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Abstract
Electric Vehicles (EVs) is an emerging field in transport sector. For Nepal, this is the golden
opportunity to decrease petroleum oil consumption and creating another electricity demand
area for future surplus electricity. There are various challenges which hinder the growth of
EV adoption. Unavailability of sufficient public charging station is one of the major barriers.
This gap brings a new business sector. This paper presents a business model for public
charging station using EV charging financial analysis tool. The three potential partners that
can collaborate in this project are owner-operator partner, private sector partners and public
sector partner. Financial analysis is performed for three different scenarios. Discounted Cash
Flow (DCF) method is used to calculate the financial parameters such as NPV, IRR and DPP
for all partners in three different scenarios. In the first scenario, charging station along exist,
without any government subsidy and indirect revenue sources. Only owner operator exists
in first scenario. NPV stand at -$63,590, IRR and DPP are unavailable. Only government
subsidy exists in second scenario. In this case, for owner operator and public sector partner,
all three financial parameter shows infeasibility of project. For private sector partner, NPV is
-$34,756, IRR and DPP are not available. Last scenario includes indirect revenue sources
along with government subsidy. For owner operator, NPV stand at +$53,614, IRR is 17.7%
and DPP is 6 year. Similarly, for private sector partner, NPV is positive, IRR is 10% and 7
year of DPP. For public sector, the project is in breakeven zone.
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Abbreviations and acronyms
AC : Alternating Current
CAPEX : Capital Expenditure
CCS : Combined Charging System
CHAdeMO : CHArge de Move
DC : Direct Current
DCF : Discounted Cash Flow
DCFC : DC Fast Charging
DPP : Discounted Payback Period
EVs : Electric Vehicles

∗Corresponding author:
sapkotaasantosh66@gmail.com (D.P. Sapkota)

IEC : International Electrotechnical Commis-
sion

IRR : Internal Rate of Return
LDVs : Light Duty Vehicles
NPV : Net Present Value
N/A : Not Available
OPEX : Operating Expenditure

1. Introduction
The development of electric vehicles (EVs) has become
a good opportunity for Nepal to decrease oil consump-
tion and enhance air quality in major urban city. In
current scenario, almost all consumed petroleum oil is
imported from India which is increasing trade deficit of
Nepal [1]. Petroleum product along cover 23% of total
import by Nepal in FY 2018/1019 [2]. By 2030, the
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clean energy generation will be 15,000 MW [3].This
shows Nepal will have surplus electrical energy in com-
ing years. This surplus energy supply can be balanced by
creating demand from growing number of EVs through
EV charging station.
Ministry of Finance have plan of encouraging electric
vehicles to control the adverse effects of environment
pollution on human health and promote clean and envi-
ronment friendly development. A strategic plan will be
formulated and implemented by 2031 AD (2088 BS) to
replace the light vehicles powered by fossil fuels by elec-
tric vehicles [4]. On the other hand, Nepal Electricity
Authority (NEA) is planning to establish charging sta-
tion infrastructure in different part of country to increase
demand of electricity [5].
To achieve these goals, the availability of charging sta-
tions in public areas is a critical need for the acceptance
and widespread use of EV [6]. Infrastructure barriers
(24.60%) is the major barrier among other which hin-
dering the uptake of EVs in Nepal [7]. The other major
problem for EV charging is its charging time. It depends
upon the vehicle battery capacity and charging power.
Based on the power output of charging equipment, four
modes of charging were defined in international stan-
dard IEC 61851-1 [8]. For public charging station, mode
4 charging system, whose charging power level is more
than 50kW is best option to reduce charging time of
EVs. DC fast charging (DCFC) can recharge an EV in
approximately 30 minutes [9]. As there is issue in range
of EVs, there is need fast charging station in between
long-distance travel. This incorporate the necessity of
charging station in desired location. This has created a
new business sector. There is various factor that affect
the economic/financial status of public charging station.
To attract private sector to invest in EV charging station,
total revenues must be greater than the project’s cost
[10].
Direct and Indirect Revenue (R) > Capital Costs(C) +
Operating Costs(O)+ Cost of Funds(F)
Where:

• Capital Costs are the cost of equipment and In-
stallation

• Operating Costs are the ongoing costs to maintain
• Cost of Funds are the cost of paying interest on

debt and investor returns on equity
• Direct Revenue are from sell of electricity and

other direct fee
• Indirect Revenue are funds that came through sale

of other products in charging station premises.

For the validation of the project, the projected financial
parameters were compared with the similar business
model project for its accuracy.

2. Literature review
EV charging equipment provides different power output
for EV charging. Based on the power output of charg-
ing equipment, four modes of charging were defined in
international standard IEC 61851-1 [8]. Namely, Mode
1, Mode 2, Mode 3 and Mode 4. Where the first three
are AC and the later one is DC fast charging which
can charge an EV within 30 minutes from 0% to 80%.
Off-board chargers were used to charge an EV. DC fast
charging stations require the installation of dedicated
three-phase power supply equipment that draws signifi-
cantly higher amperage than AC. This mode of charging
is best for public charging station to remove anxiety
range. The charging cable may be connected to the car
inlet using a variety of connections. IEC 62196-2 spec-
ifies AC connections, whereas IEC 62196-3 specifies
DC connectors.
EVs is a new business sector in transport field but at
present scenario, EVSE business is not feasible for pri-
vate sector to invest [6]. This is because of high initial
cost of investment, low and uncertain future demand,
and commercial charging competing with home charg-
ing. To make it feasible, Other sources of revenue, such
as advertising, commodities sales, parking fees, and
food services, must be explored by charging operators
in addition to the charging fee [11]. In addition to the
indirect revenue sources, government subsidy also helps
to sustain public charging station. Therefore, a reliable
businessmodelmust be built that allows charging station
operator to recoup their expenditures while also offering
EV consumers a charging price that is competitive with
internal combustion engines vehicles [12].

3. Research Methodology
Issues identification on need of business model formu-
lation of EV charging station, literature review, pri-
mary and secondary data collection, varying parameter
and few assumption, financial tool calculation, results
with financial analysis was made and finally conclusion
and recommendation was made. For the inputs to the
tool, indirect revenue sources was collected from field
visit.
3.1. Financial tool
The EV Charging Financial Analysis Tool is a powerful
Microsoft Excel based tool that is capable of analyzing
different business arrangements, sophisticated public-
private partnerships using various financial parameter
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of electric vehicle charging projects. The tool was de-
veloped by Cadmus Group and the Centre for Climate
and Energy Solutions and has been maintained by At-
las Public Policy since 2015. The tool analyzes the
presented EV charging infrastructure investment from
the perspective of three different potential partners, a
private sector owner-operator, a private sector partner
who contributes funding to project establishment, and
a public sector partner who contributes funding or in
other ways helps financial project deployment. Overall
project’s discounted cash flow was calculated to study
the feasibility of the project. Output dashboard shows
the financial parameters such as NPV, IRR and DPP for
three different partners.

Figure 1: Structure of the EV charging financial analysis
tool

3.2. Scenario development
There are various factor that affect the sustainability of
public charging station. Such as government subsidy,
indirect revenue sources, electricity price etc. By vary-
ing these parameters, we made three scenarios as shown
in Table 1.
3.3. Data collection
Primary data collection and secondary data collection
are the two methods utilized to acquire data. The
primary data were collected from unstructured inter-
view/questionnaires. The initial investment to establish

the public charging station was divided into CAPEX
and OPEX. To perform CAPEX, a sample charging sta-
tion of 142 kW (two 60 kW DC off board and 22 kW
AC on board in a single station), whose cost is $23,733
[13]. The cost of electrical equipment i.e. 200 KVA
transformer and its accessories such as mounting set,
steel tubular pole(11m), switchgear equipment, high
tension cable, panel board, TOD meter etc. is $16,487.9
[14]. Similarly, civil structure cost such as flooring,
painting is $588.23 [15]. The total number of EVs till
today in the country was taken from sales manager of
EV seller company. Indirect revenue sources such as
revenue from hotel/resort and grocery sales were taken
from existing public charging station in Riverside Spring
Resort in Kurintar, Chitwan. Advertisement revenue
was $5,842.5 [16].
Secondary data such as electricity tariff rate is
$0.0564/kWh for 11 kV user [17]. Financial parameter
like risk free rate is 3.24% [18]. Market risk premium
is taken as 11.54% as country risk premium [19]. The
cost of debt is considered as 5% [20]. Similarly, for pri-
vate sector inputs, the weighted average cost of capital
(WACC) is taken as 12% [21]. Marginal tax rate is taken
as 12.5% [22].
3.4. Financial analysis
A financial analysis must perform to find the feasibility
of the project. Therefore, a financial analysis was done
using discounted cash flow method to find the financial
parameters such as NPV, IRR and DPP.
Financial analysis is necessary to identify the prof-
itability and investment payback. The tool uses dis-
counted cash flow (DCF) method using free cash flow
andweighted average cost of capital (WACC) for all part-
ners associated with EV charging station system.

E0 +D0 = PV0(WACCt;FCFt) (1)

Equation 1 Equation (1) indicates that the present value
of expected free cash flows (FCF) that the company will
generate, discounted at the weighted average cost of
debt and shareholder’s equity after tax (WACC) will
be equal to the value of the debt (D) plus that of the
shareholder’s equity (E).
WACC is given by Equation 2.

WACCt =
Et−1Ket +Dt−1Kdt(1 − T )

Et−1 +Dt−1
(2)

In Equation 2, Ke is the required rate to equity, Kd is
the cost of debt, and T is the effective tax rate applied
to earnings. Et−1 + Dt−1 are market values.
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Table 1: Parameters of three scenarios

Parameters Scenario A Scenario B Scenario C
Service Life (Year) 10 10 10
Electricity selling Price ($) 0.0564 0.0564 0.0756
Discount rate for Owner Operator 14.78% 14.78% 14.78%
Discount rate of Private Sector 12% 12% 12%
Discount rate of Public Sector 0% 5% 5%
Equity Funded 100% 75% 75%
Debt Funded 0% 25% 25%
Annual Advertisement Revenue ($) per annum 0 0 5,842.5
Revenue from hotel/resort and grocery sales ($) per day 0 0 126

By using DCF method, we obtain financial indicators
such as Payback period, internal rate of returns and net
present value as in Equation 3, 4 and 5.

DDP =
ln

(

1
1− Ixr

A

)−1

ln(1 + r)
(3)

NPV = −I +
F1

(1 + r)
+ ... +

Fn
(1 + r)n

(4)

IRR is given as in Equation 5

NPV = −I +
F1

(1 + IRR)
+ ... +

Fn
(1 + IRR)n

(5)

Where,
DPP : Discounted Payback Period
NPV : Net Present Value
IRR : Internal Rate of Return
I : Initial Investment
A : Annual return
F : Future Values
r : Interest rate
Subtracting the present value of cash outflows from the
present value of cash inflows yields net present value as
shown in Equation 6.

NPV = PVinf lows − PVoutf lows (6)

The project should be accepted if NPV is positive (i.e.
NPV >0) otherwise rejects. Similarly, IRR is the dis-
count rate which makes NPV=0. The project will be ac-
cepted if the internal rate of return (IRR) is greater than

the cost of capital otherwise rejects. Discounted Pay-
back period is calculated using discounted cash flows
of the project at given required rate of return. It gives
the number of years for breakeven of project.

4. Result and discussion
4.1. Analysis of growth rate of EVs
For this research work, only light duty vehicles (LDVs)
were taken for the study. Vehicle registration till 2018
were taken from DoTM. For the sake of simplicity,
vehicle number from 2002 is taken, as there is only
car/jeep/van were registered from 1989 to 2001. By
using scatter with straight line and markers tool and
adding exponential fit as trendline, the growth rate of
LDVs is found to be 13.5% as shown in Figure 2.

Figure 2: Registration of LDVs in Nepal

Using this data, we forecast the number of LDVs till
2031. For forecasting, we used FORECAST.ETS func-
tion in Excel tool, which return the forecasted value
for a specific future date using exponential smoothing
method.
4.2. Financial analysis of different

scenario
Three different scenarios were made to perform the fi-
nancial analysis of the project.
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Table 2: Average annual growth rate of EV registration

Year Forecasted Taking 80% No. increment Respective Increase EV Number % Growth
Data Vehicle in Fossil Fuel LDV in EV for EV

2021 36212 28970 2500
2022 38092 30474 1504 4172 6672 167%
2023 39977 31982 1508 4183 10855 63%
2024 41776 33421 1439 3992 14847 37%
2025 43645 34916 1495 4147 18994 28%
2026 45514 36411 1495 4147 23142 22%
2027 47383 37906 1495 4147 27289 18%
2028 49232 39386 1479 4103 31392 15%
2029 51114 40891 1506 4176 35568 13%
2030 52989 42391 1500 4161 39729 12%
2031 54865 43892 1501 4163 43892 10%

Difference 14922 41392
Multiplying Factor 2.77 Average 38%

Figure 3: Projection of EV number

4.2.1. Scenario A: Base case scenario
For this scenario, only owner-operator exist i.e. there
will be no involvement of private funding and govern-
ment funding. The owner-operator itself is a private
sector. Thus, only owner operator DCF is calculated for
10 year of service life.
Table 3: Financial performance summary (Scenario A)

Project NPV (Payback) -$109,972
Owner-Operator NPV (Payback) -$63,590
Private Sector Partner NPV(Payback) -$46,382
Public Sector Partner NPV(Payback) -N/A

In this scenario as represented in Table 3, the whole
project NPV was negative. That means, public charging
station cannot sustain without government subsidy and
indirect revenue sources.
From the analysis, we found that NPV is negative of
$63,590, IRR and discounted payback period are not
available as the cash flow throughout the life time is
negative.

Table 4: Financial performance details (Scenario A)
Parameters Project Owner-Operator
Capital Investment $46,382
Equity - $46,382
Private Debt - $0
Public Subsidized Debt - $0
NPV -$109,972 -$63,590
IRR N/A N/A
DPP (Years) N/A N/A

4.2.2. Scenario B: With government subsidy but
no indirect revenue sources

In this scenario, there will be involvement of all three
partners. The portion of financial mix will be change
to 75% equity and 25% debt. The 75% will be from pri-
vate sector and 25% debt will be from government side.
DCF is used to calculate the financial parameter. This
scenario will not have any source of indirect revenue.
In this scenario too, the energy cost taken same as that
of scenario A i.e. $0.0564.
Table 5: Financial performance summary (Scenario B)

Project NPV (Payback) -$99,824
Owner Operator NPV (Payback) -$59,340
Private Sector Partner NPV(Payback) -$34,786
Public Sector Partner NPV(Payback) -$222

In the scenario B too, the project was infeasible for the
investment. That means only public subsidy doesn’t
make project profitable.
For owner operator, NPV stand at -$63,590 and for
private sector, NPV was -$34,786. For public sector,
the project shows breakeven position which is good for
government entity.
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Table 6: Financial performance detail (Scenario B)

Financial Parameters Project Owner-Operator Private Sector Public Sector
Capital Investment $46,382 -$34,786 -$11,595
Equity - $34,786 - -
Private Debt - $0 - -
Public Subsidized Debt - $11,595 - -
Net Present Value -$99,824 -$59,340 - $34,786 -$222
IRR N/A N/A N/A 0%
DPP N/A N/A N/A N/A

4.2.3. Scenario C: With government subsidy and
indirect revenue sources

This is themost optimistic scenario for this project. Both
government subsidy and indirect revenue sources such
as advertisement revenue, grocery sales, revenue from
hotel/resort sector were included.
Table 7: Financial performance summary (Scenario B)

Project NPV (Payback) -$90,164(7)
Owner Operator NPV (Payback) -$53,614(6)
Private Sector Partner NPV(Payback) -$29,229(7)
Public Sector Partner NPV(Payback) -$228

The whole project NPV is $90,164 which shows that the
project seems feasible when there is involvement of gov-
ernment subsidy and indirect revenue sources.
For owner operator, NPV stand as positive of $53,614,
while IRR is 17.7% and discounted payback period stand
6 year. Similarly, for private sector partner, NPV was
$29,229, IRR is 10% and payback period is of 7 year.
NPV for public sector partner stand negative and IRR
stand 0% with no availability of discounted payback
period.

Figure 4: Owner Operator Discounted cash flow model

At initial time, there is high equity cost for owner op-
erator i.e.75%. With the growth of electric vehicles,
the revenue from indirect sources along with sales of

electricity will be increased. The operating costs, debt
costs and equity costs also increased with time.

Figure 5: Internal rate of return for three different pa-
rameters.

For scenario C, the IRR shows positive aspect of the
project with project’s rate of return of 13.4%. Owner
-Operator partner has highest rate of return than private
sector and public sector. This shows the project will
be feasible for them as they have WACC of 14.78%.
But from private sector side, the project doesn’t seem
so much attractive. For the public entity, the project is
good as their motive is to enhance EV sector.
4.3. Research validation
Similar type of business research done in the past were
compared to the result achieved from this study in order
to validate the results.
Research on cost estimates and revenue model for a pub-
lic charging station (PCS) in India conclude that govern-
ment subsidy is necessary in order to sustain the public
charging station [15]. Two scenario which is based on
margin on electricity tariff shows negative financial per-
formance. While the case with 100% subsidy on charger
cost shows the positive NPV with IRR of 16.04% and
14.97%. Similarly, report on assessing the business case
for hosting electric vehicle charging stations in New
York State shows that indirect revenues sources such as
retail sales, advertisement near EV stations, has positive
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Table 8: Financial performance details (Scenario C)

Financial Parameters Project Owner Operator Private Sector Public Sector
Capital Investment $46,382 -$34,786 $11,595
Equity - $34,786 - -
Private Debt - $0 - -
Public Subsidized Debt - $11,595 - -
Net Present Value $90,164 $53,614 $29,229 -$228
IRR 13.40% 17.70% 10% 0%
DPP (Years) 7 6 7 N/A

impact on the sustainability of a public charging station.
The study found that the profitability of station in be-
tween 7% to 250% based on archetype [23]. Report on
business models for financially sustainable EV charg-
ing networks created three business models with the
involvement of different possible partners such as gov-
ernment entity, local business group, owner-operator
etc [10]. One time grant of $85,000 to $240,000 and
loan at 5.4% interest rate is provided for three different
business model. It shows the sustainability of charging
station with government grant and loan at low interest
rate.
The result of the above research resembles closely to
the result of the study. Therefore, the results obtained
from the past study and the result of the study matches
with minor deviation in result.

5. Conclusion
Different polices from government has become a mo-
tivating factor for EV sector growth. But, the growth
rate is much less than the government target due to lack
of awareness about benefits of EV over petroleum vehi-
cle. To meet the target set by government, the average
annual growth rate of EVs should be 38%. We made
three different business model scenarios to see the fi-
nancial sustainability of EV charging station. The basis
of different scenario formation is by varying of govern-
ment subsidy, indirect revenue source and combination
of both parameters. In scenario A i.e. for base case
scenario, without any government subsidy and indirect
revenue sources, all financial parameter came out infea-
sible. NPV stand at -$63,590 both IRR and discounted
payback period were not available. So, this scenario
showed the project is financially infeasible. For scenario
B i.e. project with government subsidy but without any
indirect revenue sources. Under this scenario, there are
three different cases for three partners. For owner oper-
ator, all three financial parameters were infeasible. Sim-
ilarly, for private sector operator, NPV is -$34,786, IRR
and discounted payback period were unavailable. For
public sector partner, all parameters are also infeasible.
For scenario C i.e. having both government subsidy of

25% and indirect revenue sources. There are also three
cases for this scenario. First one is for owner operator,
where NPV is $53,614 IRR is 17.7% and discounted
payback is 6 year. Similarly, for private sector partner,
NPV stand at $29,229, IRR comes out 10% and payback
period is of 7 year. From public sector partner side, the
project seems neutral, which is good for government
entity for providing quality service to general public.
So, the feasible case will be inclusion of government
subsidy and indirect revenue sources.
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