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Abstract

We have been living in a world at a time when unprecedented innovation is
happening in all fields of science and engineering. All this development had been possible
because of easy and cheap access to fossil fuels, which is used in generation of electricity
and fuel the various forms of locomotives for public and private transport. This immense
burning of fossil fuels for almost 2 centuries and continual deforestation forever-
expanding human footprint on planet earth has started to show visible impact on the
climate and ecology in general. More and more people are living in cities and use gasoline
based automobiles. Private vehicles like cars, scooters and three wheelers use petrol and
diesel while larger vehicles burn diesel. This burning of fossil fuels in the arteries of
modern cities have severely deteriorated the air quality in all the cities world over. The
problem in Indian cities is even more acute due lack of rainfall for most part of the year
except monsoons and presence of very old internal combustion engine vehicles plying for
public transport. In recent studies of air quality, 8 out of 10 cities with worst air pollution
are from India and the country ranking 177 out 180 nations in air quality metrics
worldwide. This alarming situation has forced the government at various levels in India
and its citizens to work together and improve the situation. Indians are among the worst

affected population with respiratory diseases.

The solution to poor air quality in cities lies in moving from fossil fuel based
transport vehicles to electric ones. However, few countries have been able to move away
from fossil fuels so far owing to several reasons like unavailability of electric vehicles for

the masses, non-existent battery supply and charging infrastructure and lack proper
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incentives from government. On top of this, companies of advanced countries in Europe,
US, Japan, hold a lot of major intellectual property on electric vehicles and battery
technologies Korea etc. making the whole move to electrification of transport vehicles

extremely expensive.

The scope of this thesis would be to propose a business plan based on a market
study, recent trends in automotive industry in India, understanding pain-points of various

stakeholders, develop a marketing strategy and also a financial plan and projections.
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1. Introduction

There have been tremendous activity going on in the automobile industry owing to
Tesla’s aggressive push of electric vehicles in US market. This has accelerated the
development of electric vehicles from rest of internal combustion based automobile
manufacturers. A very fundamental requirement of electric vehicles is efficient
rechargeable battery bank in various aspects like cost of mass production, electrical
performance, weight and safety. There are some key factors, which have led to strong

push in this direction from private industry:

(@) Air pollution in large cities

(b) Stringent exhaust standards for new vehicles

(c) Geopolitical instability of crude oil producing countries

(d) Large crude oil import bill of developed and fast growing economies

(e) Wider climate change acceptance among common public

(f) Rapid decrease in cost of electricity from solar, wind and other emerging

renewable energy sources
All these factors have led to consensus among automotive industry players and

various governments that everyone needs to work together for a sustainable development
and be proactive in controlling greenhouse effect causing gas emissions from burning
fuels. Intensity of storms have increased and so have wildfires increased in California [1] .
Many glaciers have retreated to record altitudes in Chile, Nepal, on Himalayas and on
Alps. When it rains, it causes flooding and landslides. But a lot of areas also face drought

like situation. Russia and other Baltic nations are already making sea routes over Arctic
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Circle in case the ice does not come back [2]. All these climate observations have also
given rise to renewed investment in developing alternative solutions which may help in
more sustainable living. Development of electric vehicles, from 2 wheel scooters to 16-
wheel long-distance highway trucks as well as fuel cell based trains are in the right

direction and need of the hour.
1.1 Recent happenings in EV space in India

India has been among the fastest growing nations in terms of GDP, averaging about
7% for the past 2 decades or so. Owing to its large population, this has very little effect
on a per capita basis. There is huge migration of population from villages to small towns
and respective capital cities [3]. This has put tremendous pressure on transport services.
Roads are chockful of public and private vehicles during office hours in morning and
evening. Spending 2-3 hours in commute to and from office is not uncommon. And all
these burn petrol or diesel. This has led to waste of fuel in commute traffic as well as
increase in automobile exhaust gas inhalation leading to respiratory diseases. If left
unchecked, it will lead to poor quality of life in cities [4] and huge public healthcare
expenditure. The central government have vision to allow only electric vehicle sales by
2030. And it also wants to have faster adoption of electric vehicles. Following policy

changes have been incorporated in that direction:

(a) Massive installation of solar and wind power all over India [5]
(b) Waiver of electricity transmission charges for wind and solar generated
electricity till 2022 [6]

(c) Sharp reduction in of electricity demand and supply from 6% to 0.6% [5]
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(d) Aggressive promotion of startups by many state governments in terms of
seed funding, working space, mentoring and acceleration to full firm [7]

(e) ISRO licenses its Lithium ion battery patent for INR 1 Crore [8]

(f) Governments lifts license requirement for setting commercial charging
stations for EV [9]

(9) India overtakes China in terms of on road electric vehicles in the form of

EV auto rickshaws [10]

The above changes have given a lot of confidence in setting up innovative services

in emerging technologies in fintech, electric vehicles, healthcare and so on.
1.2 Methodology

The thesis is based on methodologies taught in “Entrepreneurship in Practice”

course for lean startup. It takes following steps:

(a) Business opportunity Identification
(b) Product/Service design

(c) Business model design

w— = ==

Teach Exercise Teach Exercise Teach Exercise
Tf Business ’*‘ T"r*
[ : Y i | i
! Opportunity il Product/.Serwce o Busmess. Model
"~ Identification ) Design ; Design
Feedback Review Feedback Review Feedback Review
s "‘_»f;’. —=, ya —

(i e i

Figure 1: Lean startup methodology for business model design
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The theses also propose stage wise setup and expansion plan along with other key

planning in terms of

a. Operation plan

b. Investment plan

c. Organizational structure
d. Marketing plan

e. Sales plan

f.  Economic and financial analysis

The author is also inspired by thesis of R Shyam Shankar titled “Battery as a service for
Light Electric Vehicles - A Business case study” [11]. Author wish to highlight some key
shortcomings in his proposal and offers a more implementable and financially sustainable

business plan.
1.3 Challenges to implementation

The author has observed some key bottlenecks to implement the type of battery

swap network as envisioned by [11]. They are elaborated below:

1.3.1  High Cost of lithium ion battery pack

Existing electric auto-rickshaw use 4 lead acid batteries connected in series. Each
battery has a rating of at least 100 Ah at 12 volts, weighing 30 Kg. While the vehicle cost
about INR 120,000, lead acid battery cost about INR 24,000. The cost of 48V 33 Ah

lithium ion battery cost about USD 700 in Taiwan that supports about 3000 cycles of
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operation. Government of India imposes 30% import duty and about 18% GST tax on
lithium ion batteries. As a result of this, the cost of proposed lithium based battery will
cost about INR 190,000 in the rickshaw. We can see that the battery pack cost 58% more
than the vehicle itself. There is high possibility that anti-social elements in the society

may target the vehicles or swapping stations to steal the batteries and disrupt our business.

1.3.2 Poor distribution model

Driving the batteries are currently envisioned as being charged and given on rent

by local shop owners. The local shop owners may have following constraints:

(@) Limited space to keep batteries
(b) Limited electricity consumption allowance due to their location and size
(c) Timing mismatch with rickshaw operators

(d) Risk of high heat due charging and high current draw

In addition to above, each ‘charging dock’ may not be able to support more than 10
autos. So there need to be huge network of charging docks. This will severely limit the
control of operations and serviceability in the long run. The shop owners may potentially
face some loss of business as well as loss of property due to high heat risk. Presence of
large number of retail charging docks will also need a lot more redundant and expensive
battery for the company. That way, a lot asset will remain idle and severely affect
financial sustainability. Since not all EV auto will arrive at the same time to swap their
discharged batteries, there is a fair chance to support more autos than no. of batteries in
capacity. This will need the battery banks to be more centralized than distributed in small

quantities at retails shops.
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1.3.3 Trust deficit

In the renting business, one of the biggest issues is of trust. Who will be held
responsible if the item being rented gets some damage? What if people take out genuine
healthy batteries and replace it with fake and used ones? Who will be held responsible if
the auto rickshaw is robbed of the expensive batteries? What if the vehicle motors get
some problem due to current surge from the battery? What if there is some unwanted
event happens like fire or accident due to slight negligence? What if the battery could not
serve the customer due temperature or weather factors and the auto drivers lose their
business for the day? All these questions and even more need to be answered before
beginning of operations. One solution may be getting some form of insurance from 3"
party insurers. It will need wider ecosystem of independent auditors, insurers, service

providers and government to come up with some acceptable solution.

1.3.4 Financial viability

From above discussion, it is clear that a more thorough look into possible
implementation is needed. A key variable in cost estimation is life of lithium ion battery
in terms of number of charge-discharge cycles. Different manufacturers quote different
numbers based on anything from 60% to 85% of full capacity. Also, the temperature
variations in Indian cities are a lot more throughout the year. So any technical figure need
to be taken with grain of salt and there should be reasonable safety margin in real world
results from quoted ones. We have already seen that the proposed battery cost 90% more

than the vehicle itself. It mainly due to import duties and shipping charges. Mass
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production of local made lithium ion or similar technology batteries have not started yet.
Some are expected to start producing in 2019 onwards in small volumes. It is only in 2020
that we will be able to see large capacity batteries for EV application. Till then, there has

to be a backup plan to test the market and justify the battery as service business model.

OM [1] OM [1]
Items Lead acid EV | proposed proposed
as of now (Assumed) (Realistic)
Battery cost 24000 190000 190000
Lifetime cycles 300 3000 2100
Depreciation per cycle 80 63 90
Battery storage power(units) 4.8 4.8 4.8
Electrical efficiency 75% 95% 90%
Electricity cost per unit 10 10 10
Electricity cost 64 51 53
Daily operating cost 144 114 144
Cost saving vs Lead acid 21% 0%

Table 1: Comparison of OM proposal with real numbers

As we can see from the table 1, battery lifetime cycles of 3000 corresponds to about 10
years of usage. This may be too aggressive considering that there is wide fluctuation in
operating temperatures in India from 2-48 degree Celsius. Taking 2100 as more realistic
number for lifetime cycles for lithium ion battery, the assumed cost saving of 21% against

lead acid battery operation vanishes complete
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2. Battery as a Service model discovery

There has been rapid change happening on the roads of India, particularly north
India, in terms of mix of public transport vehicles. There is a big proportion of cars and
auto rickshaws on road that cater to shared services like ola and uber. Among auto
rickshaws, a big number of them are battery operated vehicles. This has been possible
because of low cost of electric vehicles, especially those imported from China.
Furthermore, the government of India has easy loan policy under MUDRA scheme.
Furthermore, the EV auto buyers get Rs. 20000 rebate on electric vehicles. All this makes
a win-win deal for a new auto driver. This also helps reduce carbon dioxide emission in
the city to some extent. The interplay of various parties and effects have been captured in
figure 2. The author of [11] has done a wonderful job in identifying battery as a service
business model. To fully understand the dynamics of various stake holders in the game,
we have to understand the system dynamics in EV market for auto-rickshaws. We can
see that to get customers for battery subscription, the customer has to be provided with
lower cost of operation than his own serviced one, has to see a positive benefit of battery
swap network effect and should not feel inconvenience of daily battery swapping. In gist,
the auto-rickshaw should not feel his daily business operation disrupted. Instead, he
should feel a service that removes some of his pain points and bring reliability in his
livelihood. A big factor is production of lithium-based battery in India and Indian
government policy to tax foreign sources batteries at very high rate. Overall, there is lot
of positive reinforcement going from various directions to make adoption and

sustainability of EV based auto a success in the long run.
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2.1 Business opportunity Identification

With fast growing number of electric vehicles in form of 3-wheel auto
rickshaws, there is a new ecosystem under development to serve them. It is in the form
of EV vehicle manufacturing, creating manufacturing supply chain of various spare
parts, energy storage in various forms of battery technologies like lead acid, lithium
based batteries, even solid state ones. Unlike petroleum based energy storage, electric
based solutions are extremely slow to replenish the vehicle with power when it is
“empty”. Hence these is a need of a customized solution or ecosystem to deliver power
in a more efficient way. For now, almost all EV auto owners keep a big capacity battery
in the vehicle that charge overnight. And they hope and pray that it will be sufficient for
whole day of operation and sustain their earning. But all batteries have limited cycles of
charging and discharge cycles. And high quality batteries cost a lot that these auto
owners don’t have money to buy. As a result, they end up buying cheaper ones and this
limits their duration of operation and hence their earning potential. Furthermore, they
have to maintain some serious battery charging setup at their home. Most of these auto
drivers come from very humble backgrounds. They barely have a house. And only
recently, they have got electricity connections but they have limited allowed units of
consumption as it is mostly meant for lightening and very low power electrical
appliances like fans or computers. Hence, when these auto drivers try to charge their
batteries at home, they end up with dispute with power companies. Some charging
stations have come up to the auto drivers rescue but they charge a lot for auto parking
and charging the batteries. Hence the solution of battery swapping for them. This idea

of providing battery as a service is very timely in the context of changing landscape of

10
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Indian automobiles. There are already about 1.5 million EV vehicles running all over
India. Having the scale of economies will benefit all players especially in the electricity
production, distribution and storage. | will later show how it is economically and
ecologically attractive and it has the potential to be the backbone of city transport
industry. The value proposition becomes even more attractive at a time when all cities
in India have air pollution at a critical high. People are actively making choices that puts
them in healthier situations. Many people have chosen to relocate to a city where they
get better air quality and better office hour traffic conditions. Sharing cabs or cars has
been in practice for more 5 years now in almost all major cities. Wherever possible,
people choose to stay closer to their office so that they can either walk or use bicycles to
their office. Even companies have offering more “work from home” job offers so that
their employees have better time and health management and can spend more time with
their families. All these are big changes happening in Indian social and working
mindsets. People are eagerly embracing changes to best suit them. In the same direction
of change, EV auto have become very handy in proving last mile connectivity from

major metro/train/bus stops to the respective homes or offices.

A key development that encourages the battery swap service model is
availability of electricity for 24 hours in all Indian cities. The central Indian government
has managed to bridge the electricity peak hour demand and supply gap to less than
0.6% [5]. This is a huge improvement from more than 6%-12% just 4-7 years back.
Because of this, the batteries can be charged without much interruption and it should not
act as bottleneck. To speed up the adoption, the government has also removed specific

regulations on setting up of charging and sale of electricity for transport purposes. So

11
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many enterprising individuals may be looking forward to serve in setting up charging or

related services.

Economic forces: A key benefit of EV auto operation is freedom from daily fluctuating
cost of petro or diesel. In addition, the electricity cost less than half on a per kilometer
ride basis. Therefore, a clear economic advantage exists against existing solution. New
auto rickshaw drivers are only limited by their available resource in terms of battery
charging infrastructure. The reduced cost of operating electric auto rickshaw is highly

desired. Moreover, the customer gets to enjoy a cost effective ride to his/her destination.

Social forces: The rapid urbanization has brought in huge population shift. The high
population density demands high quality residential homes and neighborhoods.
However, the rapid increase in petroleum-based vehicles has significantly deteriorated
the air quality of the cities. Furthermore, high air pollution has caused increase in
respiratory related diseases. So all kinds of ecology related media news get
disproportionate coverage and this has helped in raising awareness of ecological
impacts of burning coal or petrol. People are ready to change their behaviors so that
they add as little pollution contribution as possible. Cycling and walking or running to
offices are a lot more common sight in many Indian cities now. There are groups who
actively encourage and advertise their benefits on social media platform. Ride sharing,
less use of private vehicles, increased use of public bus and local metro trains are much

more prevalent.

Technological advances: The energy density of lead acid batteries are already able to

provide full day ride for most EV based auto rickshaws. The cost of lithium-based

12
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batteries are falling at a rapid pace. In the advanced countries, the cost of lithium ion

based batteries are expected to hit $200 per KWh in very near future

SALES PRICE PREDICTION OF LITHIUM-ION
BATTERIES IN 2020 200

N
~N
v

250

195 [—]

Sales price (Dollar/kWh)

BE =

Battery | Battery Il Tesla- 2017 P3 - 2016 GTM Avicenne - Roland and Boston
prediction - prediction - Research - 2015 Berger - Consulting
2017 2017 2016 2012 group - 2010

Figure 3: Sales price prediction of Lithium-ion batteries in 2020 in USA

However, market prices will vary and be significantly more than this, hitting even $200
per KWh for Indian market will be nothing short of technological miracle. Its
lightweight and much higher energy density can significantly increase the speed, range
and weight carrying capacity of the EV vehicle in the cities. As if there is crisis level
situation, laboratories and researchers all over the world are constantly improving on
energy density and safety of newer storage technologies to serve the electric

automobiles.

Political action and regulatory change: As discussed earlier, the government of India
has lifted many regulations on sale of electricity in cities for electric vehicle battery

charging purpose. The current government in India under leadership of Prime Minister
Mr. Narendra Modi have set very high targets of setting solar and wind power farms all

13
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over the country. They have lifted low powered electric vehicles related licensing and
battery technologies from certification and safety audit requirements for less than 250
W motor capacity [12]. The cost of solar and wind power distribution from their source
of production is completely being borne by state electricity transmission companies to
enable deployment and consumption of green sources of electricity [6]. This loosening
of critical regulatory requirements openly invites entrepreneurs to develop innovating
solutions in the Indian auto industry and help reduce the pain points of customers and
various industry players. All this is driven by acute situation of air quality in Indian

cities.

2.2 Product and service definition

The key service being proposed to offer is fully charged batteries on rent to 3
wheel EV auto rickshaws at a reasonable cost with guaranteed state of charge and certain

minimum runs in kilometers per day. In India, there are primarily 2 types of auto drivers:

(@) Self-owned EV auto drivers

(b) Auto drivers who rent the EV auto from a fleet operator

The two kinds of auto drives have very different responsibilities in terms of usage,

revenue collection, vehicle maintenance and battery charging.

For the self-owned EV vehicle owner, he himself is responsible for raising money
from bank loan to buy the vehicle. All costs on vehicles for its maintenance, battery
charging, and battery replacement almost every 6 months, parking has to be borne by him.
However, he also gets to keep the full revenue from his customers. Customers mostly pay
autos in cash. Some auto drivers have installed PayTm and other debit card or smartphone
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payments bank based payment service. This got push due to cash ban of high
denomination in 2016 [13] and removal of payment transaction fee for small amounts
[14]. They will be the ideal target of battery as a service customer. These are the auto
drivers who have to pay good amount of cash to charge and park their EV batteries
overnight at high cost. They also face the risk of loss of battery charge holding capacity

due to poor battery chargers that are not fully optimized for their battery brand.

For the second target group that rent the EV auto from fleet operators, the situation
is very different. These auto drivers are generally the ones who have started running autos
very recently and do not have means to buy their own vehicles. Therefore, they rent the
EV auto from fleet operator on a daily basis. Major expenses like major vehicle
maintenances like battery replacement, motor repair, tire replacement and other big items
are borne by the fleet operator. Even battery charging cost is generally borne by the fleet
owner. Therefore, there is very little incentive to get the battery charged at own cost as
the auto driver has already paid for the cost of the charged battery. However, this is
changing in some cities. Some fleet operators reserve the specific vehicle to specific
driver if he regularly rents the vehicles. This segment will be potential future target. We

also do not know the proportion of these auto drivers.

The following business model canvas captures the essence of various aspects of the

proposed business plan.
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Key partners Key activities Value
proposition
—Electricity —Rent rechargeable
utility company batteries to light —provide
—Battery electric vehicles like | reliable
manufacturer 2/3 wheelers in easily
—Electrical India swappable
instrumentation —Provide training | battery to 2-
and control and necessary 3 wheeled
companies equipment to light electric
—Cloud franchise partners vehicles
computing —spur
provider Key resources adoption of
—3 wheel EV —Battery swap electric
manufacturer stations vehicles in
—sInsurance —High current AC | India
provider to DC converters —Help
—Payment banks | —Fast chargers reduce local
—Blockchain — Lithium-ion air pollution
software partner battery due to
—Government manufacturer automobiles

Customer Customer
Relationships segments

— special promotion | —2 wheeler

for old customers electric

who bring new scooters
customers —3 wheeler
— same side network | electric auto-
effect rickshaws

— Gifts to customers
on special occasions | —Battery
size and type

Channels based
segmentation
—Own battery swap
network

—Franchise partners
— Android app for
usage, payments,
information and other
services

Cost structure

— Fixed costs : station rent, employee salary, battery
and other instruments , Initial marketing

— Variable costs : Electricity , Goods & services Tax,
cloud storage & computing , software subscription,
Lawyer service fee,

Revenue streams

— Pay per battery swap fee

— Monthly subscription fee (with
fixed no. of battery swaps)

— License fee from franchise

— Sale of old batteries for recycling

Figure 4: Business Model Canvas for OM battery swap for light EV

They will be discussed in more detail in following chapters.
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3. New technologies at a glance

Past 10 years have seen tremendous growth in the use of smartphone. They are all
connected to 3G or better internet connections. The smartphone penetration is more than
80% in India. Even the poor people are able to afford feature smartphone. People are able
to check their gps location, able to do online money transfer using smartphones, check
wholesale prices of goods, order goods of daily use from E-commerce websites, do social
networking. There is also a huge number of payment banks that enable fast payments
using wallets. Blockchain is another emerging technology which is finding good traction
among technocrats. In the same way, franchise way to expand a product or service to
much bigger audience is also gaining momentum. Fintech related service offerings are
finding huge acceptance in the Indian context. We will be discussing some of them in the

sections below.
3.1 Blockchain technology

Bitcoin has been a known name in media for past few years mainly due sharp rise
in value. To mimic them, many more companies, mainly startups, started offering crypto
coins similar to bitcoins. Their market size is estimated to be close to US $300 billion.
The underlying technology behind them is called Blockchain [15]. Blockchain
technology has following key characteristics that make it very attractive in any kind of

electronic transaction like money, messages or even business contracts.

(@) All information is digital that eliminates need of manual documentation
(b) It is based on distributed ledger. It means all information is stored on a

network of computers but there is no central authority.
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(c) All changes in the ledger are simultaneously updated across the network.

(d) It is Consensus based. Any transaction can be successfully executed only
if there is unanimous approval from all.

(e) All information is chronological and time stamped, kept in a form of
blocks of data, chained using highly advanced cryptographic algorithms
and making it irreversible once a block is added and chained. This is the
key property that makes the technology stand apart. It is auditable and the

technology can work in real time.

The motivation of using blockchain technology in our battery swap operation is
to make it future proof and ability to make it an open platform for energy companies,
battery charging stations, auto drivers and the government. This technology will bring
transparency and trust for everyone and help the platform to grow faster and remain
resilient to hacks and fraud in the long run. However, this will need significant investment
for IT infrastructure in the backend and supporting computing hardware requirements at

the swap station and each battery level, the author thinks this is way to enter the future.

IOTA is an emerging blockchain technology. There are many projects in trial in the field
of payments for electric vehicles based in European countries. We will be in a good
position to leverage many of these open source work to popularize the blockchain
technology in general. The application of blockchain will enable the customer to be
charged only for the portion of electrical energy stored in the battery that he has consumed.
Once this information is encoded in the blockchain, it will be mutually binding on the

monetary equivalent for the service to be charged. Blockchain can also be used to track
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rate of electricity price at particular time of the day from a specific producer when smart

grid is up and running in India.

EV Auto
drivers

Battery i)
power

Suppliers OM cloud generator
Blockchain
Infrastructure

Franchise Financial
partners Institution

Figure 5: OM partners with Blockchain and cloud infrastructure

3.2 Franchise model of operation in India

Franchise model is a special type of licensing agreement where the right to use a
market proven product or service model supported by intellectual property rights
associated with the business model. It is a very good way of expanding a business in
relatively short time frame and relatively small capital requirement. The franchisor, one
who lends his trade name and the business model, to the franchisee. There is legal and
binding agreement to lay royalty fees to the franchisor. The motivation behind this
business model is sheer size and diversity of India. Another key factor is local political
influence. A business cannot run without involving key local politically influential people.

With franchise, we can get the key people on board as partner, which will not only help
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run the business but also help secure the property from local strongmen. This is also
necessary, as India is very diverse in terms of language. It will help immensely to work

in local language, and make customers feel like getting personalized service.

In India, franchising model of business operation governed by multiple allied legislations
that affect the working relationship between franchisee and franchisor [16]. Before

opening the business for franchise model, we will need to do these background works:

(@) Prove that battery as a service model works

(b) Secure battery health monitor and tracking intellectual property

(c) Build detailed forecast of business expansion and financial returns

(d) Get in agreement with solar and wind power companies for long term

electricity purchase in towns and cities

/Indlan

o contract :
oreign Act, 1982
exchange \ / Intellectual\
manageme ; l property |

nt act,
1999

Tra@
of )
property |

act, 189’
\ Conm.,

| protection |
/ Ta®

act, 1986
laws

\ laws /

Fra;chismg, //'f

Legal | [ Competition
framework |

act, 2000
in India \ /

Figure 6: Legal framework for Franchising in India
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3.3 Fintech revolution in India

Fintech refers to technologies associated with finance in the space of digital
banking and payments, investments in various assets and many more areas. With the
democratization of smartphones and mobile internet, it is no longer necessary to visit a
bank branch to get banking services [17]. There are ATM machines for cash deposits and
withdrawal. All the retail shops accept payments with debit cards. India launched their
own RuPay branded payment channel which is much cheaper in transaction cost that
VISA/ MasterCard/ American Express cards. Furthermore, many companies are offering
wallet and payment services at no transaction cost. PayTm, and almost all traditional
banks offer E-wallet service. These new age services do not need cash to be carried and
are very safe from hacking and cheating. Going cashless also enables banks to offer loans
to customers based on their transaction history and help raise money for important life
events. This is very important for self-employed individuals like EV auto rickshaw
drivers who are generally at the bottom of social pyramid and have very tough time
raising loans for their living. To this end, it is beneficial for both providers and customers
of battery swap service to keep all transactions routed through official banking channels.
This will greatly reduce the risk of loss of cash to unscrupulous elements or some
employee going rogue. Money at the banks will also help to instill confidence in business

partners and battery and other equipment suppliers for long-term relationship.
3.4 Cloud storage and computing

With emergence of cloud based storage and computing, i.e. the computing and

storage resources are located at a third party service provider instead of company’s local
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premises. They are connected by high-speed internet connections, use state of the art
encryption, information security policies, and technologies [18]. In the past 5 years, many
large corporations are shifting their compute requirements to cloud so as to bring
flexibility and satisfy diverse computing needs spread over large geographies. The cloud-
based technologies have brought down the cost of computing and storage a lot more
affordable for small companies to start operations and pay only for what they use. This
makes it highly attractive for small as well as large companies who always struggle in

forecasting their computing needs.

Battery as a service is inherently a retail shop chain spread over wide
geographical region. Setting up a secure and large centralized IT infrastructure will be
quite expensive and prone to obsoleting every few years due to expanding business and
addition of more regions of operation. Since cost of internet communication has dropped
down sharply, it makes sense to keep minimal computing hardware in respective battery
swap stations, use the fast communication capabilities to store, and retrieve business
information. Again, with cloud computing and storage system, the data can be accessed
and analyzed from anywhere and should be lot more secure and capable to defend against
hacks and disruption of operations. All the software license cost will be flexible and can
increased depending upon newer requirements. It also free up a lot of capital from setting
private secure networking infrastructure. This can be used to help invest in the core

business operations.
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City2 City2
SWP2 SWP1

Figure 7: Star networked central cloud connected Swap stations
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4. Market studies

Automobile industry is undergoing tremendous shift from gasoline and diesel
based vehicles to battery based. A key challenge is cost of the vehicle. But the immediate
need and demand of general public is clean air in the cities and reduction in global
greenhouse gas emissions. India is not completely unaffected with these changes
happening in rest of the developed economies. Let us look at them in detail to understand
the market for battery based vehicles. The case needs even more thorough understanding
of the market as the “customer” in the business proposal lies at the bottom of social

pyramid but he forms a very crucial part in mobility of residents of cities.

4.1 Key success factors for EV battery swap business

The first thing we have to understand is the key requirements of the customers. In
our case, the auto rickshaw driver run battery-operated vehicle for his family’s sustenance.
The author can envision following key factors needed to serve this customer and make

battery as a service a successful venture.

(@) Little difference in amount of time to “Full Tank™ as against petrol vehicle
(b) Least number of battery swaps

(c) Battery electrical power compatibility with electric vehicle

(d) Safe and easy to operate

(e) Ability to monitor remaining battery capacity

(F) Swap stations in neighborhood

(9) Mileage consistency on full battery charge

(h) Light weight battery
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(i) No modification in vehicle

(j) Ability to pay in cash

(k) Ability to attract more passengers

() No impact of cold or hot weather in vehicle carrying capacity
(m) Affordability of service

(n) Ability to raise loans from payments and transactions

(0) No disruption in case of power failure on large scale

From operations perspective, the success of the firm has very different requirements.

They are mentioned below:

(@) Ability to negotiate competitive tariff rate from traditional power
companies

(b) Ability to buy solar and wind power at affordable rate

(c) Ability to claim tax incentives, various fee waivers like electricity
transmission waiver for green power distribution

(d) Provide reliable service standard

(e) Get best in class battery technology at reasonable cost

(f) Convince and redesign EV auto makers to make the vehicle battery swap
friendly

(9) Design very reliable (mechanical and electrical), hack proof and cost
effective battery monitoring system

(h) Execute corporate social responsibility plans
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4.2 Power sector in India

Let us now look at the power situation in India [5]. From 2014 onwards, the
government has made tremendous effort in making power plants run at full capacity. The
coal fed thermal power plants access to coal from Indian sources have been prioritized.
New power plants based on natural gas and hydel power are under development. At the
same time, there has been strong push to commercially install very large solar power
farms all over the country. To reduce the consumption of electricity, the central
government has freely distributed LED based bulbs to poor sections of society. There is
strong push to use efficient water pumps used by farmers for irrigation as they consume
free electricity for the most part. There have been campaigns in the media to keep air
conditioner temperature to as high as possible to plug possible wastage of electricity. All
these factors have led to sharp reduction in energy supply and demand gap. In November
2018, this gap stood at -0.6% which is a huge improvement from more than 4.5% just 4
years back. This has significantly reduced the electricity power cuts or load shedding
prevalent in most parts of the country. On an average, cities used to get 20-24 hours of
electricity supply while 2" tier city and towns averaged 12-22 hours. This has been
significantly pushed higher even in peak demand time in summers. A typical daily

demand curve of electricity is presented below.

Typical Seasonal Load Curves Typical Seasonal Load Curves
For Northern Region ; For Southern Region

B N I I I S I I S O S S S ey

Figure 8: Seasonal power plant load curves for north and south regions in India
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We can see that there is significant difference in consumption pattern between
north and south regions. The pattern also has significant impact of seasons. This pattern
has significant impact on pricing of available electricity rate, which varies throughout the
day and throughout the year. As the cost of electricity will significantly affect the
financial performance of the company, it is envisioned to control the charging of batteries
when cost of electricity is least. If feasible, a large resident battery bank can be installed
at each battery swap station, which charges itself at cheapest available electricity rate and
charges the EV auto batteries when demanded. Though this setup will be expensive to
imagine, it may be required in the long run to gain from very low and sometime negative
cost of electricity. The key factor will be cost of cheap and efficient large capacity storage

battery.

Furthermore, swapping station will be made intelligent enough to enable charging
at varying rate depending upon rate of electricity on offer on the supply grid. An efficient
algorithm need to be implemented to bring cost of electricity for charging while

maintaining availability of fully charged batteries for end customers.

Looking at data from Central electricity authority in India, we can see power
situation at state level. We can see that there is wide variation in power peak demand not
met situation. Patna is the capital city of Bihar state where power situation looks very
promising. The mismatch in demand and supply is less than 1%. For other cities that we
will be targeting, we will need to study the exact situation locally and take a call if it is

feasible to start the operation
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Figure 9: North Indian states power surplus/shortfall situation in 2017-18

Month-wise power supply position of States/ UTs during the year 2017-18
(in terms of peak)

State/ Reglon Apr-17 | May-17 | Jun-17 | Jul-17 | Aug-17 | Sep-17 | Oct-17 | Nov-17 | Dec-17 | Jan-18 | Feb-18 | Mar-18 | 2017-18

Surplus(+)/Deficit(-) (MW) -235 -242 68 274 -316 -219) -237 -164 -164 -191 -100 -175 -175
(%) -0.5 -0.6 0.2 -0.6 -0.8 -0.5 -0.6 -0.4 -0.4 -0.4 -0.2 -0.4 -0.4

Bihar

Peak Demand (MW) 3926 4122 4394 4182 4167, 4437 4521 3917 4038 4359 4356| 4481.56 4521

Peak Availability (MW) 3904 4021 4131 4113 4042 4428 4515 3917 4038 4343 4346| 4468.56 4515

Surplus(+)/Deficit(-) (MW) -22 -101 -263 -69 -125 -9 -6 0 0 -16 -10 -13 -6
(%) -0.6 2.5 -6.0 -1.6 -3.0 -0.2 -0.1 0.0 0.0 -0.4 -0.2 -0.3 0.1

Damodar Valley

Corporation

Peak Demand (MW) 2651 2684 2518 2592 2538 2785 2573 2731 2737 2886 2758| 2895.69) 2895.686|

Peak Availability (MW) 2651 2684 2518 2592 2538 2749 2573 2731 2737 2886 2758| 2895.69, 2895.686|

Surplus{+)/Deficit(-) (MW) 0 0 0 0 0 -36 0 0 0 0 0 0 0
(%) 0.0 0.0 0.0 0.0 0.0 -1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Jharkhand

Peak Demand (MW) 1197 1211 1228 1203 1260 1212 1206 1245 1332 1192 1175] 1205.06 1332

Peak Availability (MW) 1197 1211 1228 1203 1260 1212 1206 1245 1200 1192 1175| 1162.06 1260

Surplus(+)/Deficit(-) (MW) 0 0 0 0| 0 0| 0 0 -132 0 0 -43 -72
(%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -9.9 0.0 0.0 -3.6 -5.4

Figure 10: Monthly Power availibility in Bihar and Jharkhand in 2017-18
4.3 SWOT analysis

SWOT analysis is a very popular framework in strategic planning and is used to
identify strength, weakness, opportunity and threats respectively. Opportunities and
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Figure 11: SWOT framework of OM

As we can see from the SWOT matrix, the weakness and threats have to be appropriately
balanced with strengths to fully take advantage of first to the market and make way for
sustainable and dominating market presence. A key threat is that once auto drivers rent
battery, they can also continue to use it by setting up a battery charger system themselves.
This can wreak very significant negative implication on sustainability of our business

29

doi:10.6342/NTU201804375



model. The auto drivers should be provided some incentive to keep using the subscription

without gaming the service offered to them.

4.4 Porter’s 5-force analysis

(for Lead acid battery suppliers) ( customers can switch back to

(For Li-ion battery suppliers) petrol based vehicles)
( Solar powered vehicles in
summers)

Industry
competitiveness

Low
(In nascent stage for now)

(For one city operation) ( They can easily serve themselves)
(For regional level operations) ( Many different automobile design )
(In terms of technology)

Figure 12: Porter's 5 force framework for battery swap for light EV industry in India

From porter’s 5 force analysis, we see that barriers to entry in this business is low. It is
mainly due to the fact that the government has removed a lot of regulations that apply to
gasoline based vehicles like safety certifications, pollution check, licenses to sell
electricity in form of charged batteries or charging stations etc. Significant barriers exisit
in the form of cost, technology and mass manufacturing capability of Lithium ion
batteries or other high energy battery forms within India. Some companies like Exide and
Munoth industries will start production in 2019 in small scale. Automotive grade lithium
ion batteries are still expected to be imported from China, Japan , Taiwan or Korea well
into 2020 or so. Because of large import duties, it becomes very expensive to make sense.
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This acts as a natural barrier for large scale lithium ion battery based subscription business

model in india.

4.5 Comparing battery technologies

Below is a table of conventional lead acid and lithium-based batteries available in India.
All figures are approximate as all available products perform around the figures in the
table. Lithium batteries cost have import and shipping component into it. Lithium
batteries will have significant cost per cycle advantage over lead acid based once they

start being manufactured in India and match cost and quality.

Lead Acid batteries Lithium based
Cheap Exide Advanced LiFePO LTO
Energy density (Wh/Kg) 30 40 50 130 110
Power density (W/Kg) 120 180 190 200 200
Cycles 150 300 600 2000 6000
Fast charge time (Hr) 12 4-8 4-8 1-2 1-2
Temperature range 25C-35C | 25C-35C | 25C-45C 25C-40C 25C-40C
Cost (INR per Kwh) % 5,000 X 8,000 X 16,000 X 56,000 X 1,20,000
Cost per cycle X33 %27 X27 %28 %20
Energy Efficiency 60% 75% 80% 90% 90%
Daily cost of operation X167 X133 X130 X128 X104

Table 2: Comparison of key battery technologies performance figures available in India

The most important factors to look is daily cost of the respective battery technology. We
can see that LTO is the most cost efficient available technology but it is also the most
expensive one. Current cheap lead acid batteries used in the EV auto industry is cheap

but very inefficient in terms of electricity utilization and cost per cycles. So there exist an
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opportunity to offer cost saving by a big factor provided the cost associated with import
of lithium based batteries can be overcome. Temperature of operation can play a
significant role in India, as it is most hot weather except for 2-3 months. A strategy to
overcome this limitation is to enclose the batteries within temperature-controlled
environment. It should be a must requirement for Lithium based battery but no

economical for lead acid battery because of their volume and poor energy density.

To enhance the life, we will restrict upper and lower 10% of battery charge capacity out
of customer usage. This will not only add life to lead acid battery but also save lot of

capital investment. A

Typical operation conditions with
existing Lead acid battery
Upper charge limit = 100% Lower

— charge limit = 2% to 5%

Battery life = 6 months

Upper margin

Upper margin OM _operation conditions with

existing Lead acid battery

Upper charge limit = 90% Lower

—) charge limit = 10%

Battery life = 7-9 months
(Expected)

Lower margin

Lower margin

Figure 13: Lead acid battery life enhancement using partial capacity utilization
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5. The battery as a service business plan

We now have almost all the information needed to come up with the various

aspects of the battery as a service business plan. The figures provided in various sections

are approximate figures obtained during one on one meetings to gather market data.

5.1 Operational plan

The most important aspect of the business plan is to start slow and small and learn the

operational and customer issues in the real business environment. We plan to start the

operation in a city with about 1000-5000 EV auto rickshaw in operation. Possible target

cities may be Patna, Varanasi, Kanpur, Raipur etc. In the beginning, 2-3 battery swapping

stations will be opened using Lead acid batteries.

Corbotr W Naingal
DELHI s, s
4 ouma @, NEPAL

Jfatra UTTAR PRADESH : I T——
Ao Sravasti '}

, Lugkna s .

Gwalior

=

e Alahabadsk
Orchia *

*  Chitrakut
Knajuraho
NADHYA PRADESH
M: 3
Sanchi ® WEST BENGAL |
Plaly Jclabaipur & 7
Aapakmniake bikapis -8
chmarhik S KOLKATATS
LR P
! CHHATTISGARH bicakud Dfm o
& * PO
Ward! R ORI§SA Cuttak o
gram é Bill ¥ xparadwi
X Konarak
‘Chandrapur Chitrakot te a Lhkg]”Puri
& P Sopapu
= Ganga xfiaLa L—)
( Danapur
( Gaij LN
&g
v\:/‘”’) E  JAtALUR % PGl
3 E o
& e
S 1
s | Khagaul 5] : foad AT
\r(hagaul Ly AR /%‘:T:ﬁar(Rural) ba
) ,\\\M"“” i (s - \
| &l ) T CHHTMAN || &
| e \/ N /
[ swush Ve NOHSA
DANAPYR —
\\/ "/,//> S y 1 Mies 2km
T ey 0y > ¢ L

Figure 14: Setting up first OM battery swap stations in Patna, Bihar in India
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Initial target market share within 6 months is 10% i.e. about 100-500 customers in the
form of EV auto rickshaws. This way, we will test the market of its potential as need of
battery as service. The capital requirements will be minimal and loss of any battery can
be tolerated. In addition, it is envisioned to have 1/3" capacity of daily battery capacity
requirement. We will learn the tradeoff between convenience and cost in this phase.
Having one third battery capacity will bring the battery weight to about 45 Kg. and its
cost to about Rs. 12000. The reduction in weight will enable the auto to run more than
1/3" of its expected full charge run or enable the auto to carry an extra passenger of extra
weight in the vehicle. Each of the swap station should have enough batteries to support
at least 50 autos. All payments will either be cashless, through payment wallets or debit
cards. Long-term power buying agreements will be signed with power supply companies.
Preference will be given to green power generation companies to drive cost of electricity
down and project a clean air future to potential customers riding the EV autos. Services
of independent security provider will be taken to secure the battery swap stations on a
24 X7 basis. To employ at these premises, young unemployed educated youth proficient
in local language as well as proficient in English/Hindi will be chosen. He/She will be
trained to be efficient in various aspects like — maintaining the premises, right way to put
batteries for charging, installing charged batteries in EV auto, taking payments, various
electrical and fire safety procedures in times of emergency etc. The minimum area of the
swap station should be about 50 square meters. They will be rented for 1 year to begin
with. Once it is found that the swapping station location suits the auto drivers, it can be
converted into 3-5 years long contracts of tenancy. A typical floorplan of the swap station

premises is shown below.
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Figure 15: OM Lead acid battery swap station layout

The workday will start from 5 AM and last till 9 PM. In total of 16 hours of operating
day, it will need to have two shifts of 8 hours each. Employees as per their convenience
and timings of lean EV auto customer arrivals will set lunch, dinner and tea timings. It is
expected that three employees should be enough to provide service for each shift. A
security guard will accompany them at all times. One Security personnel will also be
employed when the station has closed operations for the day. Security personnel will hold
the keys of the premises. He will open the premises when support staff arrive at 5 AM,
close it at 9 PM, keep the keys, and keep handing over it to the next security personnel
on duty. A typical day’s operating hours are shown below. It is estimated that due to
availability of wind and solar generated power, noon electricity cost will be somewhat

cheaper than peak. However, overnight electricity cost will be much cheaper due little
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residential demand. It may further vary based on local climate conditions and part of

region in India.

A typical operating day
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Figure 16: Typical chances of opening hours, swap load, electricity cost

A weekly schedule employees working at swapping stations is shown as below:

I

Empl 0 0 0 0 0 0 0 7
Emp2 1 0 1 0 1 0 1 0 1 0 1 0 1 0 7
Emp3 1 0 1 0 1 0 1 0 1 0 1 0 1 0 7
Emp4 0 1 0 1 0 1 0 1 0 1 0 1 O 1 7
Emp5 0 1 0 1 0 1 0 1 0 1 0 1 O 1 7
Emp6 0 1 0 1 0 1 0 1 0 1 0 1 O 1 7
Sec 1 0 1 0 1 0 1 0 1 O 1 0 1 0 7
Sec2 0 1 0 1 0 1 0 1 O 1 O 1 O 1 7

Table 3: Typical Weekly schedule of employees at battery swap station
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Each day is divided into 2 shifts. Each employee will work for 6 days or as mandated by
labor laws. For simplicity, the schedule has been developed with applicability of over-

time labor. Security will be provide even in non-operating hours.

5.1.1 Operational plan with Lithium ion batteries

The operational plan with lithium ion batteries remains similar except for a few things:

(@) 2-3 times more autos can be supported from 1 station
(b) Each battery will get lighter and compact
(c) Cost of electricity will get 2-3 times than lead acid operations

(d) Manpower can be reduced to 1 for operation and 1 for security

Hence, it may be required to invest in some cheap energy storage technology that stores
electricity at hours of cheap availability. This can be operationalized when the lithium
based efficient batteries start being manufactured in India for electric vehicles segment.
Furthermore, since lithium based batteries are a lot more compact and lighter than lead
acid based, it may be desirable to design a kiosk of special EV batteries. Gogoro

swappable batteries at kiosk are a good example in that regard.

5.1.2 Operations based on existence of MRT system in city
Most of the Indian cities are connected by Indian railways train network. Most of the
large cities with population bigger than 10 million usually have their own intra-city metro
or local train system. These cities include Delhi, Mumbai, Kolkata, Chennai etc. However,
most other cities only have local bus public bus network for transportation. Because of

this difference, the operational plan need to be different if it has a metro system.
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City with MRT operational plan: In this city type, most people will commute long
distance using metro rail system or long distance buses due to their cost efficiency.
Almost nobody will travel on an auto rickshaw from one part of the city to another. Hence,
in this type, the MRT train station will be a very important nodal point to set up battery
swap station, as people will need auto for last mile connectivity to their home or offices.
A few battery swap stations will be opened between two MRT stations to enable service
in interior parts of the city. Ideally, each MRT battery swap station will be supported by
4-6 more swap station in the interiors parts to complete the presence. It is to be noted here

that operational cost in this type of city will be higher due to prime location.

City with no MRT operational plan: In this type of city, we will need to identify major
transit points within the city. It can be major traffic junctions, railway station, business
districts or some tourist hotspot. In this type of city, the battery swapping stations can be
more evenly distributed around the city. It would be possible to find a spot which good
visibility for auto drivers as well as not expensive in real estate rent. EV auto will need

full city coverage for battery swap operation.

5.1.3 Operation efficiency parameters

There will be a number of operational parameters that will be closely tracked for

company’s efficiency of operations. Some of them are listed below:

I.  Time to exchange battery (Take discharged battery from auto -> scan in to swap
station -> pay for charged battery -> verify battery charge status -> Put charged

battery in auto)

Il.  Subscribers per swap station
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[1l.  Average revenue per subscriber

IV.  Revenue per swap station

V.  Battery swaps per subscriber

VI.  Battery swaps per swap station

VII.  Electricity units per subscriber

VIIl.  Revenue per Electricity units for a swap station

IX.  Average battery capacity per swap station

X.  Ratio of subscribers to battery per swap station

XI.  No. of New subscriber, total subscribers, active subscribers, subscribers leaving

per city
XIl.  No. of battery failures per station
XIIl.  Reasons of battery loss of performance

XIV.  Average remaining life of battery in a station

XV.  Average remaining state of charge of returned batteries

XVI.  No. of calls from stalled vehicles with no remaining battery charge while in

operation
XVII.  Average cost of battery pack + monitoring electronics
XVIII.  Average cost of electricity per units

39

d0i:10.6342/NTU201804375



5.1.4 Battery swap kiosk goal with Lithium based batteries

Figure 17: Battery Swap station design with security for Li-ion batteries

5.2 Investment plan

The initial investment outlay has to be done on a personal capacity. However, it will be
only 20% of capacity needed to start operations. The major fixed assets that need to
procured are battery 33Ah-12V lead acid battery, 0.3C Lead acid battery charger of very
high efficiency, Point of Sale (POS) devices, air conditioner for humidity and temperature
control in summers, trolleys to transport batteries, high quality battery SOC (state of
charge) meters, safety electrical power switches, fire extinguishers, computers for

premise security and IT requirements, security camera etc.
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For 2-3 premises, the quantum of investment is detailed in financial planning section.

All equipment will be bought on volume contract basis with at least 1-3 months of no
interest payment period. Recently, the central and state governments are ready to provide
seed capital for innovative startups. We hope to get support from government. However,
it is understood that any investment from governments will seriously affect the private
operation of the company in future in terms of shifting head office, raising funds from

private equity firms or venture capital houses.

A key decision in investment is stage wise investment in 6 months to 3 years. A rough

plan is scheduled as below:

(a) Start: Invest in 2 stations at 20% of full capacity with Lead acid batteries
of 33 Ah capacity

(b) 3-6 months -: Raise station capacity to 100%

(c) 1-2 years: Start operations in 10 more cities. Start looking for franchise
partners. Start transition from lead acid to India made lithium ion batteries
after at least 1 year of operation in the city with franchise partners.

(d) 2-5 years: Expand to all India operations

5.3 Sales and marketing plan

A key pain point of existing EV based auto drivers is loss of battery charge
capacity every 6 months. We will target those drivers who are about to buy a new battery
for their auto. They will need to pay a caution deposit to get the membership of battery
subscription. The company will have a logo sticker with hologram and RFID. This will

bear company brand image and service offering. It will be put on front of auto rickshaws
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for general brand awareness as well as identification of subscribers. The logo will also
put on all battery and other properties so as to identify them and track them with proper
the IT systems. All the subscribers will be given incentives of limited free battery swap
service or cash reward for every new membership. There will be a special reward for

bringing 10 or 20 memberships.

For marketing the service to all auto rickshaw owners, service pamphlet distribution will
be done at all major auto-rickshaw waiting junctions like railway stations, major bus
stations, major city squares etc. We will also approach auto fleet operators if they are
willing to start new fleet with EV autos. To improve the acceptance for new members, a
discount of 10-20% will be offered for their first month of membership. This way, they
will be spread the new battery subscription service to fellow auto drivers and help bring
new members. Gift vouchers will be distributed to all subscribers on a half-yearly basis

to maintain good business relationship and spread good image of the new company.

5.4 Technology development

Technology is a very critical component of entire battery as a service business operation.
It is envisioned to develop a comprehensive set of capabilities in several phases as
described below. Key assumption is that we will readily available products in the market
as much as possible whether it is batteries, microcontrollers, or IT software. A dedicated
workshop and warehouse will be established for all software and hardware development

including mechanical design of various parts.

Stage 1 (Start of operations) - In the beginning, the batteries will be rented with only

logo sticker with hologram and RFID. This will be cost effective to implement. A robust,
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hack-proof, and duplication-proof logo is essential to make sure the battery subscribers
return what they had borrowed instead of some bogus battery that does not belong to the
company. The customers will be able to return and borrow the battery to any branch
within company’s battery swapping network from the very start of the subscription

operations.

Stage 2 (3-6 months from stage 1) — This will implement lead acid battery inside well
designed casing and electrical circuitry to display battery health and remaining charge in
one state. A socket to hold the cased-battery will also be designed and produced. The
socket will be kept in the EV auto to securely hold the battery within the vehicle. The
design of case and socket will be copyrighted. At this stage, any new start of operations

in a new city will actually use stage 2 technology.

Stage 3 (1-2 years from stage 1) — This stage will implement Lithium ion battery with
standardised case and full suite of electronics for battery health and charge monitoring,
communication with mobile app to display availability of charged batteries, swap
locations in home city. This stage will also start franchising operations. Recycling of older
batteries will be undertaken in the form of repurposing the batteries for home energy
storage or selling it back to the original manufacturer or even selling it to a 3" party if

that fetches higher monetary value.

Stage 4 (3-5 years from stage 1) — This will implement blockchain on entire battery
electronics hardware and monitoring infrastructure, provision of payments in
cryptocurrencies. Automatic payment deductions of service charge from prepaid banking

accounts will be enabled.
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5.5 Organizational structure

The company will be led by a chief executive officer (CEO) with three key

executives supporting him in executing various company tasks like business operations,

technology aspects, accounting and finance. The CEO will be responsible for

coordinating all activities within the organization and will take the final call on an issue

if there is no consensus. He should also be responsible for driving high level vision and

strategy of the company and act as key negotiator with various parties like the government

(to get tax exemptions and get operational clearances and certifications), power

companies, key battery suppliers, building strong network with key personalities in Indian

private industry. A broad organizational structure with key tasks is envisioned as below:

CEO

Head of Business operation

Head of Technology

City station leaders

Hiring of staff

Customer support

New site selection & site maintenance

IT system development & tracking , IT security
Blockchain implementation

Warehouse battery security

Battery health track

Universal battery case & embedded electronics
Venture capital fund raise

Accounting

Financial efficiency metrics

Payments and receipts

Table 4: Organizational structure of OM Company
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5.6 Economic and Financial plan and analysis

Let us begin the economic and financial analysis first. We have following specifications

of the battery for lead acid when we start the operations and lithium ion battery in the

subsequent phase. It is also envisioned that to enable full day operation of EV based auto

rickshaw, it needs almost 100 AH at 48 volts. For subscription, we think 3 battery swaps

will be fine with most auto drivers as evident from the survey.

Battery specifications Lead acid Li-ion
Capacity 40 AH 40 AH
Voltage 48V 48V
charge-discharge cycles >600 >4000
Charging rate 0.3C 2C
Discharge rate 0.5C 0.5C
Drop resistance 30 cm 30 cm
Automotive standard Yes Yes
Ability to discharge fixed energy | YES YES
vibration resistance Yes Yes
Lower temperature of op. -10C -10C
Upper temperature of op. 60 C 60 C
weight <45 Kg. < 15 Kg.
Charging time < 3 hours < 1 hour
low battery /range indicator Yes Yes
Access to BMS No Yes

Table 5: Typical technical specifications of batteries to be used in OM
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Item Value

Cost of EV 3-wheeler Rs. 1,50,000
Cost of battery Rs. 24,000
Full Capacity of battery 100 AH
Weight of Lead acid battery 120 Kg.
Daily cost of operation Rs. 400-500
Daily Revenue potential Rs. 1200
Lead acid battery life 6-8 months

Loan disbursing agency

MUDRA (Govt. of India)

Battery buy on credit

Yes

Rate of interest on personal loans

2%-3% per month

Battery charging method

At own homes, Charging stations

Access to smart/feature phones

Yes

No. of family member dependents | More than 3
Hours of auto driving per day 8-12 hours
Self-owned EV vehicle Yes

Table 6: Important survey data collected from current EV auto drivers in Delhi, Patna

5.6.1 Profitability Analysis

We can see from above tables that cost of subscription should be very close to existing

daily cost of operation of Rs. 400 per day. To safeguard the battery, it is provisioned to

keep the cost of battery that the auto owner pays as safety deposit with OM Company.

This will provide capital for buying battery and should lock in the auto driver to gain from

the subscription. Upon termination of subscription, the deposit money will be returned

without incurred interest. This is straightforward with lead acid battery. However, 2" and

3 stage of operation involves Lithium ion or other high energy density based battery

technology. The cost of such batteries is very high at present. A comparison of their

features and cost are compared with Lead acid batteries to give some perspective. The

author has taken following assumptions:
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(a) For operations with Lead acid batteries, no. of reserve batteries in swap
station is same as no. of EV auto served

(b) Deposit of INR 24000 is collected from each subscriber

(c) Same commercial rate of electricity applies in all situation

(d) Cost of depreciation of assets is linear i.e. batteries depreciate evenly over
their life, other assets in 2 years

(e) Rate of interest on any outstanding loans be 15% , but no tax

(f) There is no loss property like loss of batteries or chargers

(9) IT expenses, subsidies from government, cost of equity shared with
employees, cost of lawyer consultations etc. are ignored

(h) Each battery swap generates a revenue of INR 150 for OM.

(i) EV auto drivers are comfortable with 3 times battery swaps per day

47

d0i:10.6342/NTU201804375



Lead LFP LTO
Battery parameters acid battery battery

current | Lead acid based based

status Exide (2019) | (2020) (2020)
Motor KWH 1,000 1,000 1,000 1,000
Range/ full charge 100 100 100 100
Battery Voltage V 48 48 48 48
Battery Capacity AH 100 33 33 33
Battery Cycles 300 900 2,000 5,000
Battery/charger Life Years 1.0 1.0 2.2 5.6
Charging Time Hrs 10 5 2 2
Charging efficiency 60% 75% 90% 90%
Import duty+Shipping+GST 0% 10% 58% 58%
Cost of Battery INR 48,000 33,000 49,700 1,06,500
Avg. working days/year 300 300 300 300
Commercial Tariff INR/Unit 10 10 10 10
Power consumption per battery (Units) 4.80 1.60 1.60 1.60
Minimum cost per usage 208 158 123 112
No. of swaps per day 1 3 3 3
With swap station
No. of Autos supported by swap station 1 100 100 100
Number of batteries per swap station 1 100 50 50
Cost of swap station INR 5,000 21,50,000 22,42,500 36,62,500
Battery to auto ratio 1.0 1.0 2.0 2.0
cost of batteries 48,000 66,00,000 | 1,17,78,900 | 2,52,40,500
Number of swap station 1 1 1 1
Annual Rental cost for swap station 0 1,80,000 1,80,000 1,80,000
No. of Employees per swap station 0 8 5 5
salary per employee 0 15,000 15,000 15,000
Annual Admin Expenses per swap station 0 14,40,000 9,00,000 9,00,000
Annual Electricity Cost per swap station 60,000 19,20,000 16,00,000 16,00,000
Annual depreciation cost 53,000 87,50,000 70,10,700 | 68,79,350
Annual Interest rate on loan 0% 15% 15% 15%
Interest expense 0 9,52,500 17,43,210 39,75,450
Revenue per auto per swap 0 150 150 150
Annual subscription cost for Auto owner 1,13,000 135000 135000 135000
Fixed Operating cost 0 16,20,000 10,80,000 10,80,000
Variable operating cost 1,13,000 1,16,22,500 | 1,03,53,910 | 1,24,54,800
Revenue 1,35,00,000 | 1,35,00,000 | 1,35,00,000
Profit 2,57,500 20,66,090 -34,800
Return on Assets 2.9% 14.7% -0.1%
Profit margin 1.9% 15.3% -0.3%

Table 7: Profitability analysis with various battery types
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Following key observations can be made from above table :

(a) 100 autos are battery subscribers

(b) Annual subscription cost is slightly more than own charging setup that is
prevalent now. This is intentionally done because the auto driver gets more
business due to higher availability of battery for operations

(c) The biggest cost is depreciation of the batteries. With lead acid batteries,
the reusability will be enhanced with limits on upper and lower charge
levels that enhanced its life of operation. With Lithium ion battery, the life
will be inherently longer.

(d) A key cost will be interest on the loan to buy battery. A strategy is
proposed in table xx to overcome this. This should make investment in
expensive Lithium ion battery bank smooth and without much loan burden.

(e) Lithium ion batteries can be charge in 1-2 hours, while each auto needs 3

swaps in 18 hours per day operation. So it is possible to achieve 9-18

charge-discharge cycles of each battery. So theoretically, it is possible to

support 3-6 times more autos than in the swap station. This has very

important implications.

(i) Less investment capital is needed to buy batteries.

(i) More Batteries swaps bring in more revenue

(iii) Operations gets more sustainable once shipping and import duties on

foreign import batteries are brought down to about 18% level.

Currently, it is not only very very expensive but is also effectively

taxed at about 60% making it unattractive to implement.
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5.6.2 Business expansion with cash from operations
No. of No. of Net cash Cash
batteries | EV Monthly | Monthly flow at New Money remaining
in autos Monthly | cost of employee+ | beginning battery | spenton | end of
Month system | subscr. | Revenue | electricity | rental cost | of month bought | batteries | month
1 36 27 2,83,500 36,000 87,000 1,60,500 2 1,15,000 45,500
2 38 28 2,94,000 37,333 87,000 2,15,167 3 1,72,500 42,667
3 41 30 3,15,000 40,000 87,000 2,30,667 4 2,30,000 667
4 45 33 3,46,500 44,000 87,000 2,16,167 3 1,72,500 43,667
5 48 36 3,78,000 48,000 87,000 2,86,667 4 2,30,000 56,667
6 52 39 4,09,500 52,000 87,000 3,27,167 5 2,87,500 39,667
7 57 42 4,41,000 56,000 87,000 3,37,667 5 2,87,500 50,167
8 62 46 4,83,000 61,333 87,000 3,84,833 6 3,45,000 39,833
9 68 51 5,35,500 68,000 87,000 4,20,333 7 4,02,500 17,833
10 75 56 5,88,000 74,667 87,000 4,44,167 7 4,02,500 41,667
11 82 61 6,40,500 81,333 87,000 5,13,833 8 4,60,000 53,833
12 90 67 7,03,500 89,333 87,000 5,81,000 10 5,75,000 6,000
13 100 75 7,87,500 | 1,00,000 87,000 6,06,500 10 5,75,000 31,500
14 110 82 8,61,000 | 1,09,333 87,000 6,96,167 12 6,90,000 6,167
15 122 91 9,55,500 | 1,21,333 87,000 7,53,333 13 7,47,500 5,833
16 135 101 10,60,500 | 1,34,667 87,000 8,44,667 0 0 8,44,667
17 135 101 | 10,60,500 | 1,34,667 87,000 16,83,500 0 0 16,83,500
18 135 101 | 10,60,500 | 1,34,667 87,000 25,22,333 0 0 25,22,333
19 135 101 | 10,60,500 | 1,34,667 87,000 33,61,167 0 0 33,61,167
20 135 101 10,60,500 | 1,34,667 87,000 42,00,000 0 0 42,00,000
21 135 101 10,60,500 | 1,34,667 87,000 50,38,833 0 0 50,38,833
22 135 101 10,60,500 | 1,34,667 87,000 58,77,667 0 0 58,77,667
23 135 101 | 10,60,500 | 1,34,667 87,000 67,16,500 0 0 67,16,500
24 135 101 | 10,60,500 | 1,34,667 87,000 75,55,333 0 0 75,55,333
25 135 101 | 10,60,500 | 1,34,667 87,000 83,94,167 0 0 83,94,167
26 135 101 10,60,500 | 1,34,667 87,000 92,33,000 0 0 92,33,000
27 135 101 10,60,500 | 1,34,667 87,000 1,00,71,833 0 0 1,00,71,833
28 135 101 10,60,500 | 1,34,667 87,000 1,09,10,667 0 0 1,09,10,667
29 135 101 | 10,60,500 | 1,34,667 87,000 1,17,49,500 0 0 1,17,49,500
30 135 101 | 10,60,500 | 1,34,667 87,000 1,25,88,333 0 0 1,25,88,333
31 135 101 10,60,500 | 1,34,667 87,000 1,34,27,167 0 0 1,34,27,167
32 135 101 10,60,500 | 1,34,667 87,000 1,42,66,000 0 0 1,42,66,000
33 135 101 10,60,500 | 1,34,667 87,000 1,51,04,833 0 0 1,51,04,833
34 135 101 10,60,500 | 1,34,667 87,000 1,59,43,667 0 0 1,59,43,667
35 135 101 | 10,60,500 | 1,34,667 87,000 1,67,82,500 0 0 1,67,82,500
36 135 101 | 10,60,500 | 1,34,667 87,000 1,76,21,333 0 0 1,76,21,333
Growth
from
month 1 275% 274% 274% 274% 0% 10879%
to month
36
Table 8: Progress to profitability over 36 months with cash from operation
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Battery cost (INR) by 2020 50000
No. of swaps per day 3
Efficiency 0.9
Electricity Tariff rate 10
Total Battery capacity

(KWh) 1.6
Scaling ratio 3
Revenue per swap (INR) 140
Employee salary (INR) 15000
Starting No. of employee 5
no. of auto work days 25
Charger Cost as % of battery 15%
No. of cycles supported 2000

Table 9: Basic assumptions to derive cash flow with Li-ion battery

We can see from above table that it is possible to grow the business quite
considerably with starting small no. of lithium based high quality battery and progressive
adding more battery capacity and customers with the cash flow from the business itself.
It just needs an initial investment and does not need any loan for additional capacity
expansion. Starting with 36 batteries in the system, it is possible to get 275% growth in
no. of customers and hence revenue in just 36 months. Net cash flow after payment of
salaries actually grow by more than 10000% in this period!! This table also shows that
growth is exponential with time and is only limited by number of EV auto customers out

there in the market. It has been restricted to 101 to keep it manageable.

This strategy can be used in combination of some bank borrowing if market accept the
service quality and no other competitor comes up with better solution in this segment.
This strategy also depends upon an important feature of lithium based battery is that it
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can be charged within 1-2 hours and has very large number of charge-discharge cycles in
real life(about 9000). This will allow it to use 9 times in a single day. This will also

accelerate the depreciation cost of the battery and revenue recognition.

Breakeven no. of Subscribers calculation (Daily)
Depreciation cost X75.00
Electricity cost X53.33
Interest Cost X25.00
Misc X25.00
Employment+Rental X 3,480.00
Revenue X420.00
Breakeven No. of EV subscribers 15

Table 8: No. of auto EV subscribers needed to break-even with Li-ion battery

Aggregate profitability over 36 months
Revenue X 3,02,92,500
cost of electricity X 38,46,667
cost of employment+rental 3 31,32,000
cost of depreciation X 54,09,375
Net profit X 1,79,04,458
profitability 59.1%

Table 9: Aggregate profitability computation over 36 months of Lithium based battery
swap operations

We can see that it takes 15 EV subscribers to break-even most major cost components.

Over 3-year period, it is forecast to achieve 59% of profitability under stable operating
conditions. The cost of depreciation is actual cash at hand which can be used to replenish

any loss of battery capacity. One important to be noted here is that at such high churn rate
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of batteries, it may need replacement in 2000/9=222 days itself which is less than 1 year.

So it will be practical to implement it when battery life cycles approaches 6000 or more.

5.6.3 5-Year financial projection

The projected cash flow from operations have been used to calculate the valuation of
venture. For simplicity, no new addition in the no. of operating battery swap stations have

been assumed to avoid overvaluation and effects from emergence of competitors.

We take following assumption for Lead acid batteries:

Battery cost (INR) 2019 18000
No. of swaps per day 3
Efficiency 0.9
Electricity Tarrif rate 10
Total Battery capacity (KWh) 1.6
Scaling ratio 1
Revenue per swap (INR) 140
Employee salary (INR) 15000
Starting No. of employee 9

no. of auto work days 25
Charger Cost as % of battery 15%
No. of cycles supported 300
Depreciation per cycle 60

Table 10 : Assumptions for Lead acid batteries for start of operations
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2019 2020 2021 2022 2023
R g g g
evenue $78,54,000 | 54,18,000 | 1,21,48,500 | 1,27,26,000 | 1,27,26,000

COGS
(Electricity+cycles) X43,63,333 X 16,55,500 X37,12,042 | X 38,88,500 | X38,88,500
Gross Profit X 34,90,667 X37,62,500 X 84,36,458 | X 88,37,500 | X88,37,500

Operating Exp.
Salary+Rent X 17,64,000 X 10,44,000 X11,48,400 | X12,63,240 | X13,89,564
Accounting X 2,00,000 % 2,00,000 X 2,20,000 X2,42,000 % 2,66,200

Cloud storage and
computing X5,10,000 X5,00,000 X5,00,000 X5,00,000 X5,00,000

Fixed assets
Depreciation X4,20,000 % 4,20,000 % 4,20,000 % 4,20,000 % 4,20,000

Total Operating
Expenses X 28,94,000 | X21,64,000 | %22,88,400 | X 24,25,240 | X 24,25,240
Operating Income X 5,96,667 X 15,98,500 X61,48,058 | X64,12,260 | X 64,12,260

Interest on

battery+assets
loans(15%b) %4,62,000 % 5,70,000 % 5,70,000 % 5,70,000 % 5,70,000

Total interest
expense X4,62,000 X 5,70,000 X 5,70,000 X 5,70,000 X 5,70,000

X0

Net Income -X3,27,333 X 10,28,500 X 55,78,058 | £58,42,260 | X58,42,260

Net Income/Total
Revenue -4% 19.0% 45.9% 45.9% 45.9%

Table 11: Forecast of financial performance for 5 years

5.6.4 Calculating valuation of operations under different growth scenarios

We use 3 scenario for valuation calculation — medium , slow and fast growth. For
simplicity, we only change the no. of battery swap stations in these different growth
scenarios. All other operational parameters remain same. We also assume to have 1

million outstanding shares for the company.
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No. of New swap stations

Medium Fast

growth Slow growth | growth
Year 1 5 3 6
Year 2 10 5 15
Year 3 15 10 20
Year 4 15 10 25
Year 5 20 15 25

Table 12: Swap station growth under different growth scenarios

Net income (Million INR) 2019 2020 2021 2022 2023 2023
Medium growth -1.64 1.87 53.60 204.66 258.94 258.94
Slow growth -0.98 1.45 32.16 126.91 160.94 160.94
Fast growth -1.96 1.26 69.47 281.71 378.98 378.98
Medium growth (PV) -1.42 1.41 35.24 117.02 128.74 111.95
Slow growth (PV) -0.85 1.10 21.15 72.56 80.02 69.58
Fast growth (PV) -1.71 0.95 45.67 161.07 188.42 163.85
Medium growth X393
Valuation @ 1million Shares Slow growth X244
Fast growth X558

Table 13: Calculating stock price based on net income

For 1 million outstanding shares, the share value comes at Rs. 393 per share in

medium growth scenario. The future cash flows beyond 2023 have been ignored, which

is unrealistic but provides us a glimpse of valuations possible. To entice long-term

association with the company, all employee should be given restricted shares. The

guantum of shares will depend on designation and employment history of the employee.

These shares should only be encashed in case of IPO or M&A event.
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Net Income (In Indian Rupee)
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Figure 18: Net income under different growth scenarios
Profit Margin (%)
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Figure 19: Profit margin under different growth scenarios
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New capital (debt or equity) based on medium growth strategy is presented below.

New capital infusion for swap station setup (Million Indian Rupee)

Year 2019 2020 2021 2022 2023
No. of new stations 5 10 15 15 20
1 swap station X2.00 X2.00 X0.00 X0.00 X0.00
Medium growth

strategy X16.48 X 53.76 X104.00 X62.40 X83.20

Table 14: New capital infusion plan

Though this is the amount of money needed to setup the battery swap station operations,

actual amount will be significantly less as cash flows from previous year operations (from

depreciation costs of battery and charging infrastructure) will cushion the requirement.

Some of the schemes by government of India like MUDRA Yojna and financing from

banks should be possible upon furnishing of cash flows in the operations.

5.6.5 Key Milestones

Based on assumptions and opportunity available in the battery swapping as subscription

service, | propose to have following milestone targets over 3 years:

Stage 1

eLead acid

eDigital payment

eAny centre

battery borrow
and return

*RFID tracking

Stage 2

*Cloud
computing &
storage

eLithium battery,
socket design
copyright

Figure 20: Major milestone targets

Stage 4

eBlockchain
eFranchising
eAutomated

battery
swapping
machine (like
ATM)
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Milestone Stage 1 Stage 2 Stage 3 Stage 4

Timeline 3-6 months 6-15 months 12-24 months 18-36 months

Operation cities 1 2 5 15

Subscribers(Local | 100 (> 5%) 500 (5%-10%) | 3000 (> 10%) 20000 (10%)
market share)

Battery Lead acid Lead acid Li-ion Li-ion
Battery tracking | RFID RFID RFID + GPS + | RFID + GPS +
LoRa LoRa
Funding type Self + family | Bank loan Angel investor | Venture
+ friends capital
Investment (USD) | 40,000 200,000 620,000 1,170,000

Table 15: Milestone details

5.7 Business exit strategy

Battery as a service is currently not offered by any company in India. Companies selling
electric vehicles have their own authorized charging stations. In most cases, these EV
manufacturers provide charging systems for the EV owners at their private premises.
There has been growth in number of charging stations in major large cities. If this new
service business operation really takes off and becomes a valuable enterprise, there will
be plenty of interest to collaborate or acquire our operations. Below are some of the

possible exit strategies:

a) IPO in stock market: This will be the long term goal of the company. Presence
in the stock market unlocks the financial potential of the company. It also opens

a huge market to raise capital for expansion or buy long term strategic assets. With
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b)

stocks among employees, everyone gets incentive to work for the success of the
company and provides long term association and commitment. A key drawback
in this strategy is that the company finances are always under some analyst’s radar
and many times the expectation is for short term gains. The two most important
stock markets are Bombay stock exchange (BSE) and National stock exchange

(NSE). Both are located in Mumbai, the financial capital of India.

Merger or Acquisition by key battery supplier, EV automaker or electricity
producer: Merger with a larger firm with strong presence in the market is the
most likely scenario to unfold. Most people want to associate with an established
name or brand image for career stability. It also provider quick financial returns
to upper management. This method will be most suitable to establish and expand
operations with full ecosystem of vehicle, battery and service at fast pace. This
kind of vertical integration will restrict the true value of business to just one parent
company. A lot of auto manufacturers moving into electric vehicle space would
be willing to spend good money to secure their supply chain and establish their
operations in short time. The author thinks that this exit strategy should be adopted
only when there is dire need of investment funds or lack of support from existing

players in EV industry.

Acquisition by a private equity firm to expand the business to more countries
with significant cash infusion: A lot of cash rich global private equity firms are
operating and most of them have seamless cross-border business operations in all

kind of industries. Electric vehicles being part of future of transport, it makes very
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d)

attractive investment. The technology and business can be deployed in many

countries and fully unlock the financial and ecological potential of the business.

Nationalisation by central government once it becomes core to public
transport: This is expected to be the most unlikely outcome. India has been
moving towards free market economy. The government steps in only in case of
catastrophic failure of management and huge number of employee and customer
interest are involved. Certain political parties are more bend towards socialism,
but the mainstream political parties usually let the business run on their own in

exchange of monetary contributions to their respective political campaign funds.
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6. Conclusion

From the overall business plan in the context of India, it looks very attractive from
a social enterprise viewpoint as well as an innovative business model. The financial
viability and stage wise execution will be a key factor of its success. We started with
understanding key requirements for electric vehicle for autos , existing infrastructure need
and key challenges in implementation. The author proposes new technologies like
cashless payments, cloud based technologies and franchise model of operation for
expansion. It also proposes different strategies for a city with MRT network and non-
MRT city. The key proposals in operational plan, non-usage of battery full capacity for
life elongation, use of very high life cycle lithium based battery, using batteries for up to
3 auto EV vehicles in same day operation, and use of green energy from solar and wind
wherever applicable. The detailed financial and profitability analysis demonstrates the
feasibility and ability to raise capital on its own merit. The company valuation is also
provided with suitable exit plans for the business. Keeping an open eye on events and
innovations pertaining to all related industries will be highly desired and when there is
need to adjust, the business should adapt to survive and succeed in the long run. The
business plan involves many partners in various industries and with the government
agencies. Hence, managing expectations of various external parties will be a key requisite.
Simultaneously, many livelihoods will be dependent on this service. So there would be
little, margin of error or failure. Overall, a lot of changes are happening all over the world
and new business are coming up at much faster rate. It will be an exciting journey with
lots of difficulties and huge opportunity to learn the nitty gritty of running own business.

Let the adventure begin!!
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