cost of the 

integrated battery pack. The development of a publicly available model that can project bench-scale 

results to real world battery pack values would be of great use. This first version of the model, the battery 

performance and cost (BatPaC) model, represents the only public domain model that captures the 

interplay between design and cost of Li-ion batteries for transportation applications. 

Using the BatPaC model, the estimation for cost range of batteries varies between 155 USD/kWh to 360 

USD/kWh. Battery packs for PHEVs will be costlier than BEVs on a per unit energy basis on account of 

their larger pack to cell ratio. Hence PHEV battery cost will be 1.2 times that of BEV batteries. An EV 

battery cost of 100 USD/kWh to 122 USD/kWh was derived by the BatPaC model. The assumptions 

include: άba/уммκƎǊŀǇƘƛǘŜ ŎƘŜƳƛǎǘǊȅΣ ǇǊƻŘǳŎǘƛƻƴ ŎŀǇŀŎƛǘȅΥ тΦр ǘƻ ор D²ƘκȅŜŀǊ ŀƴŘ ōŀǘǘŜǊȅ ŎŀǇŀŎƛǘȅ 

ǊŀƴƎŜΥ тл ǘƻ ул ƪ²ƘέΦ 

Table 7: EV Battery Cost Target 2030 

 Two-wheelers 

Electric two wheelers able to deliver sufficient 

mileage will have a battery size of 1.5 kWh to 4 

kWh. Electric two wheelers are expected to share 

the benefits of economies of scale to offer lower 

battery cost. Electric two wheelers currently have 

a battery cost range of 240 USD/kWh to 550 USD/kWh. It is expected to decrease approximately 50-60%. 

Heavy-duty vehicles 

HDVs cost range will not vary significantly compared with the cost range of electric LDVs. Electric heavy-

duty vehicles require battery packs with a longer lifecycle and the ability to sustain greater charging loads. 

LFP and LTO batteries are hence used for electric HDV application. The larger battery size leads to a 

decrease in the specific battery cost however the expensive battery chemistry compensates for this 

decrease, hence the battery cost for HDVs will most likely be similar to that of electric light duty vehicles. 

3.3 Policy Support to Accelerate EV Rollout in Various Countries 

A number of countries have implemented various fiscal incentives including subsidies, tax benefits and 

others to encourage EV adoption. However, it has been observed that an optimum combination of fiscal 

as well as non-fiscal incentives need to be put in place in order to ensure the success of EV deployment. 

These non-fiscal measures include the development of charging infrastructure, creating greater 

consumer awareness, special EV parking spaces and stricter regulations. 

3.3.1 Purchase Incentives Offered in Different Countries  

Purchase incentives offered in different countries of the world are given below: 

Region 
EV battery cost target 
till 2030 (USD/kWh) 

European Union 93 

tŜƻǇƭŜΩǎ wŜǇǳblic of China 116 

Japan 92 
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China: Electric cars in China enjoy an exemption from acquisition tax and the excise tax, normally based 

on engine displacement and price (Mock and Yang, 2014). The value of the incentives was in the range of 

CNY 35000 ς 60000 (USD 6000 ς 10000) to purchase electric cars (Lutsey, 2015). 

France: In 2013, France began offering purchase incentives of 6300 euros (EUR) (USD 7100) for BEVs (cars 

emitting less than 20 gram of CO2 per kilometre [g CO2/km]) and EUR 1000 (USD 1100) for PHEVs 

(vehicles emitting between 20 g CO2/km and 60 g CO2/km) through its bonus/malus feebate scheme 

(MEEM, 2016a). Scrapping diesel vehicles allows a supplementary bonus of EUR 10000 (USD 11000) for 

BEVs and EUR 3 500 (USD 4 000) for PHEVs (MEEM, 2016b). 

Germany: Germany, in 2016 announced that ICE production and sales will be stopped in 2030. 

Japan: Japan subsidies are based on the price difference between an EV and a comparable gasoline car, 

with a maximum of 850000 yen (about USD 7800). Mock and Yang (2014) indicated that incentives 

amounted to EUR 3000 to EUR 5 000 (USD 3300 to USD 5500) for typical BEVs and PHEVs. 

Netherlands: In Netherlands, as of 2016, cars emitting zero CO2 at the tailpipe are exempt from paying 

registration tax. For other cars there is a differentiated taxation scheme with five levels of CO2 emissions 

with progressively increasing taxation per g CO2/km. PHEVs qualify for the first level (below 80 g CO2/km) 

and pay EUR 6 per g CO2/km. Diesels emitting more than 70 g CO2/km Beyond one million electric cars 

also pay EUR 86 per g CO2/km (EVI, 2016a and Energielabel, 2016). This kind of structure provides 

significant benefits for both BEVs and PHEVs compared with vehicles powered by ICEs, with a steep 

growth for models having ICEs with emissions ratings above 106 g CO2/km. The condition for exemption 

from the registration tax has become stricter since 2013, when it started to be fully coupled with CO2 

emission performances (Energielabel, 2016). 

Portugal: In Portugal, BEVs are exempt from vehicle registration (about EUR 1250, or USD 1400) and 

circulation taxes. Scrapping existing vehicles for a selection of BEVs also entitles buyers to a bonus of EUR 

4500 (USD 5000) (Apambiente, 2016; IMT, 2016). PHEVs are not eligible for specific incentives. 

Sweden: In Sweden, passenger vehicles with emissions levels lower than 50 g CO2/km have been granted 

40000 kronor (roughly EUR 4000 or USD 4400) rebate since 2011. 

United Kingdom: In the United Kingdom, BEVs receive a purchase incentive up to 4500 pounds (GBP) 

(USD 6300) for cars and GBP 8000 (USD 11200) for light commercial vehicles; PHEVs below GBP 60000 

(USD 84000) receive incentives equal to GBP 2500 (USD 3500) (GOV.UK, 2016a). 

United States: In the United States, EVs enjoy tax credits capped at USD 7500 at the national level. PHEV 

models with all-electric ranges (18 km to 40 km) receive credits of USD 2500 to USD 4000; BEV models 

and some PHEV models with relatively high all-electric range (e.g. Chevrolet Volt) receive the maximum 

USD 7500 credit (Lutsey at al., 2015). States also apply purchase incentives (AFDC, 2016). For instance, 

California offers incentives of USD 2500 for EVs and USD 5000 for FCEVs (or more for low-income 

consumers); Colorado offers an income tax credit of up to USD 6000; Rebates of USD 3000 and USD 2200 

are provided on EV purchase by Connecticut and Delaware respectively. The average rebate across the 

various states on purchase of EV is estimated to be approximately USD 1000 for Battery Electric Vehicles 

as well as for Plug-In Hybrid Electric Vehicles.   

3.3.2 Policy, Regulatory and Incentives Support for EV Deployment in South East Asia 

Thailand, Malaysia, and Indonesia have established comprehensive EV policies that take a holistic 

approach to developing the entire EV ecosystem by promoting consumer demand and incentivizing 

private investments across the value chain. Other countries like the Philippines and Singapore do not 
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have integrated roadmaps but they are also pushing EVs through various policy initiatives. E.g., the 

Philippines has taken up the modernization of Jeepneys as the focus project to promote the EVs. 

άThe Future of Electric Vehicles in South East Asia: position paper by Frost & Sullivanέ recognizes the 

following incentives for encouraging people in South East Asia to switch from conventional vehicles to 

EVs: 

 

Apart from the number of incentives discussed, various policies have been suggested that can be adopted 

by policy makers to promote EV and Vehicle-Grid Integration (VGI): 

Figure 11: Some Suggested Policies for Promotion of EV and Vehicle-Grid Integration 

 

3.4 EV Markets in SAARC countries 

The automotive industries in the South Asian countries differ greatly from each other due to differences 

in their respective market demands. India is the leading nation in South Asia in automobile 

manufacturing. India has many domestic automobile manufacturers, prominent of which are Tata 

Motors, Mahindra & Mahindra and Hero MotoCorp; few foreign automobile manufacturers have also 

established their manufacturing factories in India such as Honda, Toyota, General Motors, Ford, BMW, 

Benz, Volkswagen and Hyundai. Apart from these companies, India also has a number of automobile 

components and accessories manufacturers. India achieved an annual automobile production volume of 

4 million and a sales volume of more than 3 million in 2016. Pakistan has a few automobile manufacturing 

facilities; some of the other South Asian nations have automobile assembly plants. Bangladesh also has 

domestic manufacturing units for two and three wheelers. As a result, Pakistan, Nepal, Bangladesh, Sri 

Tax waivers on 
cars

Charging 
Stations in 

Apartments

Priority Lanes 
for EVs

Free Parking Toll Discounts

¶Creatingseparateelectricity tariff for EVchargingthat may be dynamicand concessional
basedon grid situation and useof differential pricing for different times of day and night.
Differentialpricingfor EVchargingmayalsohelp renewableenergyintegrationςsubsidised
rateswhensurplusgenerationfrom REresourceson the grid.

Special EV Tariff

ωDeveloping payment settlement mechanisms for the EV aggregator/owner: An EV
owner/aggregator may be charged with or incentivised on basis of net consumption
(import-export). The payments for grid servicing can be done through cash or
mobile/internet-basedpaymentgateway(e.g. prepaidcardsissuedby Utilities/third parties,
Credit/Debitcards,Mobile wallets,Rewardpoints).

Payment Settlement Mechanism

ωAdequateinfrastructureof chargingstations,alsocalledElectricVehicleSupplyEquipment
(EVSE),is a key enabler for EVadoption and Vehicleto Grid Integration. An EVSEcan be
coupledwith interoperablecommunicationandnetworks,to enableoperatorsandEVswith
cost-effective managementservicesand ease their integration with grid management
systems. Suchfeatureswill ensureutilities and ownersto eliminatestrandedassets,which
can result from proprietary technologies. Open standardssuch as Open ChargePoint
Protocol(OCPP)for EVSEnetwork management,canbe usedto managethis requirement.
Technologyintegratorscanaccessdata to provide innovativesolutionssuchthe availability
of the nearestchargingstation,chargingcosts,trackenergyusage,etc.

Robust EVSE Infrastructure
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Lanka and Bhutan depend heavily on vehicle imports.4 Similar circumstances have been observed for 

Maldives and Afghanistan. Electric Vehicle adoption would require the automotive industries in the 

respective SAARC nations to undergo transformation. 

3.4.1 Automotive Manufacturing 

Except for India, the automotive manufacturing capacities of other SAARC nations are presently quite 

modest. For EV adoption, these countries will have to establish and improve their automotive industries 

otherwise they will have to rely on expensive EV imports. For developing the EV industry, the countries 

will have to first promote foreign direct investment (FDI) for EV manufacturing; collaborations or joint 

ventures can be setup between local car manufacturers, automobile dealers and automobile assembling 

companies. India has an EV manufacturersΩ association SMEV (Society of Manufacturers of Electric 

Vehicles) that acts as a knowledge sharing platform and a collective voice of the manufacturers to inform 

the government on EV manufacturing concerns such as prices, taxes, standards, etc. Other nations can 

encourage similar associations in their respective countries. The countries will have to setup a committee 

to identify and adopt or prepare the requisite standards for the EV equipment including EV components 

and the charging infrastructure. The nations will have to work towards developing various financial 

instruments and business models for promoting EV manufacturers; the countries can launch domestic 

electric vehicle manufacturing initiative or scheme for this purpose with a combination of funding 

allocation and technology development.  

3.4.2 Skilled Labour and Infrastructure 

Automobile manufacturing facilities in SAARC nations will have to augment their workforce through 

training and capacity building programs to meet the skilled labour needs of EV manufacturing. One of the 

business models used for EV charging infrastructure involves the OEMs as the main operators. This would 

require the OEMs to train their personnel for both EVs as well as charging infrastructure operation and 

maintenance. Along with charging stations, the allied infrastructure such as transport facilities, electricity 

distribution and communication for information transfer will have to be built by the SAARC countries in 

order to nurture EV technology in their respective markets. 

3.4.3 Import Strategy 

Presently China, Europe and the US are the hub for EV technology; until proper EV manufacturing facilities 

are established in the SAARC nations, they will have to rely on EV and EVSE imports from the 

aforementioned countries. Depending on the needs of the specific country, the import strategy can be 

designed and the imports can be phased out over time as the manufacturing capacity grows to a sufficient 

state in the given country. The basic import strategy outline that can be followed is: initially, the imports 

can include electric vehicles and the charging equipment, for which, relaxation on import duty can be 

provided; the next stage could include battery imports while the vehicle components and vehicle charging 

equipment is locally manufactured through JVs between foreign companies and local manufacturers. Li-

ion batteries are the market favourite for the latest versions of EVs launched globally and manufacturing 

of batteries is very large investment. However, SAARC countries could offer incentives for battery pack 

assembly by importing battery cells.

 
4 Automobile Industry Forecast to 2021: India, Pakistan, Bangladesh, Nepal, Sri Lanka and Bhutan 
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4. EV Infrastructure and Policy/ Regulatory Support for EV Rollout in 

SAARC Countries 

With advancements in technology and growing consumer awareness, EVs have become more 

mainstream over the past few years. Given this trend, it is expected that EVs will be the largely preferred 

alternative in the future, overtaking demand for ICE vehicles.5 

Figure 12: EV Components 

 

4.1 EV Types6 
Different types of EVs are described in the section. 

4.1.1 Hybrid Electric Vehicle (HEV) 

The HEVs have both an internal combustion engine as well as an electric battery powered engine built 

within the vehicle. The electric propulsion system is employed in conditions of greater power demand. 

The internal combustion engine operates for longer drives. There is also an option to operate both 

engines simultaneously to improve the vehicle performance. Turbocharged cars are designed as HEVs in 

order to resolve issues of turbo lag. The HEV systems also have the ability to manage power gaps that 

occur between gear shifts and providing speed boosts when necessary. The internal combustion engines 

in the HEVs can also be used to replenish the car battery when required. Newer HEV models have also 

incorporated regenerative braking mechanism in their designs. 

4.1.2 Plug-in Hybrid Electric Vehicle (PHEV) 

Plug-in Hybrid Electric Vehicles (PHEV), similar to HEVs, employ combination of internal combustion 

engine as well as electric battery powered engine. However, unlike HEVs, the electric power train is the 

primary engine, with the internal combustion engine being used mostly for as a backup, for providing 

boost and emergency charge to the battery or ŦƻǊ άǊŀƴƎŜ-ŜȄǘŜƴǎƛƻƴέ ǇǳǊǇƻǎŜΦ PHEVs, as their name 

suggest, can be plugged into the power grid for charging the battery. Hence, they have lower fuel 

consumption, fewer GHG emissions and lower operating cost. Chevrolet Volt and Toyota Prius are the 

most common PHEV models available in the market. 

 
5 Electric Vehicle Charging Technology Analysis and Standards 
6 A Comprehensive Study of Key Electric Vehicle (EV) Components, Technologies, Challenges, Impacts, and Future Direction of 

Development 
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4.1.3 Battery Electric Vehicle (BEV) 

Battery Electric Vehicles (BEV) are powered exclusively with electric battery packs. On account of this, the 

BEV mileage is directly proportional to the energy stored in the battery. The average range for BEVs is 

100 to 250 km, while the latest models have a range of 300 to 500 km, on single charge. These ranges 

depend on a number of parameters including the battery specifications, region of operation and vehicle 

usage. In comparison to ICE vehicles, the BEVs have a longer refueling time. BEVs are eco-friendly, have 

simplistic design and reliable in operation. The BEV engines provide instantaneous and high torques, even 

at lower velocities. These vehicles are considered ideal fit for urban driving conditions. Nissan Leaf and 

Tesla are the most popular BEVs available in the market. In recent years, a few Chinese BEVs have also 

begun to capture sizeable market share. 

4.1.4 Fuel Cell Electric Vehicle (FCEV or FCV) 

Fuel cells act as the primary energy source for FCEVs. Hydrogen is the most commonly used fuel in modern 

FCEVs. Batteries or supercapacitors are used to store the extra electricity generated by the fuel cells. 

FCEVs available in the market mostly fit batteries in the vehicle. Water is produced as the waste in the 

FCEVs. This is discharged from the vehicle through tailpipes. FCEVs have the greatest potential for 

reducing GHG emissions. FCEVs have a refueling time that is nearly equal to that of ICE vehicles. However, 

fuel cells cost over $200 per kW, which is more than four times the ICE cost. Plus, the number of hydrogen-

refueling stations are very less and almost non-existent in SAARC countries. 

Table 8: Comparison of Different Types of EVs 

Technology/Protocol BEV HEV PHEV FCEV 

Propulsion Electric Motor 
ICE/ Electric 
Motor 

ICE/ Electric Motor Electric Motor 

Battery Charging Plug-in 
Regenerative 
Breaking/ICE 

Plug-in Fuel Cell Energy 

Fuel Electricity Petrol/Diesel Petrol/Diesel/Electricity Hydrogen 

Infrastructure 
Electric Charging 
Facilities 

Refueling 
Stations 

Refueling Stations & 
Electric Charging 
Facilities 

H2 Production and 
Transportation 
Facilities 

Tailpipe Emissions No Low Low No 

Features 

¶ High efficiency 

¶ Oil independent 

¶ Commercially 
available 

¶ Low emission 

¶ Better fuel 
economy than 
ICE vehicles 

¶ Commercially 
available 

¶ Long range 

¶ Low emission 

¶ Better fuel economy 
compared to ICE 
vehicles depending 
on motor use and 
driving cycle 

¶ Commercially 
available 

¶ High energy 
efficiency 

¶ Oil independent 

¶ Under 
Development 

Challenges 

¶ High cost 
compared to ICE 
vehicles 

¶ Lack of charging 
infrastructure 

¶ Relatively short 
range 

¶ Battery and 
battery 
maintenance 

¶ High cost 
compared to 
ICE vehicles 

¶ Battery sizing 
and 
management 

¶ Longer Range 

¶ High cost compared 
to ICE vehicles 

¶ Battery sizing and 
management 

¶ Lack of charging 
infrastructure 

¶ Longer range 
compared to 
conventional hybrids 

¶ Fuel Cell cost, 
reliability, safety 

¶ Hydrogen 
infrastructure 
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4.2 Charging Infrastructure 

The EV charging infrastructure comprises of the following: 

¶ Electricity supply infrastructure - transformers, meters, panels, conduits and wires that is 

required to provide reliable electricity supply to the vehicle chargers. 

¶ Electric Vehicle Supply Equipment (EVSE) ς charging stations or EVSE supply either AC or DC 

power to the EVs. EVSE networking enables efficient EV charging and other services among EVSE 

owners and EV drivers 

¶ EVSE and EV integration for automated communications and EV identification 

¶ EVSE/EV communication with electricity service provider and/or grid operators for effective 

monitoring and management of EV, as a grid resource 

4.2.1 EVSE Types7 

There are two basic options for charging an electric vehicle: wired or conductive charging and wireless or 

inductive charging. Considering that the wireless charging is still in early stages of development and 

widespread acceptance, the focus is on wired charging. Wired charging is primary option wherein 

commercially ready solutions are widely available for EVs and EVSEs. The EVSEs are classified into several 

types and categorized by the current flows and the power ratings at which the EV batteries are charged. 

The EVSE current follows are categorized, as alternate current (AC) and direct current (DC) charging. 

Charging with AC is used for low- and medium-power charging at homes and offices or workplaces, and 

at public spaces. Charging with DC is used for fast-power and are called DC Fast Charging (DCFCs), AC 

Pulse Charging (ACPC) enabled through the deployment of Ultra Capacitors are also capable of fast 

charging. The global deployments of public charging infrastructure are dominated by AC chargers and 

DCFCs. The advantage of Pulse Charging is that the grid power supply intake is much less even though the 

DC pulse charge (often less than a second) can be twice as much as DCFC levels. Considering that all EV 

batteries require DC power to be charged, the grid-supplied AC power has to be converted to DC. An AC-

DC convertor is needed to charge the battery using grid power. In the AC charging, the AC-DC converter 

is on-board the EV, while the DCFC and the ACPC have AC-DC converters and supply DC directly to the 

battery in the EV. For higher power DC charging, a more expensive and heavier AC-DC converter is needed 

which is not economical and efficient to be placed inside EVs. These converters are therefore 

incorporated in the EVSEs and DC power is delivered to the EV. The same is true of Pulse Chargers as well. 

Table 9: EV Charging Type 

Power Levels 
Grid Voltage/Current (in 

Amperes) Input 
DC Power to Battery (kW) Applicable Vehicles 

AC Level 1 108-120V/15-20A ~1.4 to 2.4 2W, 3W, 4W 

AC Level 2 208-240V/>=30A ~7.2 to 19 3W, 4W 

DC Level 3 (DCFC) 400-800V/>=120A >=50 (up to 150) 4W, LDV, HDV 

AC Level (ACPC) 400V/60A 450-600 HDV 

 

The EVSE types vary for each type of EV. E.g. 4W primarily use dedicated EVSEs in non-residential 

charging, while buses can be charged with overhead (pantograph based) charging. While the power 

standards for EVSEs are mature for 3W, 4W and LDVs, the same is still evolving for bus and track charging 

infrastructure. It may be noted that battery chemistry dictates the limitations to the type of charging 

 
7 Implementation Plan for Electrification of Public Transportation in Kolkata 
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method and charging speed. While this is taken care in the case of the AC Level-1 and Level-2 chargers 

(with on board AC-DC converters), in all other cases where the charger converter is external to the vehicle, 

the selection of third-party chargers needs careful consideration of battery chemistry used in different 

types of EVs. 

4.2.1.1 EVSE Power Standards 

For both AC and DC charging, multiple plug designs and charging modes have been developed and 

deployed throughout the world. Some of these major charging standards are described in this section: 

a. Modes 

The charging mode refers to power levels that charger and its connectors are rated for. IEC 61851-1 

/ƻƳƳƛǘǘŜŜ ƻƴ ά9V ŎƻƴŘǳŎǘƛǾŜ ŎƘŀǊƎƛƴƎ ǎȅǎǘŜƳέ Ƙŀǎ ŘŜŦƛƴŜŘ п aƻŘŜǎ ƻŦ ŎƘŀǊƎŜǊǎΣ ŎƻƴŎŜǊƴƛƴƎΥ 

¶ Mode 1: slow charging from a household-type socket-outlet in AC 

¶ Mode 2: slow charging from a household-type socket-outlet with an in-cable protection device in 

AC 

¶ Mode 3: slow or fast charging in AC using a specific EV socket outlet with control and protection 

function installed 

¶ Mode 4: fast charging using an external charger in DC 

b. Plug Type 

i. AC Charging Stations (AC EVSE) 

Both 3 and 4 wheelers can primarily use the AC EVSEs, depending on the EV manufacturer 

recommendations. The IEC committee has defined three types of socket outlets: 

¶ IEC 62196-н ά¢ȅǇŜ мέ - single phase vehicle coupler - reflecting the SAE J1772/2009 automotive 

plug specifications 

¶ IEC 62196-н ά¢ȅǇŜ нέ - single and three phase vehicle coupler - reflecting the VDE-AR-E 2623-2-2 

plug specifications 

¶ IEC 62196-н ά¢ȅǇŜ оέ - single and three phase vehicle coupler with shutters - reflecting the EV 

Plug Alliance proposal 

ii. DC Charging Stations (DC EVSE) 

Both 4W and buses can primarily use DC EVSEs, depending on the EV manufacturer recommendations, 

based on the battery chemistry. There are four standards for DCFCs in practice today as briefed below: 

CHAdeMO: Japan set up the CHAdeMO Association (Charge de Move) few years ago. CHAdeMO 

charging station can only be used for cars with a matching CHAdeMO inlet and it is not possible to 

use alternative cables such as for AC charging. The plug design is however not (yet) recognized as 

such by the IEC even though its power and safety ratings comply with the IEC 62196 norms. A major 

drawback of the CHAdeMO standard is that it prescribes a separate vehicle inlet that is used for DC 

charging exclusively. The CHAdeMO equipment is typically rated for 125 A and 500 V DC, which 

translates to 62.5 kW. Recent models offer up to 400 kW DC output (1000 V, 400 A).  

Combined Charging System (CCS): The Combined Charging System (CCS) was developed by the 

Society of Automotive Engineers (SAE) for EVs with DC charging requirements. Similar to CHAdeMO, 

the CCS-supported EVSE can only be used for cars with a matching CCS inlet. There are two versions 

of the CCS connector: (1) the U.S. version combines the Type 1 Yazaki AC design with the additional 

DC pins, and (2) the European version combines the DC pins with the Type 2 Mennekes AC design. 

Type 1 is rated up to 200 A and 600 V which translates to 120 kW peak power. European Type 2 is 

rated at 200 A and 850 V, which gives 170 kW peak power. Latest models offer up to 400 kW. 
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GB/T: The Chinese standard GB/T 20234 chargers are rated at 250 A and 750 V, which offers 187.5 

kW capacity. This standard is yet to be accredited by the international standards development 

organisations. 

Tesla SuperCharger: Tesla began charging from 90 kW level, then increased to 135 kW in North 

America. The connector in North America is unique. Tesla SuperChargers in Europe have a different 

connector which looks like Level 2 AC connector. 

Table 10: EV Charger Types 

Charger Types & 

Sockets 
Picture 

Origin and Popular EV 

Models 

Max Power Output and 

Communication 

Protocols 

A. AC Chargers 

Type-1 with Yazaki 

Socket 

 

Japan, USA (uses 

separate standard ς 

JSAE 1772 due to 110V)  

Up to 7.4 kW (32 Amps, 

Single Phase)  

Type-2 with Mennekes 

Socket 
 

Manual 3 phase AC at 

high powerτSAE J-

3068 

Up to 44 kW (63 Amps, 3 

Phase)  

Type-3 with Le Grand 

Socket  

 

France and Italy ς some 

European cars  

Up to 22 kW (32 Amps, 3 

Phase)  

B. DC Charger Types  

CHAdeMO 

 

Origin from Japan; 

Most popular DC 

charger; used in Japan, 

Korea & parts of 

USA/Europe; Nissan 

Leaf, Mitsubhi, Kia etc 

Up to 400 kW DC 

charging (1000 Volts, 400 

Amps); Control Area 

Network (CAN) for 

communication between 

EV and EVSE 

GB/T  

  

Used in China; as well 

as Bharat Chargers in 

India; Chinese Vehicles 

and Mahindra Electric 

in India 

Up to 237.5 kW DC 

charging (950 Volts x 250 

Amps); CAN for 

communication between 

EV and EVSE 

Tesla Super Charger  

  

TeslaΩǎ own charger. 

Tesla also sells adapter 

for connecting to a 

CHAdeMO charger 

Up to 135 kW DC 

charging (410 V x 330 A); 

CAN for communication 

between EV and EVSE 

C. Combined (AC and DC) Chargers  

SAE Combined 

Charging System (CCS) 
                    

                

CCS-1 and CCS-2 

versions available; 

same plug used for 

both AC and DC 

charging; Most 

European Cars - Audi, 

BMW, Daimler, Ford, 

GM, Porsche, VW etc. 

Up to 43 kW AC and up to 

400 kW DC (1000 Volt x 

400 Amp) Power Line 

Communication (PLC) for 

communication between 

EV and EVSE.  
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For buses, the EVSE types can also be overhead or pantograph based. Considering that the battery 

capacities for buses are typically much larger than those of 3 or 4 wheelers, a significantly higher level of 

charging will be required. The U.S. Society of Automotive Engineers (SAE) is considering charging voltage 

(V) limits in the range of 500 V to 1500 V and current ampere (A) limits from 200 A to 350 A, which 

provides a maximum 350 kW DC charge. For buses, the following standards are under considerations: 

¶ Manual 3 phase AC at high powerτSAE J-3068 

¶ Manual DC connection at high powerτSAE J-1772 

¶ Overhead or pantograph connection at high powerτSAE J-3105 

iii. AC Pulse Charging Stations 

These chargers are typically deployed on heavy duty vehicles (buses and trucks) mostly through the use 

of pantograph style connectors due to the heavy pulsed charging currents involved. This method allows 

for charging en-route (and not just at depots) as well due to its short duration. The cost of the charger is 

high due to its use of Ultra Capacitors and DC-DC pulse boosting converters. 

c. International Standards 

SAE International (Society of Automotive Engineers) has defined 240V AC charging as level 2 and 500V DC 

charging as DC fast charging (level 3). Level 2 chargers can be installed at home. A number of standards 

have been formulated for energy transfer, connection interface and communication for EV charging. 

Table 11: International EV Charging Standards 

Country Power Standards 

Americas 

SAE J1772 Level 1 and 2 for AC 

SAE J1772 Combo Coupler Standard (CCS) DC 

CHAdeMO (DC) 

Tesla Supercharger (DC) 

Europe 

SAE J1772 Level 1 and 2 for AC 

SAE J1772 Combo Coupler Standard (CCS) DC 

CHAdeMO (DC) 

IEC 61851 

Asia (China) 
GB/T (DC) 

IEC 61851 

 

In addition to SAE standards, the International Electrotechnical Committee (IEC) and CHAdeMo, industry 

association with a mission to set-up fast charging infrastructure too have developed standards, as given 

in below table. 

Table 12: Other International EV Charging Standards 

Charging 
Level 

Typical charging 
power 

Voltage 
Charging 

time 
Suitable Location 

Price 
(USD) 

Level I 1.5 kW 120 V AC 6-8 hours Homes, offices, parking areas ~500 

Level II 6.6 kW 240 V AC 3-4 hours Malls, railway station, airports ~3000 

Level III 40 kW and above 500 V DC <30 min Public charging stations ~30000 
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4.2.2 Communication Protocol between EV and EVSE and Between EVSE and the Electric Grid 

EVSE Communication Standards 

While power standards are key to determine interoperability to charge different makes of EVs; but with 

different makes of EVSEs, their management and use for services to respective owners is the key function 

of the standardization of communication standards. The figure below shows the communication 

requirements between EV and EVSE and EVSE/EV with the electric grid through electric utilities and EVSE 

service providers (EVSP). These communication standards are further described below. 

Figure 13: EVSE Communication Protocol 

 

(EVSP: EVSE Service Provider; EVSE: Electric Vehicle Supply Equipment; OCPP: Open Charge Point Protocol) 

Open Charge Point Protocol (OCPP) 

EVSE communicate through the internet to management software for the purposes of operating and 

controlling the charging stations. The Open Charge Point Protocol (OCPP) is an internationally established 

open protocol for the communication between EV charging stations and charging station networks (akin 

to a cell phone service provider). OCPP tells the charging station to communicate and send data to a 

particuƭŀǊ 9±{9 ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊ ό9±{tύ ƻǊ ƻǇŜǊŀǘƛƴƎ ŎƻƳǇŀƴȅΩǎ ŎƘŀǊƎƛƴƎ ǎǘŀǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ ǎƻŦǘǿŀǊŜΦ 

That charging station managemŜƴǘ ǎƻŦǘǿŀǊŜ ƛǎ ǘƘŜ ƳŀƧƻǊ ŎƻƳǇƻƴŜƴǘ ƻŦ ŀƴ 9± ŎƘŀǊƎƛƴƎ άƴŜǘǿƻǊƪέΦ !ƴ 9± 

charging station network is necessary to monitor charging station up-time, control access to charging, 

enable payment processing, capture driver and usage data for reporting, and to integrate with enterprise 

software systems beyond the charging station network ς including utilities, building management 

systems, HR systems, customer loyalty programs, and other charging station networks.  

ISO 15118 

ISO 15118 specifies the communication between Electric Vehicles (EV) and the Electric Vehicle Supply 

Equipment (EVSE). As the communication parts of this generic equipment are the Electric Vehicle 

Communication Controller (EVCC) and the EV Supply Equipment Communication Controller (SECC), ISO 

15118 describes the communication between these components. The ISO 15118 can be applied to any 

vehicles that wishes to communicate with the supporting EVSE in a standardized fashion. ISO 15118 does 
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not specify the vehicle internal communication between battery and charging equipment and the 

communication of the SECC to other actors and equipment (beside some dedicated message elements 

related to the charging). All connections beyond the SECC, and the method of message exchanging are 

considered to be out of the scope as specific use cases. 

OASIS Energy Interoperation (or OpenADR 2.0) 

OpenADR is commonly being used in peak load management programs in electric utilities. The last few 

years have seen an increasing uptake of this standard for fast demand response (DR) programs and 

auxiliary service which deploy DR resources within seconds to balance inconsistent generation from 

renewables. Distributed energy resources (DER) management and electric vehicle charging are also key 

aspects in many recent trials. OpenADR 2.0 can communicate event messages, reports, registration 

services, and availability schedules for price- and energy usage-based programs. 

IEEE 2030.5 (or Smart Energy Profile) 

IEEE 2030.5 is a standard for communications between the smart grid and electricity customers. The 

standard is built using Internet of Things (IoT) concepts and gives consumers a variety of means to manage 

their energy usage and generation. Information exchanged using the standard includes pricing, demand 

response, and energy usage, enabling the integration of devices such as smart thermostats, meters, 

electric vehicles, smart inverters, and smart appliances. 

Energy Services Provider Interface (or GreenButton) 

The GreenButton initiative is an industry-led effort that responds to a US Government call-to-action to 

provide utility customers with easy and secure access to their energy usage information in a consumer-

friendly and computer-friendly format. Customers are able to securely download their own detailed 

energy usage with a simple ŎƭƛŎƪ ƻŦ ŀ ƭƛǘŜǊŀƭ άDǊŜŜƴ .ǳǘǘƻƴέ ƻƴ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘƛŜǎΩ ǿŜbsites. The GreenButton 

initiative was officially launched in January 2012. This ensures homes and businesses to securely access 

their own energy information in a standard common, machine-readable format. 

 4.2.3 Indicative Cost of EVSE 

The costs of EVSEs need to be considered critically to support scaled deployment of EVs. For Level 2 and 

DCFCs, which are widely deployed using CHAdeMO and CCS standards, the following are the early 2017 

costs for the United States market. While the costs may be higher, the federal-, state-, and city-level 

incentives and funding allocation have reduced their costs significantly. The table shows typical costs in 

the United States for Level 2 and DCFC EVSE up to 150 kW. The hardware constitutes the majority of the 

EVSE costs and are in the range of 45% to 65% of the total costs, depending on the type and peak charging 

power level. The other costs include communications, installation, commissioning, and annual operation. 

Table 13: EV Charger Costs 

Charger Type Cost in USD 

Level 2 AC Wall Mount (~7 kW) 900 

Level 2 AC Ground Mount (~7 kW) 1350 

Level 2 AC Ground Mount (~25 kW) 2410 

DCFC Ground Mount (~50 kW) 31000 

Level 3 DCFC ~75 kW 56000 

Level 3 DCFC ~100 kW 78000 

Level 3 DCFC ~150 kW >95000 
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4.2.4 Battery Management System8  

The batteries in an EV have modular 

configuration with each battery comprising 

hundreds to thousands of individual battery 

cells. Each cell has a voltage ranging from 1.2 V 

to 3.6 V. These modular, high-energy battery 

pack requires intricate electronics and software 

to manage voltage, current levels and 

temperatures for each individual (module of) 

cells. This system is called the Battery 

Management System (BMS). The BMS also 

manages the state-of-charge (SOC) of the 

battery, and controls the maximum power level 

of the charger and the maximum regenerative 

breaking level. When an EV is connected to the 

EVSE a hand-shake is established between the EV and EVSE; and the BMS in the EV takes control over the 

charging process. The BMS is tightly integrated with the battery chemistry and its thermal properties. 

BMS determines the charging rate depending on the input voltage, current, ambient temperature; and 

the residual charge remaining in the battery. 

Figure 15: The Role of a Battery Management System 

 

4.2.5 Distribution Grid Upgrades for EVSE9 

The concept of vehicle to grid (V2G) makes a case for electric vehicles to act as both power loads during 

times of low power demand, and also as dynamic energy storage devices, feeding power back into the 

grid during peak demand hours. By utilizing the functionalities of smart grid, especially smart meters, EVs 

can be used as dynamic loads or dynamic storage systems. 

4.2.5.1 Typical Components for V2G 

There are three basic components in a V2G model for recharging a vehicle or discharging energy from the 

vehicle to the electrical grid: 

¶ Point of grid interconnection 

¶ EVSE 

¶ EV and the BMS (Battery Management System) that manages the operations 

The vehicle has several important components that manage and regulate the charging and discharging 

functionality of the battery and the battery itself. A brief description of these components is given below: 

 
8 Smart Grid Handbook for Regulators and Policy Makers; Battery Management Systems in Electric and Hybrid Vehicles 
9 Emerging Technologies for Electric and Hybrid Vehicles 

Data Acquisition Safety Protection
Ability to measure 
and forecast the 

battery state

Ability to control 
battery charging 
and discharging

Cell Balancing

Thermal 
Management

Delivery of 
battery status and 
authentication to 
a user interface

Communication 
between all 

battery 
components

Extended battery 
life

Figure 14: Battery Management System 
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Figure 16: Vehicle to Grid Integration (V2G) 

 
 

I. V2G Capable Vehicle 

Most essential element is an electric or plug-in hybrid vehicle with the capability to connect and 

communicate with grid. 

Figure 17: Vehicle to Grid Capable Vehicle 

 

II. Battery 

PHEVs have advanced batteries with a storage capacity of 4 to 15kWh, giving the vehicle an electric-only 

range of 15-80km. BEVs generally have 15 to 50kWh on board, for a range of 80-300km. The DC voltage 

of the batteries is generally between 180V and 400V DC. 

III. Battery Management System (BMS) 

The battery performance of an electric vehicle changes according to the different operation and 

environment variables. The BMS is designed to deliver optimum battery performance for the EV. It 

manages the state of charge, state of health, and state of life of the battery. 

IV. Battery Charger (AC-DC) and Inverter (DC-AC) 

The Battery chargers generally have an output voltage of 180-400 Volt DC. If they are rated for a standard 

220V AC socket, their maximum (dis-)charge power in Europe is generally ±3.5kW while in the US, the 

residential socket output is 110V, and hence maximum power output is ±1.5kW. However, if a two-phase 

AC outlet is used, a much higher charge power can be drawn (15-20kW is the current norm). Most of the 

current research assumes that future chargers will have a (dis-)charge power level of 10-20kW, and that 
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there will thus be dedicated EV charging connections installed in the house of (PH)EV owners. The BMS 

controls the maximum charge level of the charger, which is usually connected via a CAN-interface 

(Controller Area Network-interface). In order to achieve the V2G functionality, either the charger needs 

to be bi-directional, or a separate DC-AC inverter is required. 

V. Controller, GPS and Electricity Meter 

A communication signal is required to be sent to a remotely controlled regulation device (controller) to 

regulate the power taken from or fed into the grid by the vehicle. The signal can be provided in the 

following ways: 

¶ via the cellular phone network 

¶ via a radio signal 

¶ Ǿƛŀ ǘƘŜ ΨLƴǘŜǊƴŜǘΩ όƭŀǎǘ ǇŀǊǘ ²[!b ŎƻƴƴŜŎǘƛƻƴύ 

¶ Ǿƛŀ ŀ ΨǎƳŀǊǘ ƳŜǘŜǊΩ ƴŜǘǿƻǊƪ όƭŀǎǘ ǇŀǊǘ ǿƛǊŜƭŜǎǎly, first part Internet or cellular phone network) 

¶ via the power grid (TSO signals) 

Ideally, a GPS device keeps track of where the vehicle is and an on-board electricity meter measures in- 

and outflow of electricity. However, in a less advanced V2G scenario, it is not the on-board meter that 

measures electricity consumed and generated by the vehicle, but a (smart) residential electricity meter. 

4.2.5.2 Special Tariff for Electric Vehicles (EVS) 

¶ Time-of-use (TOU) rate, where in the electricity rate varies with the hours of the day; charges a 

lower price for energy during certain hours of the day and higher during other hours. It could 

provide EV owners with an incentive to delay EV charging from the day-time peak hours, to 

overnight off-peak hours. For example, NV Energy, Nevada offers ToU rates having wide 

differentials for on- and off-peak power. Its summertime rate for northern Nevada varies from 

40.7 cents/kWh for on-peak power (from 1 pm to 6 pm) and to 5.53 cents/kWh for off-peak 

power (from 10 pm to 6 am). In Europe, EDF in France offers off-peak discount; a special EV TOU 

rate is offered by RWE in Germany; and a day/night tariff is offered by EON in Germany. The 

effect of TOU rates in shifting the EV charging times to off-peak hours was supported by a study 

done by the California Public Utilities Commission. 

¶ Real-time pricing (RTP) tariff dynamically sets prices based on the real-time marginal cost of 

energy. Although electricity tariffs provide indirect control of EV charging, detailed analyses of 

such schemes are scant. However, experience with such dynamic pricing arrangements for EV 

charging is still limited, and ongoing changes in technology, including the systems used to control 

charging, contribute to uncertainties about how dynamic pricing will affect charging behaviour. 

¶ Day-ahead hourly rate provides dynamic hourly rates for EV charging on a day-ahead basis. It 

allows the user to know optimum hours for charging his vehicle and gives the flexibility to 

minimize the charging cost predictably and reliably. This structure is being tested by San Diego 

Gas and Electric (SDG&E). However, one disadvantage of this structure would be that the 

customers may not be comfortable with the complexity of dynamic pricing, in which case 

aggregators will needed to aggregate the load and obtain the benefits of dynamic pricing. 

¶ Managing the load through direct control: In this approach charging loads could be controlled 

directly by grid operators or utilities or aggregators of charging infrastructure within the defined 

parameters set by the user. This would give the flexibility to avoid overloading the distribution 

network and optimize all assets on the grid under a dynamic pricing regime. However, it would 

be infrastructure intensive and require Advanced Metering Infrastructure (AMI) to measure 

hourly or sub-hourly demand and to enable billing for dynamic pricing. It would also require high 

degree of communication between the network operators, aggregators, distribution utility and 

the EV user. 
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4.2.5.3 Innovative Tariff Structures in Select Countries 

Tempo Electricity Tariff ς Électricité De France (EDF), France 

In France, electricity bills for residential and small business customers include a standing charge 

determined by the level of maximum demand (in kVA) nominated by the customer (puissance souscrite), 

and an energy usage charge based on the type of tariff chosen by the customer (type dΩŀōƻƴƴŜƳŜƴǘύΦ Lƴ 

1993, EDF introduced a new rate design, TEMPO tariff to its 120,000 residential customers. Thus, a 

residential and small business customer could choose from three types of electricity contract. 

Table 14: Tempo Electricity Tariff ς Électricité De France (EDF), France 

Option Base Option Heures Creuses (Option HC) Option Tempo 

For lower usage, 

smaller homes with 

infrequent usage. 

For the majority of houses occupied 

full-time with non-electric heating 

For high use households with electric 

heating and full-time occupation, and for 

small business customers. 

Simplest, with the 

lowest standing charge 

and a flat rate for 

electricity usage all the 

time throughout the 

day and year. 

¶ Two-part time-of-use tariff with 

normal (heures pleines) and off 

peak (10 pm until 6 am each 

night) (heures creuses) rates. 

¶ Usually used in conjunction with 

a water heater operated by 

ripple control so that the 

heating element is switched on 

only during off-peak periods. 

¶ Complicated tariff system with six rates 

of electricity pricing based upon the 

actual weather on particular days and 

on hours of use. 

¶ Each day of the year is colour coded. 

- Blue (jours bleus): low prices 

- White (jours blancs): medium prices 

- Red (jours rouges): high electricity 

prices. 

¶ The colour of each day is determined 

mostly by the electricity provider 

Électricité de France (EDF) based on the 

forecast of electricity demand for that 

day. 

¶ The French transmission network 

operator also has the ability to 

determine the day colour if there is 

significant congestion on the electricity 

network. 

Tempo tariff has been successful but less than 20% of electricity customers in France have chosen Option 

Tempo. The Tempo tariff was designed specifically for the situation where EDF is a monopolistic generator 

and retailer of electricity. In July 2009, EDF discontinued the Tempo tariff for new customers and for 

customers who are on the tariff at their current residence and then move house. 

DǳƭŦ tƻǿŜǊΩǎ DƻƻŘ/Ŝƴǘǎ {ŜƭŜŎǘ 

The Florida based Gulf Power Company employs Critical Peak Power Pricing mechanism, which is similar 

to a time-of-use rate most of the time, with the exception that oƴ ŘŜŎƭŀǊŜŘ άŎǊƛǘƛŎŀƭ-ǇŜŀƪέ ŘŀȅǎΣ ŀ 

prespecified higher price is charged for a specific time period. GoodCents® SELECT is a residential 

advanced energy management system that allows consumers to program their central heating and 

cooling system, electric water heater and their pool pump to automatically respond to varying prices. 

There are three TOU prices for non-critical hours, and a CPP that can be invoked no more than one 

percent of the hours in a year. The Program showed Significant Real-Time demand reduction and 

customers could save up to 15% on electricity bill annually. 
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Real Time Pricing 

Several utilities in US and Europe offer real time electricity tariffs for their consumers. Real-time pricing 

means that the electricity prices vary hour-to-hour and are determined from wholesale market prices 

using an approved methodology. Real-time pricing allows consumers to adjust their electricity usage by 

scheduling usage during periods of low demand with cheaper electricity price. Utilities of Illinois i.e. 

ComEd and Ameren offer real-time pricing programs in Illinois. For RTP, enabling technologies (e.g., smart 

meters) are usually involved to support the accuracy of measurements. The reason RTP highly relies on 

enabling technologies is that it has to be closely connected with wholesale market prices, as well as with 

consumer feedbacks (two-way communication required). Nova Scotia Power, Canada offers one-part Real 

Time Pricing (RTP) to customers who have loads of 2,000 KVA or 1,800 KW and over. The consumers are 

cƘŀǊƎŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ŀŎǘǳŀƭ ƘƻǳǊƭȅ ƳŀǊƎƛƴŀƭ ŜƴŜǊƎȅ ŎƻǎǘǎΣ Ǉƭǳǎ ǘƘŜ ŦƛȄŜŘ Ŏƻǎǘ ŦƻǊ ƻƴ-peak and 

off-peak usage. 

Peak Time Rebate 

PTR refers to the payment that consumers can receive for reducing demand during peak periods on event 

days. It is inverse of CPP, where customers will be reimbursed for the amount of reduced power 

consumption during the critical peak period. Utilities such as San Diego Gas and Electric (SDG&E) ComEd 

offer PTR to their consumers. 

4.2.6 Renewable Energy and Energy Storage Systems for EVSE 

With the large influx of distributed renewable energy in the grid, energy storage and EVs are being looked 

at as viable options to balance RE power supply and consumer demand. The distributed renewable energy 

sources, particularly rooftop solar projects can be used to charge electric vehicles. Public parking spaces 

can be built with solar rooftop panels as sheds, which can charge electric vehicles. And through the 

concept of V2G, the charged electric vehicles can be used to inject electricity into the grid at times of 

excess power demand. Large scale energy storage projects at the distribution level can also be used as 

charging option for EVs. Usage of distributed RE and energy storage will help to improve the well-to-

wheel efficiency of the electric vehicle, translating to fewer GHG emissions across the value chain. 

4.3 Battery and Motor 

4.3.1 Battery Specifications and Technology Trends 

Table 15: Types of EV Batteries and Their Features 

Battery Chemistry 
Max C 
Rate 

Max 
Temperature 

(oC) 

Life 
(Maximum 

Cycles) 

Power Density 
(Wh/kg for cell) 

Average Module 
Price (US$/kWh 

in 2018) 

Li Ion Iron Phosphate 
(LFP) 

Up to 
2C 

40 1500-3000 100-130 Wh/kg 270 

Li Ion- Nickel 
Manganese Cobalt 
(NMC 811) 

C/2 40 1000-2000 230-250 Wh/kg 250 

Li Ion- Nickel 
Manganese Cobalt 
(NMC 622) 

3C 40 3000-4000 200 Wh/kg 400 

Li Nickel Cobalt 
Aluminium (NCA) 

2C 40 1000-1500 250-270 Wh/kg 230 

Lithium ion Titanate 
Oxide (LTO) 

6C 60 7500-10000 50-80 Wh/kg 700 

Source: (ISGF White Paper Electric Vehicle Charging Stations Business Models for India, 2018) 
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Batteries are the most important component in an EV and constitute approximately 50-60% of the cost 

of the EV. Battery in an EV should be robust enough to handle high power, should have high energy 

capacity, should be stable and ideally be lightweight in order to reduce the deadweight in the vehicle 

which impacts the fuel efficiency. Today, Lithium Ion Batteries (LIB) are used in all EVs. There are different 

battery chemistries in the LIB family but the ones popular with most EV manufacturers are: 

¶ Lithium Iron Phosphate Oxide (LiFePO4) or simply called LFP for Lithium Ferro Phosphate 

¶ Lithium Nickel Manganese Cobalt (LNMC) or popularly known as NMC 

¶ Lithium Nickel Cobalt Aluminium (NCA) 

¶ Lithium Titanate Oxide (LTO) 

The commercially available electric vehicles with Li-ion batteries suffer from small driving range on single 

charge. As a result, lithiumςair batteries (with specific energies reaching 3000 Wh/kg) are being 

developed that can deliver driving ranges comparable to that of petrol cars. The performance, durability 

and cost are key consideration in selection of batteries. All batteries cannot be fast charged. In the battery 

parlance the C-rate is used to refer the charging rate. 1C rate refers to full charging in one hour; 2C rate 

refers to full charging in 30 minutes; and 10C refers to full charging in 6 minutes. And C/2 means two 

hours to fully charge.  

4.3.2 Motor Types Used in EVs10 

The electric motor is the major driving force of the EV propulsion system. Under normal mode of 

operation, the motor sets the EV in motion. And when regenerative braking mechanism is applied, it 

behaves as a generator. Different motors have been designed over the years, on the basis of the driving 

requirements. The categorization of these electric motors is described below. 

4.3.2.1 Brushed DC Motor 

Brushed DC motors were used in the early electric vehicle models. They could deliver large torque even 

at lower speeds. However, these motors were discontinued mainly due to their weight, low efficiency 

and heating issues. Permanent magnets were used for the stator design while brushes were placed on 

the rotor. This structure made it very difficult to remove heat generated in the rotor center. 

4.3.2.2 Permanent Magnet Brushless DC Motor (BLDC) 

The BLDC motors employ a permanent 

magnet as the rotor and an inverter is 

connected to the stator. The BLDC motors 

have greater efficiency than induction 

motors, compact size, fewer heating 

issues and deliver more reliable output. 

However, the torque is limited at higher 

speeds on account of back EMF produced 

in the motor stator windings. The 

inclusion of reluctance motors in 

combination with the PM motors are 

called PM hybrid motors. For achieving 

greater efficiency in the BLDC motor, the 

conduction angle of the power convertor is modulated. BLDCs are mostly installed in smaller vehicles that 

need a power output of at the most 60 kW. 

 
10 A Comprehensive Study of Key Electric Vehicle (EV) Components, Technologies, Challenges, Impacts, and Future Direction of 

Development 

Figure 18: Permanent Magnet Brushless DC Motor: Motor 
Torque vs Motor Speed 
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4.3.2.3 Permanent Magnet Synchronous Motor (PMSM)  

The PMSM motors can be driven at a variety of different speeds despite the lack of a gearing system. 

These motors are small and highly efficient, capable of delivering large torque even during driving 

conditions of lows speed. However, the motor loses stability when operated during in-wheel operations 

at high speeds. Most of the latest battery electric vehicle models use PMSMs. 

4.3.2.4 Induction Motor (IM) 

Induction motors have been used in both older 

as well as the latest EV designs. Induction motors 

employ commutator-less motor drive system. 

The existing EV models that run on induction 

motors use 3-phase, 4-pole AC motors with Cu 

rotors. Vector control and field orientation 

management are several techniques that are 

used to improve the speed output delivered by 

the induction motors in the electric vehicles. 

4.3.2.5 Switched Reluctance Motor (SRM) 

SRMs are synchronous motors that are run using unipolar inverter-produced current. These motors have 

plain and durable design and can be driven at high speeds. They are also more affordable as well as safer 

than their PM counterparts. However, these motors create noise during operation and are very bulky. In 

certain driving conditions the SRM motors also display low efficiencies. As these motors do not require 

permanent magnets, which contain rare earth metals, modern research is underway to develop more 

efficient SRMs. 

4.3.2.6 Synchronous Reluctance Motor (SynRM) 

Synchronous Reluctance Motors are resilient, compact, fault tolerant and highly-efficient. These motors 

have a control structure framing like the PM motors. The applicability of SynRMs for EV are limited on 

account of issues of controllability, low manufacturing and low power factor. New and enhanced design 

techniques, control systems and advanced manufacturing are being employed to improve the SynRM 

motors. 

4.3.2.7 PM Assisted Synchronous Reluctance Motor 

These motors do not face the issues of demagnetization caused due to overloading and high temperature. 

Through an appropriate efficiency optimization method, this motor can be built to deliver operational 

performance similar to IPM motors. 

After having gone through the various types of motors used in EVs, below is a comparison of some EV 

motors along with their torque densities, and advantages/disadvantages. 

Table 16: Power Comparison of Different EV Motors 

Motor Type 
Power (kW) 

Base Speed (rpm) 
Maximum Speed 

(rpm) HEV BEV 

IM 57 93 3000 12000 

SRM 42 77 2000 12000 

BLDC 75 110 4000 9000 

Figure 19 Induction Motor: Motor Torque vs Motor Speed 






































































































































































































































