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
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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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