The history of the 20th century was written in oil. Since the second
decade of the 20th century, oil facilitated large scale maobility and
fuelled the engine of capitalist growth. Like the cil giants, the world's top five
automobile giants—Volkswagen Group, Toyota, General Motors, Ford, and
Daimler Benz—are among the top fifty multinational corporations. Their
annual sales range between $100 billion and $200 billion. Growth and
mobilty are important for social progress, equity, and civilisational
dynamism. However, oil-based mobility has contributed significantly to the
threat of climate change. Transportation accounts for about 23%-26% of
global emissions, out of which personal transport or cars account for 10% of
all CO, emissions. So a transition to cleaner and green transport is
imperative, not just because oil production is peaking and decline is
ingvitable, but alsa because of the need and urgencyto address the climate
problem.

It is now time for a transition to alternative transportation options. The good
news is that the global automobile industry is experiencing a sense of
breakthrough and thistransition will scon begin. The emphasis inthis essay
would be on personal mobility—that too through the hybrid and electric
route. The other akternatives are hydrogen, air motion, or biofuels. Biofuels
can never replace oil because of the huge requirement of land which has
competing use for food production. So a biofuel-based transport future is a
mirage. Hydrogen-based technologies are far from commercialisation. Air
motion is yet to be commercially demonstrated. Hence the emphasis on
electric mobility.

Electric mobilityis nothing new. Eveninthe 19th century, efforts were made
to move from horse or other animal-driven carriages and steam-driven
carriages to electric mobility. During the mid tolate 1830s, Scottish inventor
Reobert Anderson built a ‘crude’ electric carriage. It did not get far, mainly
because the battery was not good enough. Rechargeable batteries were
available by the middle of the 18th century, and then electric vehicles got a
boost. This means that befare Henry Ford's internal combustion (IC) engine
based Model T rolled cut on 27 September 19808 from the production line at
Ford's factory in Detroit, USA, the world had electric car technology. The
surging oil-age relegated the electric car to history's backburner. The
resurgence of electric mobility then happened in the second half of the
1990s, mainly due to requlations imposed by the Government of California.
However, after massive lobbying and pressure from the automaobile
industry, California’'s government began soft-pedaling its environmental
legislation. Once again, the electric car was consigned to the dumping yard
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of history. Again, new legislation started emerging; but the scales were now
tited in favour of gasoline-electric hybrids. This way, the interests of
mainstream oil industry and car manufacturers would not be drastically
affected. The emerging technologies for alternative mobility seem to be
focusing onthree areas as of now: Hybrid Electric Vehicles (HEVs ), Plug-in
Hybrid Electric Vehicles (PHEVs), and Full Battery Electric Viehicles (BEVs
orEvs).

HYBRID ELECTRIC VEHICLE (HEV)

Hybrids, as the name suggests, are vehicles with a gasacline-powered
internal combustion engine mated to an electric motor, a smaller battery
bank, and regenerative braking. The battery bank assists the engine,
providing boosts of power and extending the range the vehicle can go.
There is no plug-in facility. Instead, the gascline engine and regenerative
braking are used to recharge the battery. In a hybrid, the internal
combustion engine shuts down while idling and restarts by simply stepping
anthe accelerator. This quality helps to save energy and reduce emissions.

There are three basic types of HEV's: series hybrids, parallel hybrids, and
combination series-parallel hybrids.
Fig 1: Series Hybrid
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A series hybrid is the hybrid configuration closer to a pure electric vehicle.
This is so because it uses only the electric motor to facilitate the wheel's
motion using power either from the batteries or from the generator. The
internal combustion engine is connected to a generator and runs the
generator, as well as recharges the batteries. The IC engine is decoupled
from the transmission and is operated as an auxiliary power unit to extend
the driving range of a pure electric vehicle, Inthis configuration, the engine
output is first converted into electricity through a generator that besides
charging the battery, is also capable of bypassing the battery to propel the
wheels through the electric motar. This type also has the regenerative
braking system. Since the IC engine is mechanically disengaged, the
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Fig 2: Parallel Hybrid
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transmission does not require a clutch. Variations of this series hybrid
design could also see the use of individual electric motars for each wheel.
Howewer, the disadvantage of this configuration is that three propulsion
devices are required viz. the [C engine, the generatar, and the electric motor,

The parallel hybrid (Fig 2) facilitates mobility simultaneously using both the
IC engine and the electric motor. One could say that they are basically [C
engine-based vehicles with an additional electric propulsion system. Here,
only two propulsion devices are required and there is no generator. The IC
engine and electric motor can propel the vehicle individually or together.
Both the engine and the electric motor can be sized for half of the maximum
power, allowing for downsizing of the engine, thereby further reducing fuel
consumption. They are very efficient in highway driving. The battery is
recharged during braking using the regenerative braking system i.e. the
electric motor doubling up as a generator during deceleration and braking.
Prime examples of a parallel hybrid are Honda's Insight and Civic hybrids.

The third configuration of the HEV is the series-parallel hybrid (Fig 3) also
called asthe power-split hybrid. Basically, this combines the features of both
the series and parallel hybrids. Here, two electric motorswork in conjunction
with ane internal combustion engine. The firstelectric motor acts purely asa
generator, the second one provides power to the engine in "assist' mode,
while also charging the batteryin regenerative’ mode. Onthe openroad, the

Fig 3: Series-Parallel Hybrid
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primary power source isthe [C engine, but when mare power is required, for
example, while overtaking, the electric drive motor also kicks in to maximise
available power.

THEPLUG-INHEV (PHEV)

The plug-in HEV is a hybrid which has been improved with the addition of
more batteries, a charger, and an electric plug. The charger and plug-in
facility allow recharging of the batteries from the electricity grid, thus
providing longer driving time in electric mode, using less gasoline, and
producing feweremissions. The plug-in hybrid can be charged overnight by
plugging into a regular electric wall socket. The PHEV can run only on
electricity with a higher All Electric Range (AER). The AER is defined as the
distancetravelled in electric mode, with the IC engine switched offon standard
driving cycles. Inthe plug-in mode, Toyota's plug-in Prius model can give upto
32 km per litre of gasaline. Ifthere is no recharging by plug-in, the Prius will
operate like a normal hybrid giving upto 16 km per litre of petrol.

Fig 4: PHEV Schematics
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Anormal hybrid typically has an all-electricrange ofabout 3 km—8 km, while
a PHEY can provide upto 16 km-64 km of AER. Whereas a typical hybrid
needs a small battery pack of 1 kWh-23 k'Wh, a PHEV with a 30 km range
would require a6 KWh battery. The PHEY can also be designedin the three
different configurations of series hybrid, parallel hybrid, or series-parallel
hybrid. Hybrid car technology can be considered as a bridging technology
towards full electric mobility.

BATTERY ELECTRIC VEHICLE (BEV) OR ALL ELECTRIC
VEHICLE(EV)

These are vehicles—cars, trucks or sports utility vehicles—powered by an
electric motor, one or more controllers, a large bank of batteries, and
regenerative braking system. The battery bank has ta be large enocugh to

Wol.7, Nos. 5-8, Sep-Oct & Now-Dec 2011



Housohold charger plug Inweiter Gn-board

charger

Guick chargar
Plag

Lithium-ion batlery
system

allow storage to facilitate longer range of running on a single charge. There
is no gasaline engine. When the vehicle is started, and is on the move, the
controller determines the amount of electricity that flows from the batteries
ta the motor, Then the maotor converts the electrical energy to mechanical
energy to propel the vehicle forward. The regenerative braking systems help
the electric motorto capture and convertthe car's kinetic energy (the energy
of a carin motion while slowing down or braking) into electrical energy that
gets stored in the batteries. In a conventional car, this kinetic energy is
wasted as heat on the mechanical brakes, Commercial electrical vehicles
need to be plugged into an electric socket and generally come with special
chargers for plugging into a 220-Volt socket to enable faster charging, The
all-electric vehicles require more batteries, and a larger electric motor. An
internal combustion engine is not required, Comparative schematics of
HEV, PHEV, and BEVisgiveninFig 6.

ELECTRICITY FORPHEVsANDEVs

affordable. However, while hybrid technology can be a bridging technalogy,
the ideal future is one where all vehicles are BEVs and are recharged from
non-fossilfuel or renewable electricity generation.

THE CHARGING INFRASTRUCTURE

Israel was the first country to sign up for a large-scale charging
infrastructure with a camp called "Better Place', an electric infrastructure
start-up floated by an lsraeli entrepreneur ShaiAgassi, in collaboration with
car maker Nissan. It is proposed to have 500,000 recharging paints and
100 battery swapping stations in lsrael. Nissan will soan bring out their all-
electric 'Leaf cars, Other local and national governments that have
subsequently signed deals with ‘Better Place’ include Denmark, Canada,
Australia, Hawaii, and California. After |srael, Denmark would be the
country where mostof the action willtake place.

Many countries have begun plansto have charging infrastructure for plig-in
vehicles. The US has earmarked $400 million in the stimulus plan to build
such infrastructure. In the UK, the Energy Technologies Institute in
September 2009 launched the 'Joined-Cities Plan' aimed at building a
national netwark of charging points across the UK. Nine cities including
London have joined this €11 million project. The French government has
unveiled plans to invest €1.5 billion on infrastructure measures to aim for 2
million electric cars an the road in France by 2020. China has big plans for
improving the charging infrastructure. The October 2011 new pilot intiative
announced for 25 cities in China requires the cities to build up sufficient
electric charging posts at parking lots forgreen cars, Bytheend of 2011, the
state grid will build up to 75 charging stations as well as over 6,000 charging
posts. The number of charging stations is projected to surge to 400 by 2016
and 10,000 by 2020. The 25 cities have also been asked to work outa quota

Fig 6: Comparative Schematics of HEV, PHEV, and BEV

Both plug-in hybrid electric vehicles and battery
electricvehicles require electricity from the grid. In
a grid where majority of electricity comes from
polluting fossil-fuel-based generation, many see
this as envircnmentally futile.

However, plug-in hybrid enthusiasts see themas
excellent transitional vehicles. They also paint out
that it wil take many years for millions of such
vehicles to hit the roads, and by that time the grid
will also be increasingly supplied by green power,
In fact, they argue that plug-in hybrids wil make
renewable power more prevalent and more
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for the introduction of green cars. The Dutch plan to have an all-electric
transport system in Amsterdam by 2040, which is envisaged to be
implemented in four phases. Thefirst phase is

cnlyif they are charged purely from renewable sources of energy. Charging
from stand-alone solar power requires large PV panel area to be installed
on rooftops or in the garden; this is possible

to have 200 charging stations by 2012,
progressively increasing in number to cover 2
lakh green vehicles by 2040.

=+
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VEHICLE-TO-GRID OR V2G

Besides drawing powerfromthe grid, the plug- |
in vehicles can also work as a source of
storage of electricity or back-up power to
supply the grid. It is called Vehicle-to-Grid or
V2G. Itis a concept wherein different types of
electricvehiclesviz. battery EV's, fuel cell cars,
ar plug-in hybrid cars supply power to the grid
while the vehicles are parked. Considering the fact that cars idle for more
than 22 hours every day, V2G vehicles can become a great source of power
generation. In a smart grid configuration, the V2Gs can help to stabilise the
grid and even significantly complement orenhance the capabilities of power
generation from renewable sources. In otherwords, V2Gs become a source
of distributed generation for localised storage and use. When the grid fails,
the cars can effectively become a source of back-up power supply. This way,
the V2G becomes a revenue-generating asset for the owner as opposed o
the conventional car that anly depreciates year after year.

As of now, the V2G concept remains doubtful as it is still in its infancy. The
following reasons put forth in a recent Worldwide Fund for Nature (\WWF)
report reinforce these doubts: the storage potential of EV batteries may be
miniscule in comparison to peak load demands; if V2G is to be a reality,
faster battery charging will be needed for which technologies are not yet
visible; smart grids will have to become the norm everywhere in a V2G
scenario to facilitate shifting of demand when EVs are better able to help
balance the grid; faster recharging and feeding power back to the grid
reduces battery |ffe and hence battery replacementin shorter periods would
be necessary; and the income earned from selling powerto the grid will have
to be much in excess of battery replacement costs ff car owners are to be
attracted to sellpower to the grid.

LINKING MOBILITY TO GREEN POWER GROWTH

Few countries are evolving innovative mechanisms to link green mability
directly to green power growth. For example, the purchase rebates in
Luxembourg would be available only if the car buyer has concluded an
agreement to buy electricity produced from renewable sources. As
discussed earlier, electric vehicles can be considered undisputably ‘green’
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only in the case of owners of independent
houses or bungalows. For people living in flats
in multi-storeyed buildings, this is not
practical, Even if they have ground level
independent garages outside the basement
and in the open sun, the roof area of the
' garage of one car will not be sufficientto hold
enough PV panels capable of producing
sufficient electricity to charge the car,
especiallyifitisan all-electric vehicle.

Hence for the majority of urban dwellers,
drawing powerfrom the grid would be the only
option. So the addition of green power info the grid should be stepped up
significantly. Some countries like Spain are trying to use electro-mobility ta
accelerate their RE sectorand industry in general. Efforts are onin Spainto
study as to how increased electro-mobility can be directly linked to
accelerated wind power development. The logic is that a Spanish electric
vehicle fleet could boost the demand curve during late-night hours when
maximum wind power is produced. [t is felt that such a strategy could
prevent waste of clean power produced during off-peak hours, Sceptics,
however, feel that since wind power productionis highly variable during the
day and through seasons, such a strategy would only spur the market for
nuclear and fossil fuel power, which will be needed tofeed the grid at times
oflow-wind production.

BATTERIES AND CAPACITORS

Conventional car batteries are lead-acid batteries which have been usedto
convert gasoline cars toelectric ones. These batteries if usedto runthe car
can give a range of upto 32 km-86 km on single charge. Nickel-cadmium
batteries which give comparatively better range were also used.

At present, the most important battery technologies are:  Li-ion (Lithium-
ion), NiMH (Nickel-Metal-Hydride), Zebra NaNiCl{ Sodium Nickel Chloride),
Zn Air{Zinc-Air or Fuel Cell) and NaFeCl (Sedium Ferrous Chloride}.

During the late 1990s, nickelmetal-hydride (NiMH) batteries came into the
market and these could give upto 128 km-224 km range on single charge,
depending on the model of the vehicle. Many second generation electric
vehicleslike General Moters EV1, Toyota RAV4-EY, the Honda EV Plus, the
electric Ford Ranger truck, etc., usedthese batteries. Lithium-ion batteries
are overtaking, replacing, or being used alongside NiMH batteries. Li-ion
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batteries provide 25%~30% more power and energy storage than NilH and
are smaller and lighter. However, some critics say that lithium-ion
technology suffers from safety problems. There have been many instances
of battery melting as lithium is not very stable. Also, ifthe car meets with an
accident and the battery is pierced, lithium could get exposed to air with
dangerous consequences. It is also too expensive and according to some
experts, the availabilty in the long-term is suspect. There is a raging
controversy over this subject. Besides, the deposits are geographically
limited to a few countries.

Zebra batteries or sodium-nickelchloride (NaNiCl) batteries made by the
Swiss firm MES-DEAare also popular. They fall in between NiMH and Li-ion
in power and energy characteristics. These batteries could get a range of
upto 288 kmon a single charge. For full EV's with larger battery packs, these
batteriesare supposedtobeideal.

Ultracapacitors are the other challengers fast emerging in the sectar.
EEStor of Texas, USA, is developing ultracapacitors which can be charged
from a standard electrical outlet. The ultracapacitor can then transfer the
stored electricity to a car in minutes. The added advantage is that the ultra
capacitors use a raw material called barite, which is abundant and is
available worldwide. So, when fully developed, ultracapacitors will score
over lithium-ion batteries. EEStor believes that BEVs using their ultra
capacitors can have 320 km-G640 km range on a single charge. The
company claims that this can help to quickly develop the infrastructure
during oilHo-electric transition. Gascline stations can also have these
ultracapacitor-powered rapid charging units at their facilities until the
transition from gasoline to electricis complete.

EFFICIENCY ANDECONOMY

By itself, an electric vehicle is four times maore efficient than a similar
gasdine vehicle. Even after factaring in the energy used at the electrical
power plant, electric vehicles remain twice as efficient as gasoline vehicles.
Adding transmission losses, etc., electric vehicles remain more efficient
than the gascline car. This is so because only 30% of the energy in liquid
fuels is used to propel the car; the rest is dissipated as heat or emissions.
Well-to-wheel comparisons done by some researchers show that an electric
car requires only 14%—46% of the energy required by a car with an internal
combustion engine, depending on the source of electricity. The efficiency of
plug-in hybrids are somewhere between gascling cars and al-electric
vehicles. An estimate by the US Department of Energy says that plug-in
vehicles reduce fuel use by 50% compared with gasoline cars.

The cost and efficiency of plug-in hybrids will be lower than all-electric cars
and higher than hybrids. Electricityis a much cheaperfuel than gasoline and
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driving on electricity is more efficient. Generally speaking. cost of driving on
electricity comes to around 20%-50% of the cost of using a gascline car or
hybrid. If the electric car owner uses off-peak hours (night} to recharge car
batteries and avail time-of-use metering charge facility, it will result in
reducing costs—to the extent of 50%—depending on the type of vehicle, its
size, andtime ofrecharging.

EMISSIONS REDUCTION

Ower the last few years, auto manufacturers have been trying to increase
the fuel economy of conventional cars and bring down emissions. Still, on
an average, it can be said that a medium-sized family car with a
conventional gascline engine emits around 16 kg of carbon dioxide for
every 100 kmdriven. Electric cars have to neutralise these emissions fthey
havetobe fuly ‘green’.

The electricity needed to propel an electric car of similar size for 100 km is
about 20 kWh. The conversionlossesin a battery pack of an electric car are
at two points: while charging the battery from the grid, and while drawing
eneargy from the battery via the electric mator to the wheels, to propel the
car, The overall efficiency of this process is about 80%. So when 20 KWhis
needed to propel 100 km, the actual electricity consumed is around 25 KWh.
Ifthe transmission and distribution losses inthe grid are also accounted for,
this can go upto 28 kKWh. So this 28 kWh electricity should be praduced by
emitting less than 16 kg of carbon diaxide if the electric cars can claim that
they reduce emissions. In other words, the overall emissions per unit of
electricity must be less than about 570 grams per kWh. Even with a
conventional power grid, thisis achievable if the grid has a majority of hydro
power (as in Canada and California), nuclear power (as in France) or
renewable power (as in Denmark). So the 'greenness’ of a plug-in car
dependsonthe type of power supplied to the grid.

Most environmentalists believe that electric cars which are plugged into
electric sockets delivering electricity produced by conventional power
plants only shiftemissions from the tail pipe of the carto the smoke stacks of
the polluting power plants of the electric utility. This is only partially true, A
1894 study by the Union of Concerned Scientists, a non-profit science
advocacy group in the US found that electric vehicles could cut emissions
by 70% compared with a low-emission gascline vehicle, even after
accounting for power plant emissions createdin making the electricity. This
was typical of California where there was substantial hydro power, If the
power mix changes infavourof larger percentage of coal-based plants, this
figure would change. However, many other studies point to the fact that
emissions could be reduced by 50%, irrespective of the power mix of the
grid. Thisis because of the higher conversion efficiency in an electriccar or
aplug-in hybrid as already explained.
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However, the ideal and most desirable situation for reducing emissions is
when the electricity for such cars is necessarily produced from non-palluting
sourceslike wind, solar, etc.

WHATDOTHEY COST?

Any new technology is expensive when it is
introduced in the market for the first time. As
the market expands and voumes grow,
prices drop, Right now hybrids and electric
cars are very expensive. As examples, the
price of some of the production-ready or
mass produced cars could be examined. The
Chevrolet Volt costs US $44,085 which is at
least 80% more than a gasoline car of
equivalent size and capacity. The market |
price of Toyota's Prius hybrid in India is
around T30 lakhs or more—again more than
double the price of a conventional car of its size. However, this is because it
is imported from Japan. If it is made in India, it can be sold at competitive
prices. In the US, the Toyota Prius sells for around $28,000 only. The only
good example of a mass produced electriccaris the Nissan Leaf. In the US,
the Leaf sells for $33,000. Considering the lower operating costs, such
prices could be justified. However, buyers are deterred by high upfront
costs. That is why most countries are offering purchase rebates and tax
incentives to make these vehicles attractive to buyers and help them reach
decentvolumes atwhich prices will begintofall,

GLOBAL POLICY EXPERIENCE

Governments across the world have begun to put in place pelicies to
faciltate a transition to electro-mobility. Some have declared upfront
purchase subsidies o rebates, whereas others have various kinds of tax
incentives. There are many governments who have a mix of both
instruments. Many countries have also declared ambitious targets for
putting plug-in hybrids and EVs on the roads in large numbers by 2015 and
2020.

Purchase Subsidies or Rebates: Many countries or provinces within
countries, have in the recent past, introduced subsidies or rebates on the
initial purchase price of the all-electric ar plug-in hybrid electric vehicles. The
range of subsidies are very often determined on the basis of the battery size.
In some cases, the subsidies are paid to the customer; whereas in certain
countries like China, the subsidies are disbursed directly to the car
manufacturers, who in turn are expected to pass on the same to the
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customer by reducing the price. In some cases, rebates are also given for
canversion of existing gasoline vehicles to hybridsorEVs.

The State Government of California in the US
was one of the first in the world to introduce
the Clean Vehicle Rebate Project way backin
October 2007, and the project will last upto
2015. Rebates ranging from $5,000 to
520,000 are available. Three provincial
governments in Canada—Ontario, Quebec
and British Columbia—have introduced
purchase rebate schemes. The rebates
range from Canadian $5,000 to $8,500.

Purchase rebates are also available in at
| least seven countries in Europe—UK,
" France, Ireland, Luxembourg, Portugal,
Romania, and Spain. The purchase rebates
are upwards of €3,000, and very often cover 25% of the purchase price. In
many countries, the average rebate is around €5,000. The plug-in cargrant
inthe UK, which began in January 2011, reduces the upfront cost of eligible
cars by providing a 256% grant towards the cost of new plug-in cars capped
at GB £5,000. Mast European countries do not offer upfront rebates, but
offertaxincentives; in some cases it is a combination of both.

Japan has been a pioneer in this field, introducing an electric vehicle
incentive programme way back in 1996 which lasted till 2003. Purchase
subsidy of upto 50% of the incremental costs of a clean energy
vehicle—electric, hybrid electric, natural gas, or methanol powered
vehicles—were available. In May 2009, the Japanese Parliament
intreduced a new scheme—the Green Vehicle Purchasing Promotion
Measure—which was given retraspective effect from April 2009. It provided
amix oftaxincentives and purchase subsidies,

The Chinese government announced a pilot programme in five cities in
June 2010 to provide incentives upto $9,281 for private purchase of new
battery electric vehicles and $7 634 for plug-in hybrids. The subsidies are
directly paid to the auto manufacturers, who inturn are expected to pass on
the benefit to buyers, Once 50,000 units are sold, the amount of subsidy is
proposed to be reduced. Besides, they are also proposing to provide tax
incentivesfrom2012.

Incentives and Disincentives: Many countries also offer tax exemptions.
Some others offer disincentives to petrol or diesel cars. The best example of
such disincentives is in Europe, where 17 countries levy CO, related taxes
an conventional passenger cars as disincentives. The United States federal
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government has since 2008 legally mandated tax exemptions under
different legislation. They have allocated an additional $14.4 billion for the
plug-in programme in the stimulus bill, Tax credits upto $7,500 are allowed
for a persen purchasing a new plug-in vehicle. However, for a particular
manufacturer, the scheme will cease to operate after cumulative sales of
2,00,000 qualifying vehicles. Tax credits to the tune of 10% of the cost of
corverting a vehicle are also available for electric conversion kits. This
conversion benefit is available only upto December 2011, and has a cap of
$4.000. Many states in the US also provide income tax credits; yet others
offer excise and sales tax exemptions also.

Fifteen of the twenty-seven European Union member countries provide
different types of tax incentives to electric and plug-in hybrid vehicles. In
Denmark, new electric vehicles weighing under 2,000 kg are exempted
from registration tax. This is a huge benefit, since registration taxes in
Denmark are as high as 105% to 180% ofthe price of thecar—linkedtothecar
price slabs. EVs also enjoy free parking in downtown Copenhagen. In
Germany and ftaly, electric vehicles and plug-ins are exempted from the
annual circulation tax for a period of five years from the date of their first
registration. In Haly, after the first five years, EVs are entitled to 75%
reduction of the annual tax rate applied to equivalent gasoline-powered
vehicles. Other countries like The Netherlands, Greece, Austria, Belgium,
Morway, Portugal, and Sweden also offer similar tax incentives. Some
countries also offer sales tax benefits.

The Japanese government's schemes allow exemption from registration
charges (known as acquisition tax in Japan) and tonnage tax. As of now,
these benefits expire in March and April 2012 respectively. The Chinese
government is also planning to introduce exemption from annual taxes for
EVs, PHEVs, and fuel cell vehicles from 1 January 2012, However, hybrid
vehicles will be eligible fora 50% reduction only.

Other Benefits: The province of Ontario in Canada plans to introduce
green-coloured licence plates for exclusive use of plug-in hybrids and
battery electric vehicles. The special number plates will allow the owners of
such vehicles to travel in Ontario's car pool lanes until 2015, regardless of
the number of passengers in the vehicle. They are alsc entitled to use
recharging stations at provincially-owned parking lots. Some governments
have decided to ease permit requirements for installing charging
infrastructure, China's new green car policy announced in October 2011
requires the 25 participating cities of the pilot programme to abolish
restrictions such as license plate auctions for green vehicles. Besides
exemption from such regulatory requirements, the Chinese government
provides other benefits such as reduction of parking fee, reduction in
electricity tariffs and toll fees for such new energy cars.

Vol.7, Mos. 5-6, Sep-Oct & Nov-Dec 2011

, [ 154

AMBITIOUS NATIONALTARGETS

The Obama administration announced in 2009 their aim to produce and
operate one million plug-in cars by 2015, The German government has set
atarget of one million hybrid and electric vehicles on their roads by 2020,
Spain wants to better this by planning to have ane million such vehicles on
theirroads by 2014. The Netherlands, a leading renewable power producer,
has extremely ambitious plans for electro-mability. By 2040, they plan to
have all transpart in their capital city, Amsterdam. moving on green
electricity. The power will come from diverse green sources like wind
turbines, solar panels, and biomass plants.

The Chinese government aims to become the world's largest producer of
electric cars by producing 5,00,000 electric vehicles a year. China has
created an alliance of 16 big public sector companies to do research and
development. The Chinese aim to put more than a million electric vehicles
on the road over the next few years. In the near future, such vehicles would
account for 5% of passenger car sales in China. This is a huge number
considering the fact thatin 2011, vehicle sales in the country is expectedto
reach 17 million.

THE MANUFACTURING RESPONSE

For a least more than a decade now, many start-ups, pioneers, and
innovatars have been trying to put forth technologies and concepts aimed at
heralding the electric era. A brief mention of some of the important pioneers
is essential here. Perhaps one of the oldest electric carmanufacturersinthe
world, the Indian Reva Electric Vehicles Private Ltd., was founded in 1994
by Sudarshan Maini as a joint venture with Amerigon Electric Vehicle
Technologies (AEVT Inc) of the USA. In 2001, they launched the Reva
electric car—the world's first mass produced electric car—though
praoduction was in very small numbers. The model was revamped many
times. Cumulative sales of only a few thousand units in India and abroad
have materialised til now. In May 2010, Indian automaobile major Mahindra
and Mahindra acquired a controlling 55.2% stake in Reva. Revawaould now
probably see better daysinterms of new products, upgradation of products,
and better marketing muscle.

Tesla Motorsis a Silicon Valley start-up founded in 2003 by Elon Musk. They
have till now been selling a very expensive al-electric sports car called
Tesla Roadster. Buyers are mostly celebrities from Hollywood and
elsewhere who want to demonstrate their green consciousness. The
Roadster has till June 2011 seld 1,840 units worldwide. Tesla is now
bringing cut another sedan version called Tesla Model 5. Other pioneering
S companies are Phoenix Motars, Fisker Automaotive, and Aptera Motors.
‘Think Global', a Norwegian start-up, was taken over and then sold by Ford

Green Energy |



Motor Company. However, Think' now operates out of Indiana in the US.
The company's all-electric "Think City* has scld 1,045 units worldwide till
March 2011, Other such niche players include Electrovaya of Ontario,
Canada; Rinspeed of Switzerland, and Venturi
Automobiles of Monaco, France. There are
many other such small companies not
menticned here. They are now reaping the
benefits of their tenacity and experience,
because the mainstream auto majors are
seeking them out.

Among the mainstream auto manufacturers,
Toyota is a pioneerinthe field of hybrid vehicles.
In 1997, Toyota brought out a gawky hybrid car
for the Japanese market called the 'Prius”, This
was followed by a slightly upgraded version for the US market in July 2000,
and a much better version in 2004, It was an engineering marvel which
became a huge marketing success and went an towin many awards. By the
first half of 2007, the Prius was the number one selling car in the US, ahead
of many conventional mainstream models. Toyota now sells more than one
millicn hybrid cars oftheir different models and Prius accounts for more than
half of the sales. The worldwide cumulative sales of Prius has crossed 2
million units—however, it is still not a plug-in hybrid. A PHEV version of the
Prius is expected in 2012. Besides Prius, Toyota's luxury brand Lexus also
has few hybrid versions. Inthe 2011 Tokyo Motor Show, Toyota displayed
few other electric car concepts.

Honda is the otherJapanese manufacturer which had embraced the hybrid
technology early. In December 1999, Honda unveiled its super-efficient
$20,000 two-seater ‘Insight hybrid car. [tentered the US market just befare
the Toyota Prius and was soon followed by the Company's 'Civic' and
‘Accord' hybrids. In the 2011 Tokyo Motor Show, Honda also showed the
hybrid version of its "Jazz."['Fit' in some markets). Honda has also recently
developed all-electric and plug-in hybrid concept cars like Honda AC-X, a
plug-in hybrid. Nissan's Carlos Ghosn is a believer in all-electric mobility.
The Renault-Nissan alliance headed by him has made major strides in this
direction. Nissan plans to manufacture 2,00,000 units of the recently
launched Nissan ‘Leaf all-electriccarannually. MNissan has also showcased
a racing version of the Leaf called the Leaf NISMO RC. Many other such
models are underdevelopment, Not to be left behind, Mitsubishi and Suzuki
have also brought cut hybrid and electric versions of their cars. In the 2011
Faris Motor Show and then in Tokyo, Mitsubishi showcased the j-MiEWV
"Mitsubishi Innovative Electric Vehicle'. This is an electric car with a 47 kW
motor and a range of 130 km an single charge. Suzuki recently showcased
its "Swift’ hybrid car.
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Amaong the European car makers, Renault {along with Nissan) is aleaderin
the all-electric space. They have many models like the Frendzy, Renault
Zoe electric, Renault Fluence electric, etc. Volvo Mator Corparation of
Sweden has developed Volvo C30 electric, a
model popular in Sweden, with a range of 150
km on a single charge. Their target for hybrid
cars is to achieve a range of 1000 km using
range extenders. The Volkswagen group,
owner of three major brands—Audi,
Volkswagen and Skoda—is aggressively
pursuing the production of electric cars: the
XL1 model—claimed to be the world's most
fuel efficient hybrid, the electric version of their
smal car Volkswagen Up, the al-electric
Velkswagen concept city car Nils, and the all-
electric version of AudiAZ concept.

The ather two German luxury car makers refuse to be left behind. Daimler
Carporation's Smart division has been producing the all-electric Smart EV
which is a two-seater city car. Daimler also plans to bring out electric
versions of their small Mercedes Benz A and B class cars. Hybrids of the
bigger models are also onthe anvil. Daimlerhas boughta 6% stake in Tesla
and are developing series hybrids. Their range is called Blue Zero. The
Munich-based, number one luxury car maker BMW has showcased two
prominent concept cars—the BMW i8 hybrid and the BMW i3 all-electric city
car. Both these will go for commercial production by 2013. In 2012, they plan
to bring out four hybrid variants of their luxury models 3 and 5-series
sedans. The British veteran Jaguar, now awned bythe Tatas, hasunveiled a
diesel-electric hybrid version of their super car Jaguar C-X75.

The American giant General Motors has brought out the production version
of their gasoline-electric hybrid—the Volt. An all electric version of the small
carBeatwill be available in India alsa from 2012 onwards. Ford isalso in the
pracess of bringing out electric and hybrid versions of some of their models.
The Ford Focus electric is now available in the market. (Descriptions of
some of the prominentmodels are given in the accompanying article).

COMPANY SYNERGIES AND INNOVATIONS

Multi-level company synergies are being explored to herald the next
mobility revolution. Corporate and technological convergence in areas of
power generation, power storage, and electric drive-trains are happening
through alliances of industries hitherto considered separate entities. Car
makers are teaming up with material manufacturers (for lighter materials
like carbon fibre) battery manufacturers, electric motor makers, and even
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electricity utilities. Inthe future, when large number of plug-in vehicles are on
the road, vehicles will be ‘internet-driven' through smart communication
technologies facilitating vehicle-to-vehicle or wvehicle-to-infrastructure
communication. Conventional car companies are preparing to be readywith
mass market products when the market demand picks up for alternative
vehicles, which could be any time soon.

Teslawhichincurred cumulative lossesto the tune of $290 million, accepted
investment from Toyota and Japanese battery maker Panasonic, and now
hopes to enter a wider market with a cheaper electric car in 2012. Through
the tie-up, Toyota also hopes to be ready with a variety of green car options
to service the market when consumers so demand. Toyota also used its
Panasonic subsidiary to take over solar module and energy storage
manufacturer Sanyo. In December 2011, BMWHied up with Toyota to make
greener car batteries for EVs. They will work onimproving lithium-ion battery
technology. Honda, the other Japanese pioneer in hybrid vehicles have
established a joint venture with GS Yuasa. Mitsubishi and PSA Group will
cooperate todevelop new electric motars.

German car manufacturers who have lagged behind in the electric race are
now catching up with new alliances. Daimler, the maker of Mercedes Benz
cars have in 2011, begun negotiations with Bosch—the world's largest
maker of auto parts and electric components—to have a 50:50 joint venture
to “accelerate development advances in electric motors and reduce costs.”
Volkswagen is working with Toshiba to develop batteries and is also
planning a joint venture with the company,

The Americans are also fast catching up. General Motors announced in
September 2011 its plans to have a joint two-year R&D collaboration with
Missan to speed up the creation of a reliable charging infrastructure for
electricvehicles. The Korean company LG Electronics supplies batteries for
GM's Vaolt, For many years, Ford Mator Corporation has worked with

Fig 7: (1) Hub Motor of Toyota
subsidiary Aisin Seiki

Fig 7: (2) Michelin Active Wheel
hub drive for electric cars
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Johnson Controls-Saft for developing advanced bafteries. In the last
quarterof 2011, Ford also teamed up with Sun Fower Corperation to charge
Ford's electric cars with solar energy, under the 'Drive Green for Lifg’
programme, Sun Power will provide 2.5 kilowatt rooftop solar systems to
charge Ford's Focus electric cars.

Batterification opens up new avenues for innovation. For example, a
number of car makers and compenent companies are looking at getting rid
of drive-trains, and fitting electric motors directly into the cars wheels (See
Fig 7). Such systems would be operated electronically, so they would also
provide traction contral. Michelin, the multinational tyre maker, in particular,
iz developing what it calls the Active Wheel, This gives the firm the ability to
provide a complete power, braking, and suspension package for electric
cars. One of the devices which Michelin is working on has two maotors
mounted within each wheel. One turns the wheel, while the other works an
active suspension system that dampens the usual pitching and rolling of a
car as it drives along. Toyota subsidiary Aisin Seiki presented various
electrichub motors atthe Paris Motor Showin 2010.

MARKET PROJECTIONS

Carlos Ghosn, CEOQ of the Renault-Nissan alliance feels that 10% of the
new cars bought worldwide in 2020 would be pure battery electric vehicles,
The current sales of green cars is dominated by hybrid vehicles from
Japanese manufacturers like Toyota and Honda. The all-electric Nissan
Leaf introduced in 2011 will catch up soon. In 2010, green car sales
comprised of one million hybrid electric vehicles (which is about 2 percent of
total car sales), about 16,000 battery electric vehicles, and 2000 plug-in
hybrids.

The Japanese automakers reported 21% growth in hybrid and electric
vehicle sales. According to statistics compiled by Wards Auto.com, global
sales of Japanese green vehicles grew to 8,53,688 units, with Toyota
claiming 80% share by selling 6,90,778 units. Toyota's growth in this
segment was 30%. The leading model Toyota Prius claimed 60% of all
hybrid and EV sales, followed by Honda Insight at 8.5% and Toyaota RX
450h (Lexus brand of Toyota) at 4.5%  Mitsubishi Motors sold 4,600 units of
its all electric i-MIEY model. Sathe market is definitely growing very fast.

A study by IMS Research suggests that global production of electric
cars—hybrids, plug-in hybrids, battery electric, or fuel cell cars—will
surpass 16 milion in 2021, accounting for 16 percent of all vehicles
manufactured. A& new report by HSBC Climate Centre of Excelence
predicts that by 2020, close to 18 million plug-in vehicles: 8.6 million all
electric, and 9.23 milion PHEV s will be sold globally. According tothem, the
market size in 2020 would be $677 billion—up from $113 milion in 2009,
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