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Reva: Driving Technology Adoption through Strategic Innovation®

With the commercid launch of the Reva in June 2001, Chetan Maini, Managing Director
of the Reva Electric Car Company (RECC) fulfilled a seventyear old dream to bring an
electric car to the Indian market. But by March 2002, it was clear that while the car was
technologicdly sound, he 4ill faced a number of chadlenges in meking it a commercid
success. The busness model adopted for the Reva included keeping capitd investments
to a minimum through innovative product desgn and menufacturing drategy, and by
outsourcing wherever possble. The latter made ramping up production volumes difficult.
On the market dde, the government had not come forth with subsdies as expected
thereby preventing the company from using price effectivdly as a competitive weapon.
The range and vaiety of cars avaldble in the Indian maket had dso increased
consderably since the market study was done making the competitive space much more
crowded. Chetan aso faced the long-teem chdlenge of mantaining the technologica
leedership of his company in the face of the great physcd distance between his
headquarters in Bangdore, India, and the world's leading centres of new automobile
technologies, the limited resources avalable, and the inadequacies of other condituents
of the Indian innovation system.

Background

Chetan had an interest in cars right from his childhood — he built a radio-operated car at
the age of 12. Later, he won a solar-powered car contest. Chetan focused on electric
vehides right from his college days. After obtaining degrees from the University of
Michigan and Stanford Universty, Chetan joined Amerigon, an American company
founded in 1991 by the senior management and technicd daff of Technar, a mgor
supplier of ar crash bag sensors to the automotive market. Amerigon’s misson is the
efficient transfer of advanced technology concepts from aerospace, military and computer
industries to the automotive market.> As a program manager a Amerigon, Chetan was
involved with a variety of deveopment projects financed by the American government
and carmakers to establish the viahility of eectric vehicle technologies.

Though the first dectric vehicle was developed in 1834, dectric vehicles are even today
not a mandream commercia propostion in developed markets. Long distances, high
goeeds, low fud cogts, and high carying cepacities combined with the clout of the
conventional vehicle lobby make dectric cars uncompetitive in those markets Ye, in
Indian cities with dense traffic, scarcity of parking space, pollution problems, and high
fued cogts, Chetan believed that there could be a market for a smal, environment-friendly
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car with low operating codts if designed to meet locad needs. Luckily for him, his family’s
busness interests in materid handling equipment and automobile components provided
the basic infrastructure to make the conception of such a project possible.

Chetan’'s dream would be congdered to be unredigic by many in a country that has, in
generd, been a technologicd laggard, and that has only recently (in 1998) seen the
launch of the firg indigenoudy developed, mass-produced car, the Tata Indica. The
project cost of the Indica a Rs 18000 million (about $ 400 million) made it one of the
largest development projects ever undertaken by an Indian company. Chetan's family
runs the Maini group, that consss primarily of a precison component manufacturing
company darted in 1973 with customers including Generd Motors and Bosch, and a
materids handling equipment manufacturing busness started in 1983. The Maini group
(Annua sdes turnover of about Rs. 750 million; Number of employees. 1500; 11
manufacturing facilities soread in and around Bangdore) while reasonably successful, is
tiny compared to the Tata conglomerate (Annual sdes turnover of over Rs. 300 hillion)
which isamong India’ s largest business houses.

The higory of smal, independent automobile manufecturers in India is another source of
skepticiam. Maruti, the smdl car company Started by Sanjay Gandhi in the early 1970s,
was a falure until the government rescued it after his death by entering into a joint
venture with the Suzuki Motor Company of Jgpan. Ancther smadl car venture
manufecturing a car cdled the Dolphin was dso short-lived. A larger company, the
Standard Motor Company of India that manufactured light motor vehicles and cars folded
up after an investment in making larger cars based on the design of the Rover turned
sour.

However, in manufacturing the Reva, Chetan could count on some strengths of the Maini
group. Founded in 1973, the Mani group’s flagship company, Maini Precison Products
(MPP) exported components with a 2 micron tolerance to Bosch more than twenty years
ago, a a time when such levels of precison were dl but unknown among automobile
component manufecturers in India. MPP was the fird company in India to export
components to Generd Motors and among the first to obtain QS9000 certification. The
company exports about 90% of its turnover. The practices and people developed by MPP
have been available to the Reva project and MPP aso manufacturers some components
for the Reva. Another group company, Mani Materids Handling, makes smal battery-
powered forklifts and other equipment for materid handling within afactory.

Reva was not the fird dectric vehicdle to be manufactured in India Bharat Heavy
Electricdls Ltd (BHEL), a government-owned company with a strong reputation in the
manufacture of power generation and other dectrica engineering equipment, darted the
development of a battery-powered minibus in the year 1978 and the development work
was completed by 1982. This conaged of a minibus with a sngle moulded fibre
reinforced plagic (FRP) body on a Mahindra & Mahindra chasss with a thyristor
chopper taking power from a lead acid battery on-board. Nearly 300 battery-powered
road vehicles with a sesting capacity of 15 passengers have been sold by BHEL <o far,
mainly to tourist operators near and around the Tg Mahd in Agra and to some zoological



parks. High initid cogt (Rs. 1.5 million for a minibus with 15 seats), high replacement
cost for batteries (Rs. 300,000) and difficulties in creating a nation-wide service network
have been some of the economic condraints to wider diffuson of this product. The
technicd condraint has been the high weight and low energy dendty of the lead-acid
battery which limit the range of the vehicde on a sngle charge. Another public sector
company, Scooters India Ltd. (SIL), has developed a battery-powered three whedler, the
Vikram EV, of which 750 vehicles have been sold, agan mainly in locations such as
Lucknow, Kahmandu and Agra where locad regulations prevent diesd vehicles from
operating for reasons of environmenta protection.

The Reva Project

Chetan's interest in cregting an dectric car for the Indian market was kindled early in his
dint with Amerigon. Based on a survey in ten cities of India in 1994, Chetan readied the
design and concept for a “city mobility vehicle” He set up a smdl team in India and a
forma memorandum of understanding (MOU) between Amerigon and the Maini group
was dgned. Because of the developmenta nature of the vehicle, the two companies
entered into a broadbased MOU rather than aformal technology transfer agreement.

The first prototype for a 2-door hatchback that could accommodate two adults and two
children was ready in 1995 and was brought to India for homologation and certification
the following year. The Automobile Research Associaion of India (ARAI) certification
of roadworthiness, a prerequisite for regidration of the vehicle under the Indian Motor
Vehicles Act, was obtained. However, the cost of manufacturing the vehicle was found to
be prohibitive, and Chetan and his team redised that a higher degree of indigenisation
would be required to make the car affordable to potential buyers in India Market
research reveded that the size of the car and its range would aso have to increase to meet
buyers expectations. Chetan and his colleagues aso took advantage of a study done by
the conaulting firm, A.T. Kearney, in 1997, on behdf of the Internationd Finance
Corporation (IFC). Based on a perceived gap between two wheders and the smallest car
avalable in the market, the 800cc Maruti, this study projected an annua demand for
18,000-40,000 smdl cars if priced appropriately. At the time that study was conducted,
Maruti 800 and the Maruti Zen were the only smal cars available in the Indian market.

By 1998, Amerigon had decided to focus on advanced technologies a the component
levd such as dimate-controlled seats and radar sensor systems, and had decided to exit
from the dectric vehicle market because it did not develop as repidly as anticipated®.
Chetan redised that development had to move completedly to India to accelerate the
development process. Starting January 1999, people were hired, and the organisation
dated functioning like a typicd dart-up. Serious organisationd chalenges confronted
the young company as the infrastructure and experience did not exig in India for the
development of dectric cars. At the same time, capitd costs had to be kept low. A young
team was recruited and their efforts were supplemented by consultants on different
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agpects. Specia efforts were made to leverage the capabilities of different Maini group
companies and their R& D centres.

Business M odel

Early on, Chetan and his team redised that to keep investments a reasonable levels, and
to be consgent with internationd automobile industry trends, it made best sense to
concentrate on assembly and outsource as many components as possible. For proprietary
components that could critically affect the vehice€'s performance, the company tied up
with other companies through specid rdationships (such as the motor controller
developed by the Curtis Company). Certain other components were developed by other
group companies.

Right from the beginning, an effort was made to formulate a manufacturing drategy to
auit conditions in India The lower cogt of Indian labour and the high cost of Indian
capitd meant that the typical capital to labour ratio of the west did not make sense for
manufacturing in India The investment costs dso had to reflect the projected pesk
volumes of 15,000-20,000 cars per year. Efforts were made to re-design the car to reduce
capital costs for manufacturing. For instance, a new bumper was designed using a process
used to manufacture overhead tanks in India, resulting in a tooling cost of gpproximately
one-tenth of a smilar product produced oversess. Similarly, for the body, dent-proof
ABS panels mounted on a tubular sted frame were found chegper and more suitable than
samped ded pands. Spending Rs. 7.5 million on the tooling for an indrument panel was
avoided by identifying a vendor who could make minor modifications to an exising
design being produced in large volumes. All this resulted in a low project cost of Rs. 800
million. With an operating bresk-even of about 150 cars per month and a payback period
of about 3.5 years to recover adl costs, RECC appears to have the right scae and leve of
investments to be a sustained player.

Raisng finance for the project was one of the mgor hurdles. Financid inditutions (FIs)
were difficult to convince, particularly because of the falure of many eectric vehicle
manufecturers worldwide. The Reva team tried to lean from the falure of other
companies 0 as to be able to improve their chances of success and to buttress their own
case with the Fls. For ingance, battery management was identified as one of the most
citicd aress. This led to a focus on the cregtion of an intdligent energy management
gysem, in collaboration with an American company, AEVT (formed by spinning off
Amerigon's dectric vehicle busness). This sysem monitors the power pack, heps
maximise driving range, extends battery life, and gives feedback to the driver on charge
levels. Today, the patented energy management systent' for which Chetan Mani is
identified as one of the inventors is one of Reva's key differentiators. This systematic
gpproach helped the company get support from ICICI and the Indian government's
Technology Development Board in the form of loans totaling about Rs. 122 million.

4 U.S. Patent No. 6,184,656 granted on February 6, 2001. Source: Www.uspto.gov



Business Prospects

As a car specidly designed for the Indian market, Reva foresees its prospects as good, but
more as aniche product than a competitor to mainstream automobiles. In its favour are its
energy efficiency (it even captures about 15% of the energy that would otherwise be
disspated as heat while braking), low operating cost (estimated a Rs. 0.40 per km), low
maintenance cod, low centre of gravity (leading to high dability), and reasonable range
(80 km on a sngle overnight charge that consumes 9 kWH). It has been tested for safety
and reliability over aout 1 million km before reaching the firs customer. The absence of
an engine, carburetor and gearbox make it easy to maintain. Designed in a modular form,
it is expected to be upgradesble as different component technologies change. As the
prices of regular cars rise as manufacturers make modifications to meet increasngly
dringent emisson norms, Reva's price propostion will improve. An additiond factor in
its favour will be that it is anon-polluting vehide.

At its present price of Rs. 249,000, the Reva is comparable in price to the mass-market
cars available in the Indian market such as the Maruti Suzuki 800 cc. car. (See Exhibit 1
for a comparison of prices). However, over the life cycle of the car, given the mgor
sving in operaing and maintenance cods, savings could be subgantid. Getting this
message across to customers is one of the chalenges of the marketing dStrategy. The
company hopes to be granted subsidies by the government (as are being given to some
other energy-saving technologies) that will dlow them to bring down the price for
customers. Other marketing chalenges include the lack of familiarity of the market with
gther the Maini group (as they do not have any other consumer products) or its
collaborators (Amerigon/AEVT).

In designing the car, the Reva team had to make a trade-off between cost and
convenience. While the daily range could have been increased beyond the current 80 km,
this would have meant a subgtantid increase in the cogt, and hence the price to customers.
Research indicated that this would have, in turn, lowered the number of customers. Over
time, the company hopes to give multiple options to customers such as offering a longer
range a a higher price, and providing climate-controlled seats as a subgtitute for air-
conditioning.

The Reva is podtioned as an ided city car (see Exhibit 2 for samples of Reva publicity
materid). With no cutch and gears, it is essy to drive Smdl in dze it is easy to
manoeuvre and park. Its nontdentable body is suited to Indian cities where most cars
have multiple dents due to narrow roads and densely-packed traffic. It has been designed
to dlow people to get in and out without difficulty. It can withgand the flooding that is
common during the Indian monsoon season with a specid snorke arrangement  that
protects the battery pack. It is specidly equipped with a voltage regulator to take care of
fluctuations in voltage during charging. And, its energy-absorbing bumpers make minor
collisons less dangerous. The car can be conveniently charged overnight — the company
does a free inddlaion of the charging infradtructure (a socket outsde the house or
gpartment that can be connected to the car).



Initid purchase patterns indicate that the buyers are often buying the Reva as their second
car. 35% of the purchases are for use by housewives for daly errands, shopping and
dropping and picking up children. 40% of users teke it to work. About 10% of users are
students. There are also some corporate purchasers as they can clam an acceerated rate
of depreciation. Less than 10% of the customers are believed to be making a statement by
their purchase of the car.

By the end of February 2002, RECC had sold about 200 cars. Production reached a leve
of 50 cars per month in January 2002. At the production rate of 50 cars per month,
demand outstrips supply, and there is a waiting lis. Ealy sdes have been only in
Bangdore so as to be able to get direct feedback from customers for improvements and
minor desgn changes. Bangdore has, in many ways been an ided city for launch of such
a product — it is Indias most technology-conscious city, is geographically compact, has
short travel distances, and traffic moves at moderate speeds. There is pressure for an dl-
India launch with more than 3500 enquiries seeking dederships for the product. Early
launch is contemplated only in those markets that offer sdes tax and road tax exemptions
— without these, the price of the car will be exorbitant. The car will dso be launched in
Ddhi to achieve gregter vishility with policy-makers in the government.

With a limited budget a its disposd, the Reva team has used innovaive methods to
promote its sde. It has literdly taken Reva to the doorsteps of Bangaore residents, by
paticipating in al mgor loca exhibitions and other events where large number of
resdents congregate. The car has aso been showcased and demonstrated at most of the
magor technology companies and inditutions in Bangadore. The team edimaes that 60
70% of people in Bangalore have seen the car. The car has been used in some movies.
Segment-specific  telemarketing campaigns have been conducted. Journdists have been
invited to the Reva factory and the car has got write-ups in al the mgor newspapers. The
company has taken care to see that word-of-mouth reports are favourable — for each
customer, it has a 7-day cusomer contact plan that involves taking to the customer
everyday for the first week after purchase.

Future Challenges

RECC bdieves that its didinctive competence lies in its ability to optimise dectric
vehide peformance and produce smal volumes very economicdly. The company
believes that its prowess is proven by its successful implementation of features such as
on-board computers to provide usage data, and its energy management sysem. The
company is building up a comprehensive database on the performance of the vehicle as a
whole, and of different subsysems, to ad future desgn optimisaion as wel as
production testing. The core dectric vehicle technology is now established in the market.
However, anumber of chalenges remain.

Ramping up Production

The future peformance of RECC depends on its ability to address competitive and
technology-related issues. At this time, the key concern is ramping up production. The



outsourcing modd, while offering flexibility and low investment, makes the company
dependent on externd suppliers to increese volumes. As a new entrant with smadl
volumes, Reva's bargaining power with large externd suppliers is smal. Though a few
uppliers maintain separate lines for smal batch production, this is more the exception
than the rule. So far, RECC has tried to overcome the disadvantage of its smal volumes
by intense interaction with large suppliers so as to build strong relaionships. At the same
time it is difficult to find smdl suppliers in India who can mantain the qudity levels and
ddivery commitments required. Bringing production in-house is only a patid solution
because this incresses ceapital investment and also necesstates teking up contract
manufacturing to ensure adequate capacity utilisation of the specidised assets so created.
But RECC could lose sdes if it is not able to meet customer demand as, in today’s over-
crowded market with powerful players and under-utilised plants, the customer has
nuMerous options.

Change in Competitive Landscape

A chdlenge faced by RECC is the change in the competitive landscepe since the time of
the A.T. Kearney study. The lower end of the automobile market today has aggressve
players such as Hyunda (Santro), Tata Engineering (Indica), and Daewoo (Matiz) apart
from Maruti Suzuki that has launched new modds (Wagon Rand Alto, in addition to Zen
and the Maruti 800). All these companies are offering discounts and incentives in an
effort to boost volumes and improve market share and capecity utilisstion. Though the
tota demand for cars in India is in excess of 500,000 vehicles per annum, RECC bdlieves
that this competitive scenario implies that the demand for the Reva will be lower than the
numbers forecast by A.T. Kearney unless the company is able to offer lower prices with
the help of lower taxes (see Government Policy and Subsidies below). The company is
aso looking at other options such as leasing the battery (current cost Rs. 35,000) so as to
reduce the upfront price of the car. Indigenisation of the battery and other imported
components may aso reduce costs.

R& D and Technology Management

Reva sees itsdlf as a sysem integrator, understanding technologies early, keeping ahead
of changes, and integrating the best-in-class in its products. The company has adready put
in place a sysem for monitoring and keeping up with new and emerging technologies. Its
R&D groups are evauating technologies that will enter the market a different times in
the next five years. The company is committed to spending about 7% of saes turnover on
R&D agang an average Indian R&D spend of less than 1%. About 50 of RECC's 180
employees work in R&D and teging. Thanks to his long experience in the internationa
eectric vehicle indugtry, Chetan Maini is well networked with the close-knit internationa
EV community. This enables him to keep doreast of the latest developments and has aso
enabled him to access foreign nationds with the requisite experience to be pat of the
extended Reva team. One issue of concern is the retention of qudified R&D manpower.
Competing for such people are two wheder manufacturers in India that are in the process
of drengthening ther product deveopment infrastructure and multinationals setting up



technology development centres. Working closdy with his R&D team to keep them
motivated is therefore an important demand on Chetan’stime.

To protect key technologies, Reva has long-term contracts and non-disclosure agreements
with suppliers of these products. Some proprietary technologies have been retained with
group companies for enhanced protection. Intellectua property protection and
enforcement will be important areas in the future.

Government Policy and Subsidies

In spite of RECC's €fforts to bring down costs, the cost of the car (and hence its price)
dill reman condrants to wider diffuson. Though as an environment-friendly vehicle
the Reva has received support from some state governments in the form of sales tax and
road tax exemption, RECC has s0 far been disgppointed in its efforts to get a substantialy
lower rate of excise duty or concessond customs duty for imports. The company hopes
that locd governments will create specid parking zones and power point access for
electric vehicles.

According to a recent press report®, “In its technology and capebilities, the Reva is head-
to-head with amilar sub-compact eectric cars recently developed by auto giants such as
Ford, Fat, Nissan and Suzuki. Unfortunately, the Reva has not yet got any of the fiscd
and regulatory support that its rivas in other countries are getting.” While Reva was
originaly designed based on a 5" generation dectric vehicle developed by Amerigon
(which was itsdf a recipient of subgtantiad research and development funding in the
United States), support from the Indian government will be necessary to hdp Reva
become a globa player in the emerging dectric vehicle market and buck the trend of the
Indian market being a recipient of outdated technologies.

Exports and Large Automobile Companies

Globa demand for vehicles in the Reva class is edtimated at about 45-50,000 vehicles per
annum. In Europe done, the demand is about 25,000 vehicles per year. Some countries
have regulaions tha dlow only environment-friendly vehicles to enter city centres, some
cities give preferentid parking to such vehicles. Electric vehides in the developed world
cogt in the range of $20,000-40,000 making the Reva quite cost competitive. It will,
however, require desgn modifications for these markets. RECC bdieves that it can
match the features and performance of the Ford Think that currently retails for $20,000
through a modified verson of the Reva that could be priced a about $38500 (the current
modd of the Reva retails a about $5000 in the Indian market). Given its modular design,
Chetan and his team are confident that they can make the modifications required to enter
different niche markets.

Smdl companies have been a the forefront of eectric vehicle development worldwide,
though companies like General Motors, Ford, Chryder, Toyota and Nissan al have
eectric vehicle development programmes. However, if there is a subgtantid increase in

® N.N. Sachitanand “Electric vehicles need Govt. support,” The Hindu, 3% December 2001, p. 16.



volumes, large manufacturers can be expected to enter the dectric vehicle market. But
this is unlikdy to happen in the short or medium term unless there is a mgor change in
fud economics. A force that could change the pace of introduction of eectric vehicles is
environment-related legidaion — the U.S. date of Cdifornia has dready mandated that
some percentage of new vehicles will have to be “clean vehicles’; for the 2008 Beijing
Olympics, a lesst 20% of the vehicles on the dreet will be clesn and non-polluting.
While a company like RECC is extremey cost-compstitive for smal volume production,
the gory is likdy to be different if the volumes increase substantialy.
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Exhibit 1

Pricesof Carsin India

Reva

Maruti 800 (Euro 1)

Maruti Omni

TataIndica (Diesd, norntAC)
Daewoo Métiz (non-AC)
Hyundai Santro LE (AC)

**Onthe-road” prices in Bangdore including 4l

pollution norms, the minimum required in Indian cities.

Source: Dedersfor respective vehicles

faxes,

Price*
Rs.

249,000
236,250
261,292
351,000
330,442
372,000

regigration charges and
insurance as of January 9, 2002 for the lowest price variant of each modd. According to
RECC sources, the Reva is comparable in price to the Maruti 800 meeting Euro 2
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Exhibit 2

Extractsfrom Reva Publicity Material

REVA
INDIA’S FIRST ELECTRIC CAR

Plug in to the Electric Car revolution.
Introducing Reva - A whole new concept
in city mobility. A concept whose time
has come. Reva heralds a new era of
non-polluting, very affordable personal transportation
that will be a boon to city commuters. This elegant,
light yet rugged two-door hatch back offers safety
and convenience, along with the opportunity to contribute
towards protecting our environment.
Take a closer look at Reva's

“hassle free” features:




Exhibit 2

Extractsfrom Reva Publicity Material
(continued)

REVA

A HASSLE FREE OWNERSHIP EXPERIENCE.

Hassle free driving:

With no gears, no clutch, Reva drives like an automatic - ideal for “stop
and go” city driving. With a low running cost you do not have to worry
about high commuting expenses.

Hassle free maintenance / repair:

With no engine, carburetor, gearbox, radiator or exhaust, Reva has
minimal maintenance costs. Besides, Reva's body panels are made of
dent proof ABS.

Hassle free recharging:

Recharge anytime, anywhere - in the convenience of your home or at
your workplace. No more queuing at petrol bunks. Just plug in, charge
up and take off!

Hassle free parking:

Reva has the smallest turning radius in its class. Couple with its
compact size, it needs the least space to park.

Think Reva. Think “hassle free” !
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Exhibit 2

Extractsfrom Reva Publicity Material

(continued)
REVA
TECHNOLOGY IN HARMONY WITH ECOLOGY!
MOTOR REGENERATIVE BRAKES

Best-in-class acceleration.

ENERGY MANAGEMENT SYSTEM
Maximises efficiency and
performance

SMALLEST TURNING RADIUS
Easy to manoeuvre and park!

ZERO EMISSION, WHISPER

QUIET DRIVE

Totally eco-friendly!

Provide ‘power-assist’ feel

CHARGER
80% charge in under 3 hours

POWER PACK
80 km to a single charge!

SIDE IMPACT BEAMS
STEEL SPACE FRAME
DENT-PROOF BODY PANEL
Security in the concrete jungle

Reva is safe

and reliable

Reva's two onboard computers, side impact beams, a specially
developed steel frame, regenerative braking, a frontal crush zone
and energy absorbing bumpers, all lead to a high level of safety

and reliability.
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