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Abstract 

The rapid urbanization in Asia, where share of urban population has reached 48 per cent, is 
posing major challenges for Asian countries in provision of sustainable urban transport 
systems and services. One of the options being debated for energy security and emission 
reduction from the transport sector is the use of electric and hybrid vehicles. Fuel efficient 
electric and hybrid cars are emerging due to advances in vehicle technology, particularly 
with battery developments. Their sustainability depends on the source of electricity used for 
charging, the efficiency of electrical grid and electric vehicle supply equipment (EVSE), 
vehicle designs, and materials used for manufacturing.  
 
Vehicular technology is already advanced, matured and commercially available; but there 
are rooms for improvement especially concerning range, price, and charging time. Some 
Asian countries have already started using some forms of electric vehicle. Many Asian 
countries have used policy push as well as financial incentives to promote use of electric 
vehicles as well as electric buses for mass transit systems. However, the most critical 
elements in promotion and use of electric vehicles in Asia are the availability of charging 
infrastructure and investments to generate more renewable energy and upgrade the ageing 
grid. 
 
The paper reviews emerging technology and innovations that would shape transport 
policies to trigger a shift towards more use of hybrid and electric vehicles in Asia. It would 
also look at policies being implemented and planned in Asia to promote electric vehicles and 
support more public mass transportation system that use sustainable and renewable form 
of energy. The paper offers some policy options for consideration for deployment of electric 
vehicles. 
 
Key words: Sustainable transport, energy security, emissions, electric and hybrid vehicles, 
transport policies 
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1. Introduction 

Current transportation system relies intensely on fossil fuels. While the hydrocarbons trend 
has been shaping modern society, it also raises serious environmental issues. The Paris 
Agreement, announced in December 2015, has focused not on reversing the problem, but 
rather to limit the global average temperature increase well below 2°C (UNFCCC, 2015). To 
achieve this, global fossil fuels usage must be reduced hastily, or risk global warming being 
accelerated so quickly that the world cannot respond fast enough. 

The rapid urbanization in Asia, where the share of urban population has reached 48 per 
cent, is posing major challenges for Asian countries in provision of sustainable urban 
transport systems and services. Current situation in the region can be described as high 
traffic, road dominant – plying roughly 70 per cent by light duty vehicles that run on fossil 
fuels. Vehicle ownership has become a symbol of status among Asian populace – a matter 
which seems to propagate in the recent decades due to the lack of attractive public 
transport options. 

Urban mobility in Asia is expected to be more severe. By 2050, the region will likely have 21 
out of a global total of 37 megacities. These megacities will generate over 80 per cent of the 
region’s GDP, while consume approximately 60 to 80 per cent of the total energy demand1. 
Limited road capacity can’t handle massive traffic congestion, and building more roads could 
induce even more traffic. Congestion results in two looming problems that go against 
urbanization –first, increase in fuel consumption destabilizes energy security, and second, 
tailpipe emissions and pollutions undermines the quality of life of urban residents. 

Without any interventions, urban public transport in Asian cities will remain inefficient and 
unsustainable with bottlenecks and face challenges in meeting SDG target 11.2. One of the 
options being debated for energy security and emission reduction in transport sector is the 
use of electric and hybrid vehicles. A decade ago, the idea of driving an electric vehicle 
seemed inconceivable, but these vehicles are here to stay. Technological improvements, 
stricter emissions standards, and changes in consumer tastes are leading electric vehicles 
further into the mainstream. Many car manufacturers are introducing electric vehicles – 
with many new models are on the way. 

The electric-vehicle segment is still evolving with significant progress in technology, design, 
and infrastructure. This paper seeks to shed light on the kind of environments these 
emerging technologies need to thrive. Because inventions do not become innovations until 
they are deployed at scales sufficient to have an impact – technical and non-technical 
challenges are identified need to be translated into opportunities to formulate realistic 
strategy for wide spread adoption of electric vehicles (EV). In a nutshell, the shift towards 
more use of hybrid and electrics in Asia requires innovative and long term vision for both 
transport and energy sectors, supported by progressive transport policies aspire to capture 
the benefits of modern technology. 

In this context, this background paper attempts to present an overview of electric vehicles 
deployment in the region – explaining comprehensively and suggesting policy 
recommendations for countries and cities to consider. It is hoped that this paper can 

                                                           
1 http://www.adb.org/news/infographics/climate-change-resilience-asias-cities, accessed April 2016. 

http://www.adb.org/news/infographics/climate-change-resilience-asias-cities
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instigating a realistic approach to initiate early feasible policies and actions which would go 
long way in improving energy security and emissions from urban transport.  

Following this introduction Section 2 presents provide introduction to the electric vehicles 
industry – including the history of makings, implications with oil industry, technological 
milestones, current market, sales, and forecasts – to set the stage for further discussion. 

Section 3 investigates emerging vehicular technologies, trends, innovations, and technical 
bottlenecks of electric mobility – including multiple aspects: energy storage systems, 
advanced drivetrains, impact on electrical grid, vehicle-to-grid capability, and implications 
from materials used and manufacturing.  

Section 4 considers challenges faced by countries to promote EV. It discusses relationship 
between oil price, subsidies and EV uptake. Consumer behaviors and knowledge 
dissemination and increasing public awareness as well as a need for coherent urban 
planning strategy are discussed.  

Section 5 reviews some of policies deployed by the member countries and cities for 
deployment of electric buses for mass public transport.  

Section 6 makes policy recommendations for developing countries in Asia-Pacific. It focuses 
on infrastructure demands, policy structure, standards and regulations necessary for region-
wide EV adoption. Finally, institutional support, such as public procurement, awareness 
programs, and education system; is briefly discussed to express other areas needed for EV 
encouragement and conclusions are outlined in section 7. 

2. Evolution of Electric Vehicles 

Electric vehicles (EVs) are nothing new. Invented in 1834, EVs’ technology came decades 
ahead of gasoline-powered cars first introduced in 1895. By 1900, there were 4,200 
automobiles sold in the United States, of which, 40 per cent were electric. However, EVs 
faded away by 1930 due to multiple reasons – but most importantly – because of battery 
technology: expensive, limited power, limited range, long charging time, and lack of 
accessibility to electricity for recharging. 

The major progress in gasoline-powered cars also hastened the disappearance of the EVs. 
The assembly line production of gasoline-powered vehicles, such as the Model-T by Henry 
Ford, also made these vehicles a lot more affordable than electric and hybrid counterparts. 
Electric vehicles gained new attention again following Arab oil embargo in 1973 as a mean 
of reducing oil dependency and air pollution. But soon faded away by 2000, due partially to 
the fact that consumer acceptance was not overwhelming. Despite improvement in 
technology, the second collapse happened when the fossil fuel price was low – so 
consumers were reluctant to the shift. Automobile manufacturers were spending billions of 
dollars in research and development, without substantial market responsiveness. Liability, 
maintenance and servicing of EVs were matters of concern among consumers, and add 
additional burdens on car dealerships. 

The early attempts to deploy EVs were not without benefits. Valuable lessons learnt2 
suggest there is a need for systematic cooperation between original equipment 

                                                           
2 https://www.iea.org/media/workshops/2010/transforminginnovation/turrentine.pdf, accessed May 2016. 

https://www.iea.org/media/workshops/2010/transforminginnovation/turrentine.pdf


DRAFT 

5 
 

manufacturers (OEMs), government, and power industry over at least 20 years. A careful 
rollout timing of vehicles, infrastructures, incentives, and tax rates must be set up to express 
long-term commitment to private investors and the public. Technical and non-technical gaps 
must be bridged between early and main market – by introducing systematic education 
about vehicles and energy use, while monitoring the market periodically to adjust the policy 
framework. 

Sales of electric cars has surpassed 1 million unit in 2017 and the global stock of electric cars 
in more than 3 million vehicles3.China leads the way with more than half of global sales. 
While electric cares accounted for 39% of sales in Norway in 2017, followed by Iceland and 
Sweden with 11.7% and 6.3% electric car sales share  

The year 2015 marked significant milestones for EV industry. The global sales of HEVs 
reached 10 million units4,5, while accumulative sales of PHEVs and BEVs together reached 
the global threshold of 1 million units – just under 4 years and 10 months after their 
inception – twice quicker than HEV’s 9-years-long period to reach a million. BEVs and PHEVs 
are gaining significant share in the market at a staggering rate – nearly at 60 per cent 
compound annual growth rate (CAGR). This remarkable phenomenon is comparable to the 
historical Ford Model T that once revolutionized the transport industry. The symbolic 
achievement highlights significant efforts deployed jointly by governments and industry 
over the past ten years. The staggering 60 per cent annual growth, if maintained, could 
displace oil demand of 2 million barrels a day as early as 20236. The slow start of EV uptake 
is only natural, as most promising technologies in the past were following an S-curve. World-
changing technologies, such as computers and cellphones, show similar growth patterns; 
where growth started out slow at first, and then suddenly lifted off when the products start 
to connect with everyday people. Eventually the market becomes saturated as technologies 
are widespread, forming the top of the S (figure 1). 

 

Figure 1: World-changing technologies – the S curve7 

The potential liftoff of EV market could be as early as 2022 – a year at which electric vehicles 
will reach cost parity with their internal combustion engine counterparts8. This is due largely 

                                                           
3 IEA, Global EV Outlook 2018 
4 http://newsroom.toyota.co.jp/en/detail/mail/9163695, accessed May 2016. 
5 http://www.greencarcongress.com/2012/10/hondahybrids-20121015.html, accessed May 2016. 
6 http://www.bloomberg.com/features/2016-ev-oil-crisis/, accessed June 2016. 
7 Ibid. 

http://newsroom.toyota.co.jp/en/detail/mail/9163695
http://www.greencarcongress.com/2012/10/hondahybrids-20121015.html
http://www.bloomberg.com/features/2016-ev-oil-crisis/
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to expected cost reduction in battery technology – currently on a trajectory to make 
unsubsidized electric vehicles affordable (figure 2).  

 

Figure 2: Evolution of battery energy density and cost9 

The start of a real mass-market liftoff for electric vehicles may seem far-fetched. There are a 
lot of speculations and assumptions, along with doubts and oppositions. But imagine this: 
the idea of widespread adoption of smartphones must have been unthinkable post-iPhone-
era; and yet, look at how the technology has shaped the world into today. The Tesla’s Model 
S, comparably an iPhone of EV industry, presents a novel opportunity in automotive 
business as it outsells its competitors in the large luxury class vehicles. Other carmakers and 
tech companies are investing billions on dozens of new models to take advantage of the 
new market proven viable by Tesla.  

Back-mapping on oil decoupling may not be easy to predict, but the forth-map is clear. 
Substantial new implementation of electric vehicle supply equipment (EVSE) was observed 
in 2015 – encouraged publicly through direct investment and Public Private Partnerships 
(PPPs)10. Electric light-duty vehicles rollouts are supported by policies and consumer 
incentives in many developed countries – to name a few: The United States, China, France, 
Japan, Republic of Korea, the Netherlands, Sweden and Norway. Electric mobility is also 
extended to other transport modes such as 2-wheelers, buses and freight delivery vehicles 
in some localized area11. A shifting pattern toward electrification can be observed in 
automotive industry. The smart grid market is in a relatively early stage of development, but 
expected to grow rapidly while offering new services and extending global value chain12. 
Renewables market is exceptional, being expanded at its fastest rate of 130 Gigawatts in 
2014 – accounted for more than 45 per cent of net annual additions to world capacity in the 
power sector13. 

                                                                                                                                                                                     
8 Global EV outlook 2016: Beyond one million electric cars, OECD/IEA  
9 Ibid. 
10 Global EV outlook 2016: Beyond one million electric cars, OECD/IEA 
11 Ibid. 
12 The smart grid opportunity for solutions providers, Mckinsey 2010. 
13 https://www.iea.org/Textbase/npsum/MTrenew2015sum.pdf, accessed June 2016. 

https://www.iea.org/Textbase/npsum/MTrenew2015sum.pdf
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Figure 3: Cost breakdown of PHEV-40 

drive system cost by component 

Over the next 7 years, policy support and public’s commitment were key toward a 
successful shift for electric mobility. During this period, governments should focus on 
building supportive environments for electric vehicles – including renewables capability, 
smart grid, and charging stations (EVSE); and set up consumer incentives system to spur the 
EV uptake among early adopters and environmental enthusiasts. Local governments can 
incorporate electric vehicles into their public fleet, organize demonstration events of new 
technologies, and set up proper facilities for end-use battery recycling. 

If these supportive environments are realized before 2022, the EV market may be able to 
carry itself with marginal governmental supports. As electric vehicles become cheaper, and 
needed infrastructures are in place; the benefits of electric vehicles can be effectively 
advertised to consumers. To that end, public awareness scheme should be established to 
educate the people about electric mobility. Mobile-based applications are the tools for local 
governments to disseminate information that can encourage EV purchase – such as the 
locations of public charging status, available consumer incentive programs, or even an app 
that allow users to calculate money saved from using electric vehicles. 

Governments choose to employ electric mobility may benefit from oil decoupling and GHG 
emission reductions. The problem though, is that very few countries have the capability to 
spur EV uptake. Developing countries will need to plan for developing infrastructure, shift 
towards renewable sources, and explore innovative financing mechanism. 

On the industry point of view, technological progress and economies of scale are critical in 
moving towards cost parity with conventional internal combustion engines (ICEs) by 2022. 
The industry has succeeded in demonstrating that electric cars can deliver the practicality, 
sustainability, safety and affordability, but the EV market still requires policy support to 
achieve widespread adoption. Progressive transport polices need to be established to lead 
the market up to 2022; at which point, the market can expect to be self-reliant. 

3. Emerging Technologies, Trends, and Innovations 

The three technical factors affecting the wide spread adoption of EV are most often 
mentioned to be (1) high prices, (2) short operational range, and (3) lack of charging 
infrastructure (Hidrue, 2011). Materials use, and manufacturing process is also another 
important factor when discussing sustainable in transport sector. 

The trends in EV concept from 2002 to 2012 focused on vehicle development stages, vehicle 
segments and powertrain architectures both for Hybrid and Battery Electric Vehicle (HEVs, 
BEVs) – with two key technologies, batteries and electric machines, being the most 
developed in term of technological advances, installation place, and improvements of 
technical parameters such as energy capacity and power density (Frieske et al, 2013).  

3.1 Energy Storage Systems 

Perhaps one of the biggest technological challenges in 
the electrification of future vehicle concept, the 
current issues of battery technology comprise of cost 
efficiency ($/kWh), energy density (Wh/kg), power 
density (W/kg), and life cycle (cycle counts). Cost 



DRAFT 

8 
 

Figure 4: Use of Battery Technologies in 

Concept Cars and Series Vehicles between 

2002 and 2012 (Frieske et al, 2013) 

 

breakdown of PHEV drive system (figure 3)14 shows that around 81 per cent of the cost of 
PHEV-40’s drive system is due to battery pack. The battery’s cost is not only due to the 
material, but also capital investment in battery manufacturing – expected to decline as 
battery production volume increased15. 

Lithium-ion technologies have biggest potential from near- to mid-term (Frieske et al, 2013) 
– exemplified by Tesla Motor’s decision to build its “Gigafactory” to achieve an economy of 
scale for Lithium-ion battery manufacturing – and as illustrated in the use of battery 
technologies in concept cars between 2002 and 2012 (figure 4). 

In term of research efforts, there are many 
other prominent options. Lithium Iron 
Phosphate technology (LiFePO4) seems to 
be a potential contender for near- to mid-
term application because it can be 
produced at relatively low costs, has a high-
power density, and good safety properties 
(Tredeau, 2009). They may become the 
preferred battery type as manufacturing 
method improves. 

Lithium-air batteries, which are years away 
from commercialization, could potentially 
have a much higher gravimetric energy 
density (3,460Wh/kg theoretical) than 
Lithium-ion (100-250Wh/kg), but 
achieving high life cycle and high discharge 

rates is challenging (Wilcke and Kim, 2016). In contrast, Sodium-air batteries have better 
stability during charge/discharge cycle, but offer reduced gravimetric energy density 
(1,100Wh/kg theoretical). With a few technical challenges such as high airflow needed to be 
address, Sodium-air is very promising because Sodium is cheap – and is as common as table 
salt. The cost of materials for Sodium-air batteries are estimated less than a tenth as much 
as those in a Lithium-ion battery (Wilcke and Kim, 2016). 

Another potential option is the Lithium-sulfur (Li-S) batteries which can in theory fulfil most 
important performance requirements of EV application as it possess both a high volumetric 
and high gravimetric energy density (2,500 Wh/kg theoretical). It is also environmentally 
friendly and cost-effective cells with safe and reliable operation (Johansson, 2013). 
However, Li-S still requires a real commercial breakthrough to be practical. Flow battery 
utilizes liquids materials rather than solids – thus the name “flow”; could be advantageous 
because it allows for fast recharge by quickly swapping out the liquids. However, flow 
batteries generally have lower energy densities than Li-ion and are still limited only for grid 
energy storage application16. There are many other battery chemistries being research, 
including different type of metal-air batteries, and batteries which based on negative ions. 

                                                           
14 http://web.mit.edu/sloan-auto-lab/research/beforeh2/files/PHEV%20costs.pdf, accessed May 2016. 
15 Ibid. 
16 https://www.technologyreview.com/s/523251/new-battery-material-could-help-wind-and-solar-power-go-
big/, accessed June 2016. 

http://web.mit.edu/sloan-auto-lab/research/beforeh2/files/PHEV%20costs.pdf
https://www.technologyreview.com/s/523251/new-battery-material-could-help-wind-and-solar-power-go-big/
https://www.technologyreview.com/s/523251/new-battery-material-could-help-wind-and-solar-power-go-big/
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But ultimately, none of the above technologies can compete with Li-ion for automotive 
applications now.  

Three energy storages deserved mentioning: Lead acid battery, hydrogen fuel cell, and 
electrochemical capacitors, also known as, supercapacitors. Lead acid batteries are very 
matured and widely used for the past 50 years, but far from being perfect. They have 
significantly lower energy density than Lithium-ion and are not suitable for discharges over 
20 per cent of its rated capacity. So, when operated at a deep rate state of charge (SOC), 
they tend to have a limited life cycle (Khaligh and Li, 2010). The clear advantage is the 
comparatively low-cost due to high production volume, making lead-acid the battery of 
choice in many developing countries. Lead acid batteries are also widely recycled – way 
ahead of Lithium recycling that involve risks of fire and explosions. 

Hydrogen Fuel Cells (FC) generates electricity through a chemical process known as 
electrolysis. Although different combinations of fuels and oxidants are possible for FCs, 
hydrogen is currently an ideal nonpolluting solution because the only byproduct is just 
water. The advantages of the FC include high conversion efficiency of fuel to electrical 
energy, quiet operation, zero or very low emission, waste heat recoverability, fuel flexibility, 
durability, and reliability (Khaligh and Li, 2010). The main issue here is the relatively low 
volumetric energy density (2.6 kWh/L for liquid hydrogen compared with 6 kWh/L for 
petrol) which means that hydrogen fuel tanks have to be nearly twice the size of petrol fuel 
tanks to offer same energy output. Hydrogen FC is still in developing stage requiring 
extensive researches to be commercially practical. 

The power density of supercapacitors is considerably higher than that of battery, allowing 
for a large burst of output currents. Researchers are investigating various methods to 
improve the energy-storage capability which would make supercapacitors the ultimate 
storage devices for EV application. Now, supercapacitors can be used as assistant energy-
storage devices for HEVs, in a stop-and-go driving condition to capture electricity from 
regenerative braking and quickly delivering power for acceleration due to their fast charge 
and discharge rates (Khaligh and Li, 2010).  

Another major consideration for EV application is the life span of batteries, reflected in a 
cycle count and longevity. Most EV batteries are guaranteed for 8 to 10 years or 160,000 
kilometers. The big challenge lies in performance degradation through aging, especially in 
hot climates. Without information as to how batteries age under different user conditions 
and climates, EV manufacturers increase the size of the batteries to allow for some 
degradation within the guaranteed service life17.  

3.2 Advanced Powertrains 

The prime components of advanced vehicular drivetrains consist of advanced power 
electronics and motor drives – responsible for a major part of energy usage. Other energy 
outputs come from auxiliary loads such as lights, pumps, fans, and electric motors for 
various functions. These also include some advanced electrically assisted vehicular loads 
such as power steering, suspension system, air conditioner, electromechanical valve control, 
active suspension/vehicle dynamics, and catalytic converter (Emadi et al., 2006).  

                                                           
17 http://batteryuniversity.com/learn/article/is_li_ion_the_solution_for_the_electric_vehicle, accessed May 
2016. 

http://batteryuniversity.com/learn/article/is_li_ion_the_solution_for_the_electric_vehicle
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There is a trend toward expanding electrical loads and replacement of mechanical, 
pneumatic, and hydraulic systems with more electrical systems to improve performance. 
The x-by-wire – where x stands for vehicular functions such as steer or brake, are gaining 
attention to replace similar functions traditionally achieved by mechanical linkages. The 
technology, being widely used in aviation, requires highly reliable and fault-tolerant 
electrical power systems to guarantee reliability and safety. Luxury loads such as 
information and entertainment are receiving lots of hype recently. On-board telematics 
units will be an integral part of Intelligent Transport System (ITS) to collect, communicate, 
and crunch transport data between vehicles and infrastructures – enabling the so called 
“connected vehicles”. New entertainment services can be enabled by the widely-discussed 
vehicular Ethernet – that can combine data from different domain at higher speed rates, 
with an extremely lightweight protocol for error-check best-effort delivery of data (Sommer 
and Dressler, 2015).  

Increasing load demands has led to the impending transition of automotive electrical 
systems from 12-V conventional to 42-V PowerNet system. The aim is to support future 
electrical loads to be introduced in the more electric environment of the future cars. Shifting 
toward higher voltage level reduce currents – thus mitigate wiring harnesses which are 
getting heavier and bulkier. Despite these clear benefits, transition did not happen because 
switching off at 42-V is not an easy task. Mechanical switch relies on metal contacts which 
shut off electrical flow as metal contacts separate apart. When the gap between metal 
contacts widen, tremendous heat is generated from a short electrical arc trying to bridge 
the gap. Contact erosion in 42-V draws a much longer, hotter arc and vaporizes more metal 
– reducing the lifetime of these switches. The upgrade was interrupted by reliability issue, 
along with potential loss of trillions of dollars by the industry once 12-V infrastructures and 
aftermarket accessories become obsolete. The industry is turning to other innovative 
measures such as wire multiplexing to reduce the size and mass of low-voltage harnesses, 
and optimization of electrical systems based on well-established 12-V bus.  

The advanced drivetrains, found in commercially available HEVs and BEVs, are very energy 
efficient and technologically matured to propel sustainable transportation. Electric motors 
are ideal for powering cars – being lightweight and extremely powerful; they do not need 
complex transmissions, and can provide full rotational force starting with zero rpms. 
Internal combustion engines, by comparison, do not produce high torque until they are 
spinning at thousands of rpms. Modern electric motors have high torque density, high 
efficiency, high reliability, and high performance-cost ratio. They produce low vibration and 
audible noise, such that some manufacturers decide to add artificial noise into the design, 
so pedestrians would hear the car coming. Electric drivetrains also have relatively fewer 
moving parts than internal combustion engines – thus generally have longer lifetime and 
require little maintenance. Combined with advanced power electronic drive, electric 
vehicles convert battery power to motive power at the wheels – at about six times more 
efficient than the average gasoline-fueled vehicles. Figure 5 shows system efficiency of the 
electric traction drive system which achieved more than 93 per cent efficiency as of 2015, 
and will likely reached 94 per cent by 2020 – in comparison to 25 per cent efficiency of the 
standard internal combustion engines. The unit cost is reducing dramatically from 19 
USD/kW in 2010 to 12 USD/kW in 2015, signifying the ever-growing economic viability. 
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Figure 5: Technical assessment of electric traction drive system and future research areas18 

Conventional automotive manufacturers are heavily invested in their engine, transmission, 
and body designs and assembly. Due to this previous investment, automakers try to force 
batteries and motors into an existing platform which was not optimally designed for electric 
vehicles. The result is a poorly designed vehicle with significant flaws due to space and 
weight distribution constraints. Innovative trends converged on integrated design – has 
seemed to be a new and successful remedy adopted by many OEMs. The Tesla Motor’s 
model S is one example of innovative design that will likely be a foundation for the future of 
electric mobility. Model S is a unique car, with everything designed to maximize the battery 
range. The body shape is very aerodynamic and made up of lightweight aluminum. The 
design team put tremendous efforts to reduce the drag to conserve energy. Even the door 
handle can be retracted into the body to reduce drag. The model S powertrain is incredibly 
small – an electric motor as small as a watermelon fitted between the rear wheels. With the 
motor connected directly to the wheel, there is no need for a drive shaft, so there are no 
rises under the rear metal seats. Moreover, there are no fuel tanks or transmission systems, 
so the model S has free space from the floor upward.  

The new Tata Pixel concept car took new design approach optimized for urban driving 
environments. A ‘Zero Turn toroidal traction-drive Infinitely Variable Transmission (IVT) 
allows the Tata Pixel to maneuver and park under tight corners and spaces. The highly 
efficient, cost-effective system assists rotation of the outer rear wheel forwards and the 
inner rear wheel backwards during low-speed maneuvers, while the front wheels turn at 
acute angles – resulting in a turning circle radius of just 2.6 meters. Innovative diamond-
shaped door system rotates upwards from the front to allow passengers to effortlessly 
enter or exit the vehicle even in the tightest of spaces. The glass area on the scissor doors 
provides excellent visibility during the most extreme turning maneuver. With only 3 meters 
length, Tata Pixel is a perfect vehicle for tight-corner urban parking. 

Another example of integrated design is the Heuliez Will electric vehicle which utilizes the 
Michelin Active Wheel (figure 6). The Michelin Active Wheel is a light design solution that 
integrates an in-wheel electric motor, an electric suspension system, a compact braking 

                                                           
18 http://energy.gov/sites/prod/files/2014/03/f10/vtpn08_rogers_ape_2011_o.pdf, accessed May 2016. 

http://energy.gov/sites/prod/files/2014/03/f10/vtpn08_rogers_ape_2011_o.pdf
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Figure 6: Michelin Active Wheel, 

integrating electric motor, suspension, 

braking, and Michelin tire. 

system, and an energy saver Michelin tire into a single 
product. A vehicle may feature up to four Active Wheels 
for all-wheel-drive traction. The torque produced by each 
wheel can be electronically and individually controlled – 
which results in an effect like active differential gear trains, 
that allow a vehicle to make a faster turns around tight 
curves. Since there is no need for a traditional engine in 
the front of the vehicle, this area can now be entirely 

dedicated to impact absorption – to improve safety.  

Advanced drivetrains are categorized by different concepts and 
topologies – each with its specific advantages and disadvantages. 

Figure 7 illustrates three concepts of electric vehicles (EVs) – which are: Hybrid electric 
vehicle (HEV), Plug-in hybrid electric vehicle (PHEV), and Battery electric vehicle (BEV). 

 

Figure 7: Concept of different electric vehicles 

3.2.1 Hybrid Electric Vehicles 

The dual-propulsion hybrid electric vehicles (HEVs) are operational, market-ready, and 
matured technology that can be scale up immediately. In summary, HEVs can19: 

(i) Achieve greater fuel economy than ICE-powered vehicles in urban environments 

• Improve ICE’s operational efficiency 

• Reduce the size and weight of ICE (reduce GHG emissions) 

• Enable regenerative braking capability (allow start-stop driving style) 
(ii) Overcome the cost and range issues of Battery Electric Vehicles (BEVs) 

• Do not need to be charged (no charging infrastructures required) 

• Smaller battery pack (significantly cheaper) 

• Fossil fuel allows for long driving range and fast refueling  

                                                           
19 M. Eshani, Y. Gao, A. Emadi, Modern Electric, Hybrid Electric and Fuel Cell Vehicles, CRC Press, 2010 
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Figure 8: Use of different HEV powertrain 

architecture in Asia for Concept Cars and 

Series Vehicles between 2003 and 2012 

(Frieske et al, 2013)  

(iii) Include energy displays that can influence driver behaviors 

• Allow HEV owner to learn how fuel economy varies over speed, terrain, and 
weather 

Large-scale deployment of HEVs can 
significantly moderate fuel consumption 
(L/100km) in transport sector, which if reduce 
by 50 per cent until 2050 can save up to 33 Gt 
CO2 and up to USD 8 trillion globally20. HEVs 
work best in urban environments in a start-
stop driving style shaped by heavy traffic 
congestion. Start-stop driving style conserves 
energy via regenerative braking technology 
that allows frictional energy loss during 
braking to be retrieved, stored, and later used. 
HEVs do not require charging infrastructures or 
electricity from the grid, so their deployments 
are independent of costly infrastructural 
investments. 

There are three hybrid configurations – series, 
parallel, and series-parallel. Figure 8 illustrates 

a dominating trend for combined series-parallel HEV configuration observed in concept cars 
between 2003 and 2012. = 

Over 10 million HEVs have been sold Considering that the development of hybrid electric 
systems will be an intermediate step, at which hybrid technologies serve as transitory 
technologies on the way to purely battery electric driven vehicles; it is reasonable to assume 
that different hybrid vehicles concepts will exist in the future automotive markets (Schmid 
et. al., 2011). 

3.2.2 Plug-in hybrid electric vehicles 

Plug-in hybrid electric vehicles (PHEVs) are HEVs that can be plugged-in to the grid to 
recharge its battery pack. PHEVs are distinguished by much larger battery packs and a 
larger-sized electric motor than HEVs-counterparts – offering All Electric Range (AER) 
between 20 to 50 miles. The AER indicates how far the vehicles can be driven purely on 
stored electricity without any fossil fuel consumption. PHEVs are usually designated 
together with their AER; for example, “PHEV-40”. PHEVs can be of any hybrid configurations 
and therefore conserve most advantages of HEVs. 

In the U.S., statistic indicates that 78 per cent of commuters drive less than 40 miles per 
day21. Another report22, which analyzed U.S. travel data, indicates that the average daily 
drive total for urban-based cars was just 36.5 miles, while rural-based cars drove an average 
of 48.6 miles. Under these context, PHEV-40, PHEV-50, and above can displace a significant 
amount of fossil fuel by utilizing electricity-based propulsion system. Once stored energy 

                                                           
20 GFEI State of the World 2016 
21 U.S. Department of Transportation, Bureau of Transportation Statistics, the Omnibus Household Survey, 
OmniStats. Volume 3, Issue 4. October 2003. 
22 http://www.solarjourneyusa.com/EVdistanceAnalysis.php, accessed May 2016. 

http://www.solarjourneyusa.com/EVdistanceAnalysis.php
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has been depleted, PHEVs can operate like a regular HEV – using fossil fuel as the primary 
source for extended range capable of fast refueling.  

Chevrolet Volt is one of the leaders in market in plug-in hybrid having combined sales of 
over 117,000 units as of June 201623. The new 2016 model will increase AER from 38 miles 
to an impressive 53 miles – estimated to work like a pure EV for 75 per cent of all peoples’ 
daily driving needs, with gas engine backup for no range anxiety. 

3.2.3 Battery electric vehicles (BEVs) 

Battery electric vehicles (BEVs) are purely electric with no internal combustion engines – 
capable of producing zero tailpipe emissions. If the charging electricity is renewables, BEVs 
can be environmentally friendly and oil independent. New BEVs, such as the famous Tesla 
model S, can achieve impressive range, shorter charging time, and very large cargo space. As 
mentioned earlier, the model S impressive design integrates major components together to 
minimize complexity of the drivetrain – reducing weight and increasing space. Tesla has 
gained tremendous public support, showcasing that electric mobility is the innovations of 
the future that finally is here to stay. However, the unit cost of Tesla is still expensive for 
majority of consumers; only achieving the upper market share with nearly 125,000 cars sold 
since the first Roadster was delivered in 200824. 

For low-end market share, the Nissan LEAF is one of popular model highway-capable all-
electric car. Almost 220,000 LEAFs have been sold worldwide by mid-April 2016 with the 
three top markets – the United States, Japan, and Europe. The 2016 model year LEAF is 
fitted with 30 kWh battery, capable for a range of 172 kilometers on a full battery charge. 
The battery packs can be charged from fully discharged to 80 per cent capacity in about 30 
minutes using DC fast charging25.  

BEVs are currently constrained by range and price – two factors which are inversely 
proportional. Maximizing the range at lowest price require significant development in 
battery technology especially by reducing battery cost (USD/kWh) and improve energy 
density (Wh/kg). Another important change can come from economy of scale. Once electric 
cars are produced in large volumes, the cost differences between electric cars (both BEV 
and PHEV) and those using improved ICEs may fall below 10 per cent of the total vehicle 
cost, making them increasingly competitive26. 

3.2.4 Electric Bus 

Electric buses are emerging market particularly in Southeast Asian countries. The 
government of Thailand and the Bangkok Mass Transit Authority (BMTA) has a policy to 
open bids for electric buses to be used in the BMTA system. Twenty electric buses will be 
operational on a demonstrative basis in September 2016. This came after the purchase of 
489 NGV-powered buses, which BMTA planned to buy 2,694 more in the second phase of its 
THB 13 billion procurement project. The second phase will be allocated to favor electric 

                                                           
23 http://www.hybridcars.com/top-selling-chevy-volt-crosses-100000-us-sales-milestone/, accessed August 
2016. 
24 http://www.ibtimes.com/tesla-motors-tsla-1q-2016-sales-14820-model-s-model-x-cars-were-delivered-first-
three-2348000, accessed August 2016. 
25 http://www.wired.com/2009/08/nissan-electric-leaf/, accessed June 2016. 
26 Global EV outlook 2016: Beyond one million electric cars, OECD/IEA 

http://www.hybridcars.com/top-selling-chevy-volt-crosses-100000-us-sales-milestone/
http://www.ibtimes.com/tesla-motors-tsla-1q-2016-sales-14820-model-s-model-x-cars-were-delivered-first-three-2348000
http://www.ibtimes.com/tesla-motors-tsla-1q-2016-sales-14820-model-s-model-x-cars-were-delivered-first-three-2348000
http://www.wired.com/2009/08/nissan-electric-leaf/
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buses following successful demonstration of the new vehicles27. The biggest challenge will 
be the price: an electric bus still cost around THB 16-17 million due to batteries’ initial cost 
and import tariffs, whereby, a NGV-powered bus is only around THB 3.5 million28. 

3.2.5 Electric Two-Wheelers 

Electric two-wheelers have emerged as a low-cost innovative solution, enjoying both 
commercial successes as well as being a recognized racing sport. The inception of TTXGP in 
2009 marked a new beginning of electric two-wheelers that reshape the stereotype of slow 
and ugly electric scooters. These racing series gave the manufacturers incentive to do rapid 
R&D, and a playground in which to test what they had designed. Electric 2-wheelers are 
about one-fifth of the global total – with commercial success exemplified in the case of 
China – a country where this new type of powertrain has succeeded in becoming dominant 
within a decade (figure 10)29. 

 

Figure 10: China 2-wheeler sales30 

Three-wheelers or rickshaws – famous among South and Southeast Asian countries – have 
already been electrified in mass. Electric rickshaws are designed to operate on brushless DC 
motor manufactured mostly in India and China to be used in conjunction with a power 
electronics controller unit. The battery used is mostly lead-acid battery due to its low cost. 
Deep discharge batteries designed for electric vehicles are rarely uses, so the battery 
degraded quickly and needed to be replaced within 6 to 12 months. Weight of the electric 
car has also been a recurring difficulty in design. These electric rickshaws lack standard in 
design, and often, unregulated – with most vehicles being assembled in the country of uses 
from parts coming from China or India. 

Electrification can also be applied to other types of road vehicles, other than light-duty 
vehicles (LDVs). Buses, two-wheelers, and three-wheelers have already been electrified in 
many Asian countries. Several options are available for electric buses. On-board options 
include battery electric bus, and gyrobus that use flywheel energy storage system. Other 
option: trolley buses powered by two overhead electrical wires via two roof-mounted 
trolley poles can also be deployed without the need for onboard energy storage systems; or 
the Online electric vehicle (OLEV) by the Korea Advanced Institute of Science and 

                                                           
27 http://www.bangkokpost.com/learning/work/886408/bangkok-buses-old-buses-electric-buses-no-more-
ngv-purchases, accessed August 2016. 
28 http://www.manager.co.th/iBizChannel/ViewNews.aspx?NewsID=9590000002155, accessed August 2016. 
29 Energy Technology Perspectives 2012: Pathways to a Clean Energy System, IEA 
30 Ibid. 

http://www.bangkokpost.com/learning/work/886408/bangkok-buses-old-buses-electric-buses-no-more-ngv-purchases
http://www.bangkokpost.com/learning/work/886408/bangkok-buses-old-buses-electric-buses-no-more-ngv-purchases
http://www.manager.co.th/iBizChannel/ViewNews.aspx?NewsID=9590000002155
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Technology (KAIST), which is propelled by a high frequency electric cable buried under the 
pavement, via electromagnetic induction. 

A flash charging system installed at every stop can also be used, in conjunction with, 
supercapacitors-installed electric buses. The principal operation is to quickly charge the 
supercapacitors (within 15 seconds), just enough to power the vehicles to get to the next 
flash charger. The system called ABB automatic flash charging system is currently being 
prototyped by Geneva’s public transport company31. 

3.3 Impact on Electrical Grid and Vehicle-to-Grid (V2G) 

Decarbonizing electricity supply and increasing end-use efficiency are the two key 
components of sustainable transportation. All electric driving is considered as zero-
emissions because there are no tailpipe pollutants. However, the electricity used to 
recharge EVs may be generated from fossil fuels which produce GHG emissions. Over 65 per 
cent of the world’s electricity is generated by steam turbine generators burning fossil fuels 
as their prime movers. Large scale fossil fueled power plants provide base load generating 
capacity, using either coal (60%), gas (30%), or oil (10%). The overall efficiency of a modern 
fossil fueled electrical power generating plant on average is about 40 per cent32. The 
electricity transmission and distribution losses on average about 6 per cent of the electricity 
that is transmitted and distributed33. Advanced electric drivetrain can achieve efficiency 
greater than 93 per cent in 201534. Assuming that battery self-discharging, frictional and 
drag losses are not the factor, the overall efficiency of EVs from well-to-wheel are around 35 
per cent – already greater than the estimated 25 per cent of ICE drivetrain. The well-to-
wheel efficiency of EVs will improve further by advancing vehicular technologies, electrical 
grid, and renewable generating capacity. 

Charging plug-in vehicles have two distinct impacts on the electrical power system; the 
impacts on the power delivery system itself and the impacts of incremental demand on 
electric supply resources – observable impacts on voltage and losses appeared to be highly 
localized and are most dramatic at a very small number of discrete locations, while the rest 
demonstrated the capability to absorb very large charging loads (Evans and Kuloor, 2009). 
At distribution level, new load peaks created by numbers of plug-in vehicles can, in some 
case, exceed the distribution transformer capacity. The myth that thousands of EVs will 
seamlessly fold into the power grid by charging at night, using otherwise idle generating 
plants and power grids, is breaking down. It is unlikely that EV fleet will crash the entire grid, 
but it could very well cause local trouble – potentially blacking out the neighborhoods that 
feature intensive EV charging.  

Transformers are the weakest link in the local neighborhood circuits. Most utilities employ 
undersized transformers, which are designed to cool overnight. Without time to cool, 
sustained excess current will eventually cook a transformer’s copper windings, causing a 
short and blacking out the local loads it serves. With electricity rates designed to discourage 
charging during the day time threaten to intensify the nigh-charging challenge, the grid must 
be fortified and strengthened before trouble starts (Fairley, 2010). Several transmission 

                                                           
31 http://new.abb.com/smartcities/transport/electric-buses/flash-charging, assessed June 2016. 
32 http://www.mpoweruk.com/fossil_fuels.htm, accessed May 2016. 
33 https://www.eia.gov/tools/faqs/faq.cfm?id=105&t=3, accessed May 2016. 
34 http://energy.gov/sites/prod/files/2014/03/f10/vtpn08_rogers_ape_2011_o.pdf, accessed May 2016. 

http://new.abb.com/smartcities/transport/electric-buses/flash-charging
http://www.mpoweruk.com/fossil_fuels.htm
https://www.eia.gov/tools/faqs/faq.cfm?id=105&t=3
http://energy.gov/sites/prod/files/2014/03/f10/vtpn08_rogers_ape_2011_o.pdf
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lines are already frequently operating at maximum. Whereas, one EV per pole transformer 
is unlikely to have an overload concern, there could still be a problem if the vehicle is 
charged during peak hours. Other necessary upgrades include home meters, power 
distribution substations, and electric vehicle supply equipment (EVSE).  

Alternatively, such localized issue can be countered with cheaper non-infrastructure-altering 
scheme such as optimized charging profile, and other possible demand management 
solutions (Shao et al, 2009). Although the charging load impacts can be substantially 
reduced through management of the placement of these loads, the dynamic nature of plug-
in vehicles present a fundamentally challenge in that the network operator has little direct 
control over the locations of these vehicles within the network.  

Plug-in vehicles relying on off-peak charging even at high-kW rates remains viable from a 
power delivery system standpoint, and that it may not be necessary for the grid operator to 
dictate the placement of the charging load of each individual vehicle. It may be sufficient for 
the grid operator, having identified the delivery system’s sensitive locations, to manage the 
charging rates of a few vehicles connected in those few known sensitive locations (Evans 
and Kuloor, 2009). 

Future transportation system will need to be integrated with the electrical power system by 
means of information and communication technology (ICT). Integration allows grid 
operators to know the exact locations of vehicles in motion, presenting suitable charging 
points to drivers, or regulating charging rates of EVs in sensitive locations. Telematics are 
necessary on-board devices that will allow EVs to communicate with grid operators and vice 
versa. The electrical power system itself require transformation into a smarter grid that 
support multi-directional power flow, whereas, a dedicated center is needed to manage 
travel plans and reservation of charging spots spatially and in time. These supportive 
environments need to be strengthened to mitigate the adverse effects of large plug-in 
vehicles fleet. ICT can provide timely information to match the dynamic demands from 
transport sector. 

Sustainable transportation needs to consider well-to-wheel carbon footprint – the carbon 
emitted by obtaining fossil fuels, converting them into electricity, and using that electricity 
to produce motive force. The underlying conclusion: electrifying transportation would 
reduce greenhouse gases, and as the grid gets cleaner, the benefits increase (Voelcker, 
2013). The recent hype of renewable technologies – such as photovoltaic, solar thermal, 
wind turbine, tidal wave farm, hydroelectric and geothermal – increase the potential 
sources of energy for transport sector. However, scaling up renewable energy will require 
tremendous efforts and time, so moderating fossil fuels usage by other means can be an 
acting mechanism now. 

Renewable energy is intermittent and dispersal in nature, so distributed generation 
connected with local energy storage systems is necessary. A micro grid, operating in a small 
confined and independent network, can enable deployment of distributed generations to 
supply local loads or store in energy storage systems when energy is at a surplus. Adding ICT 
to the grid will create a flexible network known as smart grid, that allow effective transfer of 
energy to balance electricity demand and supply. Flexibility in grid topology and 
enhancement of data is the key to achieve resiliency, reliability, and availability of energy 
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which enabled mobility. Flexibility will also ease any future upgrade or scaling up, while 
availability of data can serve as performance indicators of existing projects. 

Distribution-connected electric storage can be replaced with plug-in vehicles in a vehicle-to-
grid (V2G) operation to improve power delivery network performance. Plug-in electric 
vehicles with V2G capability require bi-directional power electronics capable of both taking 
power and providing power from/to the grid. For distributed energy applications, V2G can 
provide voltage and frequency regulation, spinning reserves, electrical demand side 
management and loss reduction. If deploy in large number, the benefits will include the 
fleet’s potential to absorb excess electricity produced by renewable sources, when the grid 
is operated at low load conditions (Kramer et al, 2008). Plug-in vehicles with V2G capability 
promises to increase consumers and get more commercial attention soon, as gas price rises; 
and energy policies that create new services arise. 

The smart electrical infrastructures are prerequisites to represent the true cost of electricity 
at the electric vehicle supply equipment (EVSE) – a crucial step to promote sustainable 
consumption pattern. Ideally, the cost of recharging should be real-time, location-binding, 
and dynamic to the every-changing cost of electricity determined by the price of primary 
energy sources, availability of renewables, and associated carbon emissions. To achieve this, 
a real-time price-based demand management system embedded with geospatial 
information system (GIS) is needed to disseminate information – allowing drivers to find 
charging points with renewable energy excess, and plan their sustainable charging schedule 
spatially and in time. This smart charging approach can help EVs to synchronize with 
distributed renewable energy sources which ultimately secure the environmental benefits.  

Beside grids’ bottleneck at the local transformers as mentioned earlier, deployment of 
EVSEs still lacks an essential component: a working business model – which provides profit 
for charging station owners and at the same time attract customers to ensure business 
viability in the long term.  

 

Figure 11: Different service models for EV charging (Markkula et al, 2013) 

Figure 11 presents different service models – categorized by different factors: technology, 
power, identification, payment, service provider, and other services. Each category consists 
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of attributes which organized from left to right according to rising complexity and service 
level. This representation provides a quick and excellent look at the available solution 
possibilities for service provider perspective. 

The first set of attributes on the left side is quite straightforward: 1-phase, 3.7 kW charging 
privately owned charging points can be operated in most modern buildings. Domestic 
charging operates on AC level 1 and level 2 charging standard (J1772 standards35). The AC 
level 1 provides charging through a 120-volt AC plug at 1.4 kilowatts – equivalent to 
electricity consumed by 0.7 household. This standard, come with most plug-in electric 
vehicles; can achieve 6 kilometers per hour of charge. The AC level 2 offers charging through 
240 volts at 3.3 or 6.6 kilowatts – equivalent to electricity consumed by 1.5 to 3 households 
– can achieve 19-38 kilometers per hour of charge. 

The last set of attributes on the right side represents a futuristic version. A wireless charging 
with high power, payment based on usage, access to charging internationally and 
automatically, and offer ancillary services and price discounts – is an option harder to 
achieve, more expensive, and demands several actors to involve and cooperate (Markkula 
et al, 2013). 

The near future of EV charging is somewhere between the two extremes. Domestic charging 
has to be used whenever possible to substantially lower number of public charging stations. 
Public quick charging station service cannot compete with domestic charging in term of 
price, but they can offer something else entirely – serving as an enabler; to extend the range 
within short recharging durations. The near- to mid- term public charging setup is most 
likely going to be based on a DC quick charging topology with 50 kilowatts maximum that 
can achieve 80-110 kilometers of range per 20 minutes of charge. 

The business model must not imitate the gasoline station infrastructure, but rather be freely 
constructed based on new customer preferences (Markkula et al, 2013). This can be 
achieved by providing the customers services that served their needs at the prefer location 
– which calls for market research by potential investors. It is also important for investors not 
to trust the existing assumptions of customer expectations but to test them. EV charging 
might be a viable business, especially, to the early investors that can create committed 
customer relationships.  

There are certain risks that need to be mitigated. First is the standardization issue which 
depends on car manufacturers’ and standardization organizations’ decisions. If the future 
development would make the chosen technology to be invalid, the cost of switching would 
be large, almost half of the investment costs with present prices (Markkula et al, 2013). 
Current EVs come in many plug standards – J1772 Combo used by Chevrolet and BMW; 
CHAdeMO used among Japanese carmakers: Nissan, Mitsubishi, Toyota, Fuji; and Tesla 
Combo designed specifically for Tesla’s products.  

The second issue is high investment and operating costs, whereas, the variable costs (per 
MWh) is relatively low. Therefore, the active use of station services is the key to 
profitability. The user base doesn’t need to be vast for a single charging station to generate 
profit, but requires committed customer who visits the station regularly. Financial losses are 
expected in the early days of station – when the number of user visited per year is low. 

                                                           
35 http://www.afdc.energy.gov/fuels/electricity_infrastructure.html, accessed June 2016. 
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Large working capital is needed due to high initial investment costs, but these issues can be 
mitigated through longer-term deals with customers – to secure cash flow and future 
customer visits (Markkula et al, 2013). 

Tesla Motors took different approach with its supercharger36 – the world’s fastest 
commercial charger capable of delivering up to 120 kW of power directly to the battery 
which equates to about 170 miles of range within 30 minutes of recharging. The company 
which builds EV fleet is operating in its own ecosystem, so active customers are ensured. 
These superchargers are free services for customers who own the Tesla Model S. The cost of 
charging network is already included in the price of the car. Tesla recommend charging up 
the battery pack to 80 per cent which is typically enough to reach the next supercharger 
station – this is to ensure quick recharge, as charging from 80 per cent to 100 per cent 
would double the charge time as the state of charge (SoC) need to be balanced. Currently, 
Tesla Motor has installed 624 supercharger stations with 3,708 superchargers as of 2016. 

More EV manufacturers are getting into the charging business – not for direct profits, but to 
improve the sales of their fleet. For example, Nissan and BMW will jointly plan and build a 
network of charging stations in South Africa for use by both Nissan and BMW vehicles37. 
Nissan also support the government of Bhutan to build six recharging stations in the capital 
to support its Nissan LEAF sales38. In Japan, there is now more electric car charging stops 
than petrol stations39. Japanese government subsidies for electric, hybrid and other low-
emission cars purchase have spawned a network of public and private power points across 
the country. This exemplifies that a good policy decision by the government body can work 
a long way to ensure continued market growth of new technologies.  

Alternatively, other manufacturers have considered battery swapping technologies which 
allow battery pack to be replaced within minutes, capable of matching refueling time of 
gasoline- or diesel-powered vehicles. The concept has already been prototyped and tested – 
such as Tokyo Toranomon BSS V0.2 and Isarel’s Petach-Tiqva BSS V0.140 – with major 
concerns around compatibility. Since different auto manufacturers have different car 
designs and specifications, building battery swap stations for all EVs can poses serious 
interfaces issues including: mechanical interfaces, high voltage power interfaces, thermal 
interfaces, and low voltage and data interfaces. New standards for EVs’ design must be in 
place for this concept to materialize. 

3.4 Implications from materials and manufacturing 

It is arguable that making lithium-ion battery packs, electric motors, ultralight materials, and 
power electronics releases more carbon into the atmosphere than what the vehicle saves in 
operation. Extraction of the raw materials to build the vehicle makes up 4 per cent of a 
vehicle’s lifetime carbon footprint, and building it adds another 2 per cent (Voelcker, 2013). 
The National Academies of Sciences concluded that the lifetime health and environmental 

                                                           
36 https://www.teslamotors.com/supercharger, accessed May 2016. 
37 http://www.nissan-global.com/EN/NEWS/2015/_STORY/150525-02-e.html, accessed June 2016. 
38 http://www.reuters.com/article/us-bhutan-climate-change-autosales-idUSKBN0OP0W720150609, accessed 
June 2016. 
39 https://www.theguardian.com/world/2016/may/10/japan-electric-car-charge-points-petrol-stations, 
accessed June 2016. 
40 Giilles Mulato et al., Easy Battery Swapping, RENAULT. 
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Figure 12: Yearly demand for EV battery in 

gigawatt hours 

damages from electric cars exceed those from gasoline cars, especially, in the country that 
generates most of their power from coal.  

Moreover, it is necessary to ensure that replacing fossil fuel with new technologies will not 
give rise to more problems. For example, batteries for EVs are based on materials like 
lithium and cobalt – where mining can be an extremely destructive process. Chile’s high 
Atacama Desert represent about 80 per cent of the world’s easily exploitable lithium 
reserves41, whereas, about 80 per cent of the world’s cobalt supply is in central Africa’s 
Copper Belt42. Often, the residents benefit little from these endeavors and sometimes 
mining tends to happen to the unstable region with constant conflict situations including 
Bolivia and the Democratic Republic of Congo. Increasing dependency on electric drivetrain 
require addressing these issues, otherwise, may suffer the risk of trading the conflicts in the 
Middle East for another set of problems. 

As the price of battery continues to fall, 
demand for EVs’ battery will rise (figure 
12). Securing lithium and other finite 
materials used in battery may become a 
new challenge. However, this will not be 
an issue in immediate future. Through 
2030, battery packs will require less than 
1 per cent of the known reserves of 
lithium, nickel, manganese, and copper; 
and 4 per cent of the world’s cobalt43. 
After 2030, new battery chemistries will 
most likely shift the demands for other 
materials. 

It is also possible that lithium production 
will remake the geopolitical landscape, if 
lithium demand becomes increasingly 

important in global energy. The new landscape will not be anything like today, as lithium are 
fully recyclable, and is not an exhaustible commodity like oil. Moreover, it would be much 
easier to substitute Lithium with other battery chemistries than it has historically been to 
substitute for oil. 

 

In an immediate future, production of EVs’ batteries will definitely depend on lithium and 
cobalt. Currently, industrial processes are focused on recycling cobalt and other valuable 
metals; whereas only 3 per cent of lithium ion batteries are recycled today (Vikström et al., 
2013). This is because, given lithium’s current low price and risk of explosion hazards, it is 
economically unfavorable to do so. Looking ahead, current industrial processes of recycling 
lithium ion batteries do not recover adequate amount of lithium to meet forecast demand 

                                                           
41 http://www.caranddriver.com/columns/aaron-robinson-as-we-go-green-with-clean-electric-cars-
somebodys-going-to-get-dirty-column, accessed May 2016. 
42 http://www.caranddriver.com/columns/aaron-robinson-out-of-africa-where-electric-vehicle-batteries-
come-from-part-ii, accessed May 2016. 
43 http://www.bloomberg.com/features/2016-ev-oil-crisis/, accessed June 2016. 
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Figure 15: Rare earth minerals global share in 

2012 

 

from automotive lithium ion battery manufactures (Sonoca et al., 2015). A study suggests 
that automated processes to disassembled lithium ion battery will be able to recover 
valuable electronic components for reuse, whereas, battery cells can safely discharged to 
recover residual energy, rendering them safe to shred and treat by a more economical mean 
(Sonoca et al., 2015). 

Carmakers are working hard to use less of the costly metals, and even eliminate rare earth 
metals. Since the launch of Toyota Prius in 1997 to a recent mass production of Nissan Leaf, 
the use of rare earth magnets has become common in vehicle traction motors because it 
offered significant performance benefits – being compact with higher torque and power 
density than any other technologies. However, the price of rare earth magnets rose 
significantly in 2011 to 2012, mainly due to geopolitical concerns related to security of 
supply. In 2015, the cost of magnetic materials is roughly half of the PM motors’ cost. The 
scarcity of resources, price volatility, coupled with raising questions over the environmental 
sustainability of these materials in term of mining and refinement, remains a concern 
among manufacturers.  The industry is encouraged to find alternatives, and already Tesla 
Motors uses none of those metals in its motor or battery. 

The availability of rare earth metals in 
Asia creates an opportunity uniquely 
available only to this region. Figure 15 
illustrate the share of global mine 
production of rare earth minerals. 
China along has abundant deposit – 
equivalent to 87.5 per cent of the 
global total44. With more research 
effort into sustainable mining and 

refinement, China could benefit from 
this near monopolized market to drive 
EV industry in the region. 

Ultimately, expensive new things usually get cheaper as the volume of production rises. So, 
the carbon burden of making electric cars will likely fall in the future. Electric mobility is in 
the early stages of the change curve which highlights the urgent need for more studies on 
the environmental impacts of materials and manufacturing. 

4. Challenges for Growth of Electric Vehicles 

Diffusion of radical innovations is described with great levels of uncertainty (Rogers, 1995). 
General consensus agreed that demand side instruments such as consumer subsidies are 
crucial mechanisms during the early commercialization period. However, there are certain 
externalities that can undermine direct market stimulations – rendered them ineffective, or 
slowed down the adoption process. The following are the key challenges for EV uptake: 

4.1 Oil Price and Subsidies 

                                                           
44 http://electronics360.globalspec.com/article/180/china-rare-earth-minerals-and-electric-motors, accessed 
August 2016. 
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Fuel prices have always been a strong influence over driving culture – where countries with 
higher fuel prices tend to drive smaller cars at lower annual mileages45. Similarly, there is a 
strong relationship between fossil fuel prices and EVs adoption (Diamond, 2009), with a 
survey observing that consumers based their purchasing power on general notions of 
perceived savings or vehicle image rather than a detailed benefit-cost or lifecycle cost 
analysis (Sperling et al., 2004). 

The decline in fossil fuel prices creates tremendous challenges for EV adoption, because the 
perceived saving-benefits of EVs have been reduced. This is reflected in the decline of HEV 
sales between 2014 and 2015 shortly after the global oil’s price collapse46. Despite being a 
negative factor on EV deployment, lower fossil prices can also be seen as an opportunity to 
better align pricing with the true costs of energy production, in part by phasing out fossil 
fuel subsidies, setting taxation systems to reflect all external costs, and introducing carbon 
pricing47.  

Blanket fuel subsidies are common practices in several Asia-Pacific countries – to name a 
few: Indonesia, India, Malaysia, Viet Nam, and Thailand (figure 16). These are the 
underpricing mechanism designed to provide accessible and affordable energy to the entire 
populace. Whereas energy is important to economic and social activities, fuel subsidies 
were perceived as being the driver of GDP growth while protecting vulnerable groups from 
energy-price volatility48.  

 

Figure 16: Fossil fuel subsidies in Asia-Pacific49 

                                                           
45 http://www.iea.org/media/training/presentations/day_3_session_34_transport_modelling_momo.pdf, 
accessed June 2016. 
46 http://www.afdc.energy.gov/data/10301, accessed May 2016. 
47 Energy Technology Perspectives 2015: Mobilising Innovation to Accelerate Climate Action, IEA 
48 http://www.adb.org/sites/default/files/publication/182255/fossil-fuel-subsidies-asia.pdf, accessed June 

2016. 
49 http://www.iea.org/media/training/presentations/day_3_session_34_transport_modelling_momo.pdf, 
accessed June 2016. 

http://www.iea.org/media/training/presentations/day_3_session_34_transport_modelling_momo.pdf
http://www.afdc.energy.gov/data/10301
http://www.adb.org/sites/default/files/publication/182255/fossil-fuel-subsidies-asia.pdf
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Although the drawbacks of fossil fuel subsidies are clear and paramount, reformation can be 
difficult. Whenever governments suggest rising the domestic oil or natural gas prices to 
approach market levels, the reaction of consumers is universally negative. Phasing out fossil 
fuel subsidies is more feasible now that the global oil price collapsed. It represents a perfect 
opportunity for governments to align the true cost of energy – considering: GHG and 
pollutant emissions, logistical cost, traffic congestion, and other impact factors. 

Alternatively, financial support can be redirect toward renewables. As of 2014, the global 
fossil fuel subsidy bill is estimated at around USD 490 billion, in comparison to USD 112 
billion in the development of renewable energy technologies in the power sector50. A shift is 
necessary – and even a small marginal change can make big impact. A 50 per cent rise in 
renewable subsidies, to an estimated USD 170 billion in 2040, can secure a five-fold increase 
in generation from non-hydro-renewables51. Countries should revisit their fossil fuel 
subsidies in order to make meaningful contribution to meet targets of the Climate 
Agreement. 

4.2 Consumer Behaviors 

Emerging technologies often compare poorly to existing dominant design in important 
criteria such as price and performance (Adner, 2002). It can be said the same for electric 
vehicles – bottlenecked by higher initial cost, limited range and lack of fast recharging 
stations. The first individuals to adopt EVs (0.1 per cent of the global vehicle stock as of 
2015) are often willing to pay a premium or cope with subpar performance to have the 
latest technology that is environmentally friendly. However, the larger proportion of the 
population known as early/late majority adopters will be much harder to convince.  

Majority adopters are more risk adverse, and might not be willing to purchase an innovation 
so different from the dominant design (Rogers, 1995). In addition, consumer incentives such 
as tax credits and subsidies may have little effect on EV market if consumers have low 
confidence in EV technology (Egbue and Long, 2012). High volume of EVs fleet on the road 
may also encourage majority adopters to consider EVs themselves. This is called a threshold 
effect which argued that a radical change may occur after a quantitative limit or threshold is 
surpassed. Once this happened, EV market may reach mainstream within an immediate 
timeframe. 

A survey52 shows that in the United States, respondents who were aware of plug-in electric 
vehicle charging stations were more likely to view plug-in electric vehicles positively and be 
willing to consider purchasing them. Moreover, a pure electric vehicle would need to be 
able to travel 300 miles on a single charge for 56 per cent of the respondents to be willing to 
consider purchasing one. Another survey in Denmark53 suggests that electric cars are 
perceived to be competitive with conventional ones in term of technological and safety 
stand point. Moreover, it concurs that the main barrier mentioned by most respondents 
was the lack of infrastructure related to an electric car.  

                                                           
50 World Energy Outlook 2015, IEA. 
51 Ibid. 
52 http://www.afdc.energy.gov/uploads/publication/consumer_views_pev_benchmark.pdf, accessed August 
2016. 
53 http://pure.au.dk/portal-asb-student/files/75114198/410749.pdf, accessed August 2016. 

http://www.afdc.energy.gov/uploads/publication/consumer_views_pev_benchmark.pdf
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The main problem is that many consumers still have a limited perception regarding the 
direct benefits they could get from owning an electric vehicle. Reliability, safety, fuel 
economy and ease of use are rarely associated to consumers’ decision to purchase – as they 
tend to focus on the cost of purchasing and maintaining the vehicle. Automotive 
manufacturers could increase their sales opportunities by focusing their communication 
differently – by emphasizing on the concrete and direct benefits rather than indirect 
interests such as the low environmental impact. Such approach has been successful in 
Japan, where the market for electric vehicles is established – as 82 per cent of consumers 
surveyed are in favor of EV, 61 per cent say they have a good knowledge of the subject, and 
63 per cent are open to the idea of buying one54. 

4.3 Knowledge Dissemination and Public Awareness 

Another major consideration is bounded rationality – where individuals tend to make 
imperfect decisions because their rationality is limited by the available information. 
Specifically, for EVs, consumers are aware of only a portion of available options. Purchasing 
decisions do not accurately incorporate fuel economy, environmental impacts, and other 
operating expenses; but rather short-sighted by purchasing unit prices. This can critically 
affect diffusion rates of EVs since benefits from lower pollution levels are rarely a part of 
consumers’ decisions. 

Countermeasures include education, environmental awareness programs, and increased 
investments in key EV technologies. Either promotes the public on the benefits that EVs can 
bring onto the environments, or ensure cost reductions to fit the bill. Consumers’ anxiety 
from technical bottlenecks can be mitigated – such as building public charging stations, 
battery swap program, and provision of strong warranties on EV batteries. Replacing taxis 
and local governmental fleets can fast-tracked EV threshold, demonstrating the feasibility of 
such technology. These demand-side instruments will be particularly important during the 
early commercialization period to raise awareness that attract EV uptake. 

Demonstration alone is not enough. A platform for effective knowledge transfer is also 
needed to disseminate information to the wider audience. Smart phones’ applications are 
an opportunity technology that can be employed by local governments, transport operators, 
and road authority to provide real-time information which would attract EV uptake – such 
as: data provision on charging points availability and how to access them, a dynamic pricing 
electronic payment services that allows drivers to pay at charging points via their mobile 
phones at a price varied according to availability of renewable energy. These apps could also 
introduce available consumer incentive programs, or even feature a user-friendly calculator 
that calculates money saved from using electric vehicles. 

Mobile apps can also be used by transport operators as data gathering tools that harness 
Big Data generated from users. Big data set such as origin-to-destination coupled with 
timestamps can be used to reserve charging schedules, and plan trips ahead of time to 
secure energy. These data, given that sensitive information is masked out, can also be used 
for dynamic load forecasting to optimize electric utility operations; being used as inputs for 

                                                           
54 http://theconsumerfactor.com/en/reasons-why-consumers-do-not-purchase-electric-vehicles/, accessed 
August 2016. 
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new road construction projects by road authorities; as well as, being used for evidence-
based policy makings by the local governments. 

Ultimately, sustainability requires not just sustainable vehicles, but also sustainable 
consumers’ behaviors and driving patterns. In this regard, mainstream media and social 
networks are platforms to influence the public appreciation of electric vehicles – on both 
financial (cost savings) and non-financial benefits (environmentally friendly). Data 
enrichment to increase knowledge transfer is the key to excite the public away from social 
distortion of misinformation and propagate them to a sustainable way of living.  

4.4 Long Term Vision, Commitment and Coherent Planning Strategy 

There is a suggestion that a stable EV deployment framework is needed through at least 
2020 to build industry and consumer confidence55. The deployment framework should be 
reflected and embedded in a coherent urban planning strategy or in a national transport 
master plan. 

Transport sector is controlled by multiple agencies and beneficial to multiple stakeholders 
operating in an interrelated fashion. However, their operating structure is not highly 
interconnected. Often, their independencies would create silo mentality, which discourage 
the sharing of information – that leads to reduced cooperation, efficiency, and performance. 
Following a successful deployment of electric vehicles, transportation will be battling over 
electricity supply against other energy-intensive industries, buildings, and households 
demand. Integrated planning that take EV deployment into consideration can ensure 
services’ continuity and optimization, while negating any potential risks from emergent 
behaviors. 

Moreover, including an EV deployment vision into solid planning can signal a commitment 
that cities officials are willing to make a difference. Strategies may change over time, but 
still they represent a general direction that the city is moving to. It is then important to 
establish a long-term certainty for associated stakeholders – from the private investors who 
have to carry risk when introducing new technology, to early adopting consumers who are 
looking for assurance of the unknowns. In many cases around the world, good policy 
support mechanisms can create confidence that attract financial investments to fuel 
sustainable development. 

Static and coherent strategy can also decouple political influences from long-term transport 
infrastructure projects. This is particularly crucial as an average term of government office is 
shorter than the whole timespan of infrastructure projects. Changes in political institutions 
can sometimes derail ongoing projects deem unaligned with new policies, rendering original 
contracts to be invalid. In this regard, coherent planning strategy can save millions of 
dollars, ensuring projects’ completion, and providing a healthy investing environment to 
support public-private-partnerships (PPPs). 

Governments’ vision on transport sector differs from countries to countries depending on 
unique socio-economic settings. Success to regional deployment of EVs requires a static 
policy framework that provides flexible options to server various needs and settings. Policy 
makers must be allowed a degree of freedom to select policy options most appropriate to 

                                                           
55 Energy Technology Perspectives 2012: Pathways to a Clean Energy System, IEA 



DRAFT 

27 
 

their countries – considering the modes of transport, types of vehicles and technologies, 
available energy sources, and financing options. 

Policy decisions are often based on incomplete, inaccessible or inaccurate data. But change 
is underway. Robust and powerful data ecosystems are emerging and being made more 
accessible through open data, which will enable an evidence-based systematic framework 
that can adapt accurately to the fluidity of modern world. 

5. Review of Existing Electric Vehicles Deployment Policies 

In the Asia-Pacific region China, India, Japan, Thailand, Singapore, and the Republic of Korea 
have some initiative to deploy electric vehicle for public transport. In 2016 and 2017, cities 
such as Hyderabad, Shenzhen and Singapore implemented initiatives to decrease pollution 
and reduce their reliance on fossil fuel imports. In 2017, Hyderabad launched India’s first 
electric airport taxi service with charging stations at the airport. In Singapore, Chinese 
automobile giant BYD teamed up with the Government of Singapore to launch a fleet of 
green taxis. At the same time, a taxi company in Singapore has invited tendering for 100 
electric taxis that will increase its fleet to 130. Simultaneously, Singapore’s Land Transport 
Authority will call tenders to purchase 50 hybrid buses and 60 electric buses. 
 
Shenzhen also offered tax incentives to taxi drivers to boost usage of electric taxis; the 
city now has a fleet of more than 800 zero emission electric taxis. Rapid advances in 
technology have also encouraged take-up rate. As an example, BYD’s E6 model electric 
cab needs 90 minutes to charge and can run 350 km on one charge. Shenzhen have 
switched all public buses to electric models totaling 16,359, this first in the world to have 
all electric fleet. The city is targeting to convers 17,000 taxis to electric by 2020.  
 
The energy white paper of the Government of Nepal envisages policies to promote use of 
electric vehicles, development of charging stations and infrastructure. It aims to increase 
the import share of electric vehicles to 50 per cent in 5 years (by 2023) and the Energy 
Minister is currently using an electric vehicle.56. 
 
BYD analysis and comparison of operation of BYD K9 electric bus and Diesel bus for 10 years 
in Indonesia shows a savings of US $ 185,055 as well as 1.176-ton CO2 saving that is 
equivalent to planning 653 trees.57  
 
There has been some improvement of available driving range for electric bus. Proterra E2 
max (660kwh battery) drove 1101 miles in single charge, Tesla Model S P 100D with 100 kwh 
battery can drive 315 miles in single charge and Hyundai Electric Bus with 256 kwh battery 
has a driving range of 180 miles and can be recharge in on hour58. BYD states that the 
battery could last for 10 years if being charged once a day. In normal condition, the capacity 
retention after 4,000 cycles would remain above 80%. 
 
However, the lack of a charging infrastructure and the prolonged charging time required for 
electric vehicles limit their adoption. Therefore, it is necessary for Governments to 

                                                           
56  Government white paper on energy, water resources and irrigation issued om 8 May 2018. 

57 Presentation made by BYD in Indonesia ‘BYD electrified public transportation solution”. 
58 Noor-E Alam, Presentation made at Dhaka Workshop, 12-13 September 2018 
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simultaneously encourage adoption and boost infrastructure while providing incentives that 
support, embrace and encourage private investors.  
 
As an example, by 2020 the Government of Singapore aims to roll out a total of 1,000 
electric cars, to be supported by 2,000 charging points across residential neighbourhoods, 
key industrial and commercial areas, and the Central Business District. 
 
A SAARC study on electric mass transit also list funding high capital cost, installation of 
charging infrastructure and meeting electricity requirements for operations as the major 
challenge the SAARC countries face in development of electric mobility59.  
 
Steen et al (2015) have compared EV policies and Europe and provide a list of financial and 
tax policies taken by countries as well as benefits to local communities. Zero Emission Urban 
Bus System has produced an eBus report that provides an overview of electric buses in 
Europe60.  
 
Following section outlines details of EV policy in China, India and other countries. 
 
5.1 China 
China has been at the forefront of electric vehicle deployment. Since 2009, China has been 
committed to promoting NEVs61 with a target of having 5 million NEVs on the roads by 2020. 
To realize this ambitious target, the Chinese government offers substantial fiscal subsidies, 
at both the national and sub-national level. Other efforts to encourage the production and 
adoption include marketing promotion policies, conducting market demonstrations, and 
enhancing the construction of infrastructural facilities.  

While the current growth and projection still lagging, the government of China already has a 
forward-looking stance aiming at 7 million NEVs by 2025 to resonate with the strategic 
‘Made in China 2025’ plan which will comprehensively upgrade the Chinese industry and 
move its automotive industry up the value chain. Apart from the obvious economic benefits, 
the adoption of NEVs answers both political and environmental concerns by enhancing on 
energy diversification to reduce oil imports and to reduce CO2 and PM emissions. 

China policy design evolved around creating a domestic base of production through 
innovations and scale economies. Large R&D spending through 863 programs at a total of 2 
billion Yuan was injected into Chinese car manufacturers, universities, and research 
institutes by the Ministry of Science and Technology62. To create domestic demands, China 
also injected a substantial amount of financial incentives to encourage early market 
uptakes. Early market creation strategy focused on pilot city subsidy program which then 
expanded to private vehicles and public city buses. In these first stages, public procurement 
played a significant role in increasing the visibility of electric vehicles in the public space and 
fostered the scale-up of vehicle production and building of charging infrastructures. 

                                                           
59 Deployment of Electric Road mass transportation in South Asia, December 2017 
60 ZeEUS eBus Report 
61 New energy vehicles (NEVs) include battery electric vehicles (BEVs), plug-in hybrid electric vehicles (PHEVs), 
extended-range vehicles, and fuel cell vehicles (FCVs). 
62 The Impact of Government Policy on Promoting New Energy Vehicles (NEVs) – The Evidence in APEC 
Economies 
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Fundamental to the next stage of strategy to speed up the uptake is the uses of financial 
measures and incentives. At one point, the central government paid as much as 50,000 yuan 
to any consumers who purchase plug-in hybrid vehicles and 60,000 yuan for battery electric 
vehicles. By the end of 2015, the national government had spent 33.4 billion yuan (4.84 
billion dollars) on NEV subsidies63. On top of this, many local governments had also provided 
additional subsidies and added financial bonuses. 

As a result of the strong stimulus, China’s NEV sales skyrocketed from annual production of 
a couple thousand in 2009 to approximately 0.33 million in 201564. Current cars and light 
commercial vehicles stock reached 1.2 million in 201765. The rapid deployment of EVs in 
China, particularly for electric motorcycles, highlighted the practicality of government 
subsidies onto the demand side.  

Of particular interest is how the NEV mandate was adjusted over time. For example, since 
2013, subsidy supports have been shifted from plug-in hybrid to battery electric vehicles 
while payouts became based on the continuous driving mileage standard66. The latest 
update67 valid from 2017 to 2020 also details subsidies for manufacturers rather than end-
users and features the phase down of a national subsidy. As a result, the per-vehicle subsidy 
from 2017 to 2020 will be decreased by 20 percent every 2 years from the 2016 policy level. 

Flexible subsidy design and periodic adjustments can play a vital role in setting the direction 
of the industry’s research and development efforts. It helps manufacturers to gain profits 
during the initial state of flux, yet slowly foster competitiveness and build comparative 
advantages by tightening subsidy qualification requirements and improved incentive design. 
To qualify for the future subsidy, vehicles must meet minimum technical requirements in a 
tier-based system – the payout magnitudes of which are indexed by a variety of utility and 
performance parameters known as scaling parameters. Such an approach allows incentives 
to be focused on truly advanced technologies and improved performance. 

New scaling parameters such as battery charging speed for BEV bus application is the newly 
added adjustment which signals the elevation of qualification thresholds for the subsidies 
and improved policy design as the level of subsidy correlates more closely with utilities of 
consumer concern.  Over the past decade, a series of policies have regulated NEV subsidies. 
The latest 2017-2020 additions include a robust anti-fraud and enforcement measures 
introduced to ensure an effective and robust subsidy program; and a cap for local subsidy 
levels that limits sub-national governments’ subsidies cannot exceed 50 percent of the level 
offered by the national government. 

Among the major producers such as BYD, Beijing Electric Vehicle Corp, ZhiDou, Shanghai 
Auto and Zotye, these best-sellers in China have gained nice margins, thanks to China’s 
generous subsidies at the national and local level. But as incentives begin to fade out, 
automakers are starting to feel some pain. Without the continuing incentives, the low-end 
market would most certainly be dominated by Chinese firms, whereas for the premium end, 
a significant market share would be split between global automakers and Chinese EV start-

                                                           
63 Adjustment to subsidies for new energy vehicles in China, ICCT 2017. 
64 http://www.caam.org.cn/xiehuidongtai/20160112/1705183569.html  
65 Global EV Outlook 2018, IEA. 
66 Notice on the continuous development of the promotion of application of the new energy vehicles (2013). 
67 Released on January 1, 2017 

http://www.caam.org.cn/xiehuidongtai/20160112/1705183569.html


DRAFT 

30 
 

ups since large margins and large market volume would most likely encourage fierce 
competition. 

 

 

 

Source: ICCT, Policy Update May 2017 
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5.2 India 

India has developed a detailed National Electric Mobility Mission Plan 2010. It includes 
detail of plan, potential energy and emission savings as well as comparison with EV plan of 
some countries68.  

Part of the forces driving these changes is central Government subsidies. In India, for 
example, in 2015 the central Government launched the Faster Adoption and Manufacturing 
of Hybrid and Electric Vehicles in India (FAME) scheme, under which incentives are offered 
for purchases of electric and hybrid vehicles. The Government is also offering a 4% tax 
exemption on each vehicle to reduce air pollution. Under FAME, 10 Indian cities Mumbai, 
Bangalore, Hyderabad, Ahmedabad, Jaipur, Kolkata, Lucknow, Indore, Guwahati and Jammu 
have started acquiring electric buses. The size of fleet ranges from 15 (Guwahati and 
Jammu) to 150 (Bangalore). 

A study in India points out that planning and implementation of charging infrastructure is 
essential and adoption of EV in public transport would be viable only with 40% to 50% 
subsides to the Transport Authority and suggest that FAME should encourage authorities to 
purchase electric bus service rather than electric bus so as the technology risk stays with the 
manufacture and operator.69  
 

5.3 Policies in other countries 

Some of the popular policies and incentives considered by countries to increase share of 
electric mobility are: 

• Waiver on regulations that limit the availability of license plates for ICE 
vehicles 
• Access to restricted areas or city centers for low-polluting vehicles 
• Road toll exemption or discounts 
• Dedicated parking and access to publicly available charging infrastructure. 

Table 2 list selected policies, objectives and targets of EV policies and plan in selected Asian 
countries. 

Table 2: EV policies, objectives and targets in selected Asian countries 

Country EV policies, objectives  and 2020-30 targets Source 

China • 5 million EVs by 2020, including 4.6 million 
PLDVs, 
200,000 buses and 200,000 trucks. 
• New energy vehicle (NEV)2 mandate: 12% NEV 
credit 
sales of passenger cars by 2020.3 
• NEV sales share: 7-10% by 2020, 15-20% by 
2025 and 
40-50% by 2030. 

State Council 
(2012), EVI 
(2016b) 
MIIT (2017) 
Marklines 
(2017b) 

India • National Electric Mobility Mission Plan 2020, 
initiated in 2012 

Government of 
India (2018c) 

                                                           
68 National Electric Mobility Mission Plan 2020, India 
69 Sravan Patel and Shalini Sinha, EV adoption in India: Challenges and Potential, CEPT University, 2018 
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• 30% electric car sales by 2030. 
• 100% BEV sales for urban buses by 2030. 
 

SIAM (2017) 

Japan • 20-30% electric car sales by 2030. 
Tax rebate, R&D support, 
5000 quick charge by 2020 
Okinawa – Jan 2017 10 electric shuttle bus from 
airport 

METI (2014) 

Republic of Korea • 200 000 EVs and 14,000 charging stations by 
2020. 
 

MOTIE (2015) 

Singapore Oct. 2017, LTA awarded contract to Volvo to 
supply 50 diesel-hybrid bus 
Launch of EV test bed 
Plan to develop 2000 charging stations for EV car 
sharing 
BlueuSG electric car sharing 

 

Thailand March 2017 BOI approved incentives for electric 
bus manufactures,  
35 electric bus by 2018 

 

Malaysia Electric bus in Putrajaya, 23 km Putrajaya to 
Cyberjaya 8 bus, grow to 13 by 2018, 150 by 2025 

 

Sri Lanka 10 electric bus in Galle increase to 90  

Philippines  Early stage of electrification  
Starr 8 Electric Jeepneys  in Tacloban, Green Frog 
Hybrid bus in Makati city 

 

Bhutan Started in 2013-14, has about 90 electric cars, no 
electric buses 

 

Pakistan  Sind, 3000 electric bus plan  

Viet Nam  Electric mobility carts in Hanoi and Ho Chi Minh 
city  

 

Nepal Reduce fossil fuel dependency by 50% by 2050 
Increase the import share of electric vehicles to 
50 per cent in 5 years (by 2023) 

 

   
Source: IEA, 2018, APEC Study, 2017, various sources 

SAARC countries INDC plan to cut GHG emissions from BAU scenarios: Afghanistan 13.6%, 
Bangladesh 5-15%, Maldives 10-24%, Pakistan 20%, Sri Lanka 7-23%, India 3-35% by 2030. 
Nepal plan to reduce fossil fuel dependency by 50% by 2050. Bhutan is already carbon 
neutral country. India and Sri Lanka have made some efforts to initiate electric mass 
transportation. Sri Lanka planned to run electric bus in Galle stated by 10 and increase to 
90.70 

 
 

                                                           
70 Deployment of Electric Mass Transit Bus in South Asia, Dec 2017  
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6. Policy Recommendations 

Only a handful of Asia-Pacific countries have established pioneering policies to help spur 
widespread EV uptake and accelerate the transition to clean and sustainable mobility. A 
general strategy adopted by leading countries is a combination of “technology push” actions 
and “market pull” policies71. The technology-push actions focus on improving EV 
technologies and promote charging infrastructures deployment, whereas, the market-pull 
policies encourage EV sales over conventional vehicles through a mixture of financial and 
non-financial consumer incentives. Of these actions, financial incentives and the availability 
of charging infrastructure emerged as factors that were positively correlated with the 
growth of electric vehicle market shares. 

The technology-push/market-pull strategy is highly practical for the major auto-industry 
powerhouses in Asia-Pacific – China, India, Republic of Korea and Japan – because the 
strategy has direct impacts upon their economic performance; spurring job creations while 
boosting domestic and export-led economy. With opportunities to make profits, all 
aforementioned countries have set up national incentive program which provide subsidies 
and tax discounts for the purchase of alternative fuel vehicles. Moreover, various states and 
local governments in these countries also provide their own subsidies, launching supportive 
infrastructure projects, and forging strategic alliances between the industry, academia, and 
government. 

Encouraging EV market in Asia-Pacific developing countries is another story entirely. 
Without an automotive industry of their own, developing countries are unlikely to 
encourage EV deployment because there are no clear and direct benefits that will have 
immediate impacts. For EV market to thrive, a large amount of capital investments is 
needed – investments which do not guaranteed a profitable outcome. Long-term benefit, 
such as reduced energy consumption and emission, is marginally realized as local 
governments tend to favor projects that serve short-term impacts that can be showcased to 
the public within their election term. Moreover, developing countries are faced with data 
deficits, lack of technical expertise, and limited capital investments. 

Electric vehicles, as discussed earlier, have great potentials to decouple fossil fuel and 
reduce energy consumption in transport sector – one of the options for long-term effort 
toward sustainability. As such, a regional body is needed to provide guideline and supports 
to enable EV market uptake – applying cooperation and regional conformity to ensure the 
inclusive vision of the SDGs. 

Regional framework needs to consider differences between Asian countries when it comes 
to the actual adoption of transport policies. Policy makers should be allowed with a degree 
of freedom to select options that match the unique specifications and requirements of their 
respective region. 

The path toward sustainable transportation among Asia-Pacific developing members cannot 
follow the like of China, India, Republic of Korea, and Japan. Limited capital investment 
dictates for cost-effective actions and constant monitoring for a balance between 
infrastructure readiness and EV uptake. The first and foremost action is to establish a 
national master plan. It is imperative that the plan is conceived for long-term objectives, 

                                                           
71 Global EV outlook 2016: Beyond one million electric cars, OECD/IEA 
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considering the availability of energy, and is in line with international goals such as the 
Sustainable Development Goals, Conference of the Parties 21, and Sendai Framework for 
Disaster Risk Reduction. 

National master plan should indicate objectives and goals leading the countries to what they 
are trying to achieve. It should also reflect the government’s commitment to take actions 
that will ultimately attract investors to drive sustainable transformation. There are a wide 
range of policy options currently being implemented to support EV adoption. Policy makers 
in Asia-Pacific developing countries may choose to prioritize some of these options based on 
their national master plan and is in check with their infrastructure readiness. 

 

 

 

 

 

 

 

                   

  

 

 

 

 

Figure 17: EV Deployment Flow Chart 

IEA report on EV deployment among its member countries, features different policy support 
mechanisms and detailed evaluation of each mechanism, as well as discussing: 
electrification of other modes beside light-duty vehicles, deployment of electric vehicle 
supply equipment (EVSE) – targets, financing mechanisms, and grid implications (IEA, 2016). 
German National Platform for Electric Mobility has also outlined recommended action for 
EV uptake in their guide to electric mobility72. 

APEC study also lists the Government support for R&D, government’s roles to influence 
demands, financial subsidies to both private and public purchases of EVs, and development 
of extensive charging network to overcome public perception of “range anxiety”.  However, 
long term government economic and financial support is not sustainable in long, thus 
market mechanism should be encouraged for wider promotion of EVs. 

                                                           
72 Guide to Electric Mobility, German National Platform for Electric Mobility, 2016 
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The following policy options and initiatives are suggested that would be useful for Asian 
countries towards improving electric mobility and contributing to emissions reduction and 
energy security. These contain various policy options that policy makers can choose from, 
while some policy options are stand-alone, whereas, some will be dependent on other 
factors.  

6.1. Prioritize EV Infrastructure  

• Formulate corroborations between transport, energy, and ICT sector to accelerate 
EVs deployment. 

• Mobilize technical support and funding for grid upgrading, identification of key 
renewable energy projects, and bottlenecks in transmission systems. 

• Establish renewables distributed generation feed-in tariff scheme.  

• Provide subsidies for local renewable projects. 

• Investigate the potential of vehicle-to-grid (V2G) technologies and policy supports 

• Establish viable business models and financial incentives for public charging stations 
deployment. 

• Develop universal standards for charging connectors, charging technology and 
power level. Investigate the potential of battery swapping scheme 

• Establish viable business models and financial incentives for end-use battery waste 
management and recycling. 

6.2 Vehicle Technology 

• Develop new vehicles standards and regulations. 

• Initiate new industry manufacturing standards and reduction or exemption of 
materials import tariff. 

• Secure R&D grants for key technologies.  

• Formulate corroborations between academia and private and public sector. 

• Create a better quantification of the rate of battery cost reduction for periodic policy 
adjustments. 

6.3 Enhance Energy and Emissions Data 

• Establish a real-time energy consumption and pollution monitoring and transport 
demand management system 

• Create localized mobile-applications which mapped charging stations network and 
disseminate data associate with costs, pollutions, promotions, regulations and other 
incentive programs. Introduce universal platform so an app can be used in multiple 
countries to enhance cross-border activities. 

• Seek technical support and funds for local authorities to implement pilot projects. 

6.4 Public Vehicles Procurement 

• Establish electric fleet procurement plan to incentivize greater R&D efforts and 
investments from the private sector. 

• Establish vehicles deployment datasheet that suggest operators of all available 
vehicle models with detailed benefits, costs, specifications and contact information. 
Include algorithm to suggest choices of vehicle models based on specific 
requirements and user needs. 
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• Provision of technical support and funds for required infrastructures or pilot 
projects. 

• Dissemination of best practices in public transport management: operations, and 
maintenance.  

• New standards and regulations for privately-operated fleet (such as taxis and 3-
wheelers). 

• Phasing out existing vehicles via technology swap-out program 
 

6.5 Private Vehicles Market Intervention 

• Introduce financial and non-financial incentives 

• Introduce carbon pricing and fuel taxation. 

• Eliminate fuel subsidies. 

• Imposed vehicle restrictions or exemptions. 

• Encourage PPPs between car manufacturers and local authorities/governments. 

• Organize demonstrations of new technologies. 

• Encourage new businesses for EV aftermarket, maintenance, and accessories. 
 

7 Conclusions 

The paper examined the emerging technology and innovations, various barriers as well as 
national transport policies and incentives being taken by Asian countries towards the 
adoption and use of hybrid and electric vehicles. While the growth of electric vehicles is 
seen in selected Asian countries led by China, it seems that more policies and incentive as 
well as development of charging infrastructure are required to make meaningful 
contribution to emission reduction of transport sector as well as using green and clean 
energy. Therefore, Asia-Pacific countries need to make substantial investments to develop 
charging infrastructure and increase their accessibility and secure more renewable energy 
and upgrade the ageing transmission grid.  
 
Some policies initiates are also observed to make mass public transport electric, again led by 
Shenzhen city in China, where all public buses are electric. It seems policy support and 
financial incentives are critical to move towards electric mass transportation system. 
Vehicular technology is already advanced, matured and commercially available; but there 
are rooms for improvement especially concerning range, price, and charging time. More 
research and development effort across all spectrums of technologies, development of 
infrastructure, improving synergy between stakeholders, knowledge dissemination, capacity 
building and training of related key stakeholders is essential. Even when it comes to electric 
mobility, we view that more policy focus on electric mass transportation systems is required 
not just push on shifting fossil fuel personal vehicles to electric. Above all the benefit of 
electric mobility depends on source of energy, seeing as global sources of renewable73 just 
above 10%; more efforts are required to produce energy from renewable sources.  
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