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ABSTRACT

The transition to electric vehicles in the transportation sector has had a
positive impact on reducing carbon emissions. However, the availability
of electricity from renewable energy sources to charge electric vehicles
(EVs) remains very limited in both rural and urban areas. The abundant
potential of renewable energy sources, such as solar energy, presents
challenges in their application as a power source for charging electric
vehicles. This study aims to design and analyze the performance of
electric vehicle charging using a solar PV tree model. The solar PV
installation uses a 152.4 mm diameter iron pipe, with four solar PVs
installed in a circle at 90° intervals and a tilt angle of 15°. Eight solar
PV trees are installed in a row on the side of the road in the city of
Surabaya, geographically located at latitude south 7°9'-7°21' and
longitude east 112°36’-112°54’. The solar PV tree performance
measurement method uses IEC 61724-1. The measured electrical
parameters consist of voltage, current, power, and solar PV energy
efficiency. Electrical energy measurement is divided into two
measurements: electrical energy directly used to charge electric vehicles
using a kWh meter, and electrical energy stored in energy storage
batteries. Solar PV performance testing uses two types of EV loads: an
electric car with a charging capacity of 37.9 kWh and an electric bicycle
with a charging capacity of 1.75 kWh. Solar PV testing with a tree
model can increase sunlight capture with a leaf-like installation model,
and it is easy to place in a park or along the roadside. A solar PV system
with a capacity of 8 kWp can produce an average of 18.9718 kWh/day,
with an efficiency of 2.63% when the sky is clear and sunlight lasts 8
hours. This solar power plant can charge electric bicycles with 1.22 kWh
from a full capacity of 1.75 kWh, and electric cars with 14.31 kWh from
a full capacity of 37.9 kWh, with an energy loss of approximately 11.5%
during charging. Meanwhile, in terms of economic feasibility, with an
electricity price of IDR 2,950/kWh, charging electric vehicles (EVs) is
economically feasible with a Benefit Cost Ratio (BCR) of 1.23. The
solar power plant's investment capital will be returned in eleven years
and two months.
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s INTRODUCTION

CO, emissions (Zhao et al., 2021; Krause et al.,

The transportation sector is the second 2020). FElectric vehicle technology has

largest contributor to CO, pollution after the
industrial sector. Elevated CO2 levels affect
environmental health and contribute to global
warming. Fossil-fueled vehicle emissions
significantly contribute to greenhouse gases,
ozone depletion, and acid rain, and cause
respiratory health problems and skin irritation
in humans. Vehicle emissions can be reduced
by lowering CO, emissions in the transportation
sector. Replacing fossil-fuel vehicles with
electric vehicles is an effective way to reduce

advanced significantly in vehicle design and
control systems since 1900 (Himani Bhatt et
al., 2022; Asaad et al., 2018).

However, electric vehicles remain
underused in the transportation sector, with
estimates suggesting they will reach 130
million worldwide by the end of 2030. Factors
contributing to the low use of electric vehicles
in the transportation sector include high initial
investment costs, limited availability of electric
vehicle charging stations, battery damage
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levels, vehicle mileage, and government
regulations (Bunsen et al., 2018). Several
countries have enacted regulations to increase
electric vehicle use through financial incentives
and policies that accelerate the transition to
electric transportation. Electric vehicles are
powered by the electrical energy stored in the
battery. Therefore, the battery storage system
uses a lithium-ion (Li-ion) rechargeable battery,
which is the most widely used due to its high
energy density. In addition, Li-ion batteries still
have limitations such as limited energy density,
decreased battery cell performance, and limited
charging rate due to electrochemical processes
(Ahmed et al., 2017; Keyser et al., 2017).
Electric ~ vehicle charging can be
connected to the power grid to recharge the
battery. Therefore, electric vehicle charging
stations are needed. The Indonesian
government is targeting the construction of
4,300 Public Electric Vehicle Charging Stations
(SPKLU) by the State Electricity Company
(PLN) by the end of 2025. This step supports
the transition to electric vehicles and reduces
carbon emissions. The ease of use of electric
vehicles encourages people to use them for
transportation.  Electric ~ vehicle charging
facilities must be easily accessible and
available in sufficient quantities. However,
increased CO, emissions occur if electric
vehicle charging stations still use electricity
from fossil-fueled power plants. This situation
does not reduce carbon emissions; instead, it
increases carbon pollution. For example, a
fossil-fueled power plant with a diesel engine
can produce 266.76 g of CO, per 1 kWh.
Meanwhile, power generation emissions in
Sweden are low, producing 18 g CO, per kWh
of electricity, with 73% renewable energy
(Energy production data source: ENTSO-E,

2025), while power generation in China
produced 5,455 Mt of CO2 in 2025
(International Energy  Agency, 2025).

According to PLN, power plants in Indonesia
still contribute 14% of total national carbon
emissions. Therefore, implementing a solar
photovoltaic-based electric vehicle charging

system can be an appropriate alternative
solution to reduce CO, pollution.

Using clean, renewable energy sources
provides a more sustainable alternative.
However, some constraints in renewable
energy-based electric vehicle charging systems
require large areas to harvest the renewable
energy. One of the renewable energy sources
that has been applied in several countries as a
source of electrical energy for solar electric
charging stations, such as in California, United
States, The implementation of an electric
vehicle charging system with a 100 kW
photovoltaic capacity and a 635 KWH energy
storage system can simultaneously charge 16
electric vehicles (Yap et al., 2022); (Ekren et
al., 2021); (Ullah et al., 2023); (Nishanthy et
al., 2022); (Fretzen et al., 2021); (Bishla et al.,
2024).

Furthermore, further research is underway
to optimize solar-powered electric vehicle
charging systems, including improvements to
energy storage systems and the use of MPPT
systems to maximize the power generated by
solar panels. This approach can increase the
profitability of the charging system, reduce
investment costs, and enable faster battery
charging (Goswami & Sadhu, 2021). The
strategy to optimize the electric vehicle (EV)
charging system with photovoltaic (PV) solar
panels cannot be separated from the solar PV
installation model, such as conventional solar
PV installations (installed on the ground) with
adjustments to the tilt angle of the solar panels,
and settings with Maximum Power Point
Tracking (MPPT) to increase the reception of
solar radiation. Meanwhile, installing four solar
PV panels in a tree model, arranged in a 360°
circle with each panel tilted 15°, can receive
optimal solar radiation throughout the day
without being affected by the sun's hour angle.
Meanwhile, an EV charger system with battery
storage can optimize solar PV energy storage
when the system is not being used for EV
charging. An EV charger system with a storage
battery is shown in Figure 1.

A renewable energy hybrid electric
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Figure 1. Ev charger model with battery storage
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Figure 2. Electric vehicle charger hybrid model

vehicle charging system uses more than one
energy source to improve the stability of
electric vehicle charging power, such as
electricity from wind turbines and solar
photovoltaic energy. The hybrid renewable
energy system configuration generates electric
vehicle chargers using a multi-criteria process
that integrates a renewable energy electricity
demand system and a local electric vehicle
charging system (Bastida-Molina et al., 2021;
Kumar et al., 2022; Ray et al., 2021).

Meanwhile, an intelligence-based control
system has been developed to optimize the
operating system of a renewable-energy electric
vehicle charger system. The DC microgrid
electric vehicle charging system uses a battery
charging control system that determines the
battery charging mode used to maintain the
current supply level used for charging. Solar
PV and batteries are ideal power sources for
EV charging, supported by an adaptive
interactive power management controller.
Power is drawn from the grid if the solar panel
and battery power are insufficient to meet
demand. Excess power from the solar panel
system is fed back into the grid when it is
generated and the battery system is fully
charged (Viswa Teja et al., 2023; Ramasamy et
al., 2023; Singh et al., 2024; Afzal et al., 2023;
Adedeji, 2023).

Several studies have highlighted the
utilization of solar energy as a source of
electrical energy for electric vehicle charging.
However, few in-depth technological and
economic analyses remain. Technological and
economic studies of solar energy utilization
with rooftop solar for lighting applications
(Reddy et al., 2024). From a techno-economic
perspective, renewable energy electric vehicle
charging systems show effectiveness and
economic value in application (Ansori et al.,
2023).

Several models of solar PV EV charging
systems have been developed, such as rooftop

solar PV systems, which use rooftops to house
solar panels and generate electricity for EV
charging. These rooftop solar PV systems still
face challenges in solar radiation due to the
angle of the solar PV panels, which must be
adjusted to the shape and slope of the roof
(Yadav et al., 2026). Additionally, installing
solar PV panels on the roofs of electric vehicle
parking lots can simplify EV charging while
parked. However, the surface area of the solar
panels and the one-way mounting angle result
in suboptimal solar radiation (Shaheen et al.,
2026). A rooftop solar PV system integrated
with battery energy storage can supply EV
charging power under various climate
conditions and support the energy transition
(Sanda et al., 2027). In addition, charging EVs
with a solar PV roof that also serves as an EV
parking area in an integrated transportation-
distribution network can address energy supply
(Nareshkumar, 2025).

Meanwhile, integrating rooftop solar
panels and battery electric vehicles into
residential energy systems can provide EV
charging power (Nadimi et al.,2026). The
combined integration of rooftop solar PV
installations and electric vehicle charging can
reduce the risk of damage to distribution
transformers (Gaikwad & Mehta, 2025).
Integrating solar PV, battery storage, and
electric vehicle charging in a residential
complex with a stochastic MPC-based energy
management system can optimize electric
vehicle charging performance (Saleem et al.,
2024).

However, a major challenge in placing
rooftop solar PV on homes or parking lots for
residential electric vehicle (EV) charging
systems is the solar radiation reaching the panel
surface, which is affected by the roof's shape,
slope, and position and thus impacts solar PV
energy production. Previous researchers have
integrated solar PV and electric vehicles and
demonstrated the ability to meet EV charging
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Table 1. Solar PV-inverter power clipping ratio

Inverter power Input

Inverter power

Inverter power MCB-DC

Parameter Output loss (5%-15%) specifications
Voltage 48 Volt DC 220-230 Volt AC

Current 119.79 Ampere 22.75 15% 120 MCB-DC
Power 5.75 kW S kW

needs. However, how to optimize solar PV
placement and AC and DC charging has not
been fully elucidated. Therefore, this study
focuses on solar PV placement and charging
models for distributing electricity to EVs. A
solar PV tree design model is expected to
address solar radiation capture issues and
provide more stable power to EVs. Results
show an average daily electricity production of
18.8514 kWh with an average system energy
loss of 1.61 kWh. Implementing this tree-
shaped solar PV panel charging system can
reduce household electricity bills.

] METHOD
Equipment and Instruments

Specifications of the equipment used,
such as: solar PV Monocrystalline type SOL-
24250 W; specifications: power (Pmax) = 250
Wp, voltage (Vmp) = 30.3 V, current (Imp) =
825 A, VOC = 36. 3 Volt, ISC = 8.75 A,
module efficiency = 15,37%, Temperature = 45
°C - 80 °C, dimensions = 1640 x 992 x 35 mm,
maximum system voltage = 1000 Volt DC,
maximum series fuse rating = 15 Ampere,
prime inverter DC/AC 5kW (48VDC/180 - 380
Volt AC), Eight solar PV trees with a capacity
of 8 kWp. One solar PV tree has a capacity of 1
kWp, arranged as two series PV panels (500
Wp) and two parallel PV panels (500 Wp).
Solar Charge Controller (SCC) of type MPPT
(Maximum Power Point Tracking) 48/160 A is
used to regulate energy charging to the battery
and limit the amount and rate of battery
charging. The SCC automatically stops power
flow from the solar PV to the battery and
prevents battery performance degradation.

MPPT (Maximum Power Point Tracking)
tracks the solar panel's maximum power point
in real time and converts excess voltage into
additional current. This can increase energy
efficiency by up to 30%. The SCC system
channels excess peak power to the battery and
maintains a stable power supply to the inverter.
Meanwhile, to maintain the safety of a 5 kW
inverter powered by an 8 kW solar PV source
during peak conditions, a power clipping ratio
is applied. The solar PV-to-inverter clipping
ratio is based on the inverter's input and output
specifications (48 VDC/220 VAC, 5 kW) and
an inverter power-loss rate of 5%-15%. The

clipping ratio determines the installation of a
Miniature Circuit Breaker (MCB-DC) to limit
the electric current entering the inverter to
maintain the safety and stability of the
inverter's output power. The inverter uses a
120°C MCB-DC to limit the maximum power
entering the inverter and functions as an
automatic circuit breaker to prevent inverter
damage due to overload. The clipping ratio
values are presented in Table 1. The schematic
of the solar tree system is presented in Figure 3.

Figure 3. Schematic of solar photovoltaic trees for
an electric vehicle charger

Measurement Techniques

The solar PV tree system consists of a
152,4 mm diameter iron pipe for the solar PV
trees, with a solar photovoltaic installation
arranged in a circle at 90° intervals, with 4
solar PV at the top and 4 at the bottom in a
cross configuration. Each solar PV tree has a
capacity of 1 kWp, for a total of eight trees.
The solar PV tree installation is adapted to the
research location in Surabaya City, Indonesia,
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Figure 4. Techno-analysis system of the solar photovoltaic tree

which is located at 7° 9" - 7° 21’ South Latitude
and 112° 36" — 112° 54’ East Longitude. Solar
PV tilt angle: 15 °.

The standard for measuring solar PV
performance uses IEC 61724-1: Solar PV
system performance. The parameters measured
to measure solar PV performance include: 1)
Environmental parameters: solar irradiation
hitting the solar PV surface, solar PV ambient
temperature using a solar meter, and wind
speed measured with an anemometer. 2)
Measuring electrical parameters: DC and AC
power, voltage, current, and energy efficiency.
3) Measuring the actual solar PV efficiency
performance compared to theoretical efficiency
under reference conditions. 4) Operating time.
The electrical energy generated by solar PV
trees/day is measured using a kWh meter. The
electrical energy generated by solar PV trees is
input into the MPPT solar charger controller,
where the electrical energy measurement is
divided into two measurements, namely,
measuring the electrical energy directly used to
charge electric vehicles using a kWh meter, and
measuring the electrical energy generated by
solar photovoltaics stored in the battery pack.
The total electrical energy used to charge
electric vehicles is measured using a kWh
meter. The total electrical energy consumption
equals the energy used directly and the energy
stored in the battery. Meanwhile, the electrical
load includes two types of EV loads: an electric
car with a charging capacity of 37.9 kWh and
an electric bicycle with a charging capacity of
1.75 kWh. The performance measurement
system scheme of the solar PV tree is presented
in Figure 4.

m  RESULT AND DISCUSSION
Solar PV Power Production
The power generated by solar PV trees

was measured using two measurement

techniques: first, by measuring the electricity
production generated by the solar PV trees and
measuring the energy loss of the grid system,
and the second technique was by measuring the
electricity consumption of electric vehicles and
the energy loss in the EV charging system.
Solar radiation and ambient temperature
measurements were taken every minute and
averaged every 15 minutes around the solar PV
to determine the power generated by the solar
PV. Solar PV power production is affected by
sunshine duration and solar radiation levels.
Solar radiation measurements in Surabaya City
ranged from 137.77 W/m? to 928.10 W/m?.
Solar radiation during clear skies at 07.00 AM
was 139.50 W/m? The highest value at 11.30
AM was 928.10 W/m?. This indicates that solar
PV electrical energy production is strongly
influenced by solar irradiation, as shown in
Figure 5.

Analysis based on solar irradiation values,
solar irradiation intensity, and duration of
irradiation from the Meteorology, Climatology,
and Geophysics Agency in Juanda, Surabaya,
shows that solar PV energy production can be
estimated, with the highest average clean
energy production of solar PV in September at
18.9718 kWh/day during the dry season. The
lowest was in December during the rainy
season at 3.1981 kWh/day, with energy
production of 8,331,955 kWh/year. Increasing
temperature on the solar PV surface can reduce
solar PV efficiency. This condition can
decrease solar PV efficiency by 1.47%-3.94%.
Solar PV efficiency analysis can be performed
using Equation 1.

Pou
n= Pn—fo x 100% (1)

n is the solar PV efficiency, Pt is the solar PV
output power, P, is the solar input power, and A
is the area of the PV panel module. When the
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sky is clear, with a solar radiation range of
137.77 W/m? to 928.10 W/m?, and the radiation
duration is 8 hours (07:00 AM—04:00 PM). The
solar PV tree generates an average daily
electrical energy production of 18.9718 kWh/
day, with an efficiency of 2.63%.

The overall system efficiency reduction
from solar energy input power to electric
vehicle battery charging power is caused by
inverter power loss of 8.5%, power loss in
electrical conductor cables of about 1.5% of
system capacity, battery charging power loss
with the MPPT solar cell controller of 1.49%,
and power loss due to solar PV temperature
increase, which can reduce panel output power
of about 1.25%. Several parameters affect the
change in the sun's hour angle by 1 degree
every 15 minutes. This affects the radiation
value received on the surface. Solar PV  the full capacity of 3.9 kWh, or 1.79 kWh.
electrical energy production is presented in

Figure 6.
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Figure 5. Solar PV power production in Surabaya

Vehicle Charging Efficiency

To maintain EV battery performance and
longevity, EV charging is carried out before the
EV battery reaches the 30% limit. Therefore,
EV charging is carried out at 70% of the EV's
full capacity. For an electric car type EV is 70%
of the 37.9 kWh full capacity of the EV battery
is 26.52 kWh. An electric bicycle is 70% of its
1.75 kWh full capacity of 1.31 kWh. The
charging model uses single-phase AC charging
at 220-230 volts. The charging power flow
diagram is presented in Figure 7.

The EV charging per-day results are
presented in Figure 8 and 9. Electric bicycle
charging can reach 1 unit/day, with a charging
capacity of 69.83% of the full capacity of 1.75
kWh (1.22 kWh). The electric car type EV
charging, on the other hand, reaches 45.83% of

storage battery is 3.5755 kWh.

Solar PV electricity production

0
QZ)@&&Q
mmm Solar power (kWh/day)

- Electrical energy production (kWh/month)
Figure 6. Monthly energy production
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EV charging efficiency is divided into
two parts: the efficiency of the solar PV system
in producing electrical energy (2.63%) and the
efficiency of EV charging from DC to the AC
charging system (88.47%). These results align
with research on solar energy utilization carried
out in several previous studies, such as the
implementation of a renewable energy source
management system for charging electric
vehicles (Engelhardt et al., 2022). Renewable
energy utilization strategy to improve electric
vehicle mobility. (Schuller et al., 2014) EV
charging with smart grid renewable energy in
Germany increases charging costs (Corsetti et
al., 2024). Renewable energy management and
storage for electric vehicle charging can reduce
costs (Huang et al., 2023). Renewable energy
systems with diverse energy sources can
improve electric vehicle charging systems. This
can increase the electricity supply for electric
vehicle charging (Gondiil et al., 2024).

The ratio of electric bicycle to electric car
charging capacity shows that electric bicycle
charging can reach 100% of the required
charging capacity each month; the charging
capacity is presented in Figure 10. However,
solar PV capacity can only meet an average of
27.84%. Solar PV's capacity to provide electric
car charging power was highest in September
(58.41%) and lowest in December (5.57%).
This is strongly influenced by surface solar
irradiation, driven by the dry season in
September and the rainy season in December.

Economic feasibility

An economic feasibility analysis of a
solar PV system is needed to assess the
investment cost of solar PV for EV charging,
including the costs of the solar PV, inverter,
battery, power grid installation, and
construction. The solar PV inventory costs are
presented in Table 3. Meanwhile, the annual

Table 3. Solar pv investment costs

Number Component Amount Price (IDR)

A. Equipment investment

1 Solar PV 32 unit 40,000,000

2 Energy storage battery 10 unit 21,000,000

3 Inverter 1 unit 4,500,000

4 Control unit 1 unit 2,300,000

5 Construction and installation costs 1 packet 3,000,000
Total Equipment investment 70,800,000

B. Operations and maintenance

1 Maintenance costs 1 packet 2,000,000
Total investment costs 72,800,000
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Table 4. Electric energy price

Component Electric energy price
Solar PV capacity 8 kWp

Electric energy price (IDR) IDR 2950/kWh
Electric energy from Solar PV (kWh/year)  3,622.31 kWh
Charger system losses (kWh) 413.40 kWh

Charger EV from Solar PV 3,165.71 kWh

Electric energy price for solar PV (IDR)

IDR 9,338,839.85

Electric energy consumption (kWh)/year

Changer EV (kWh)

Electric energy price (IDR)

Energy in a power storage battery (kWh)

Electric energy price (IDR)

Benefit

3,165.71 kWh
IDR 9,338,839.85
43.2 kWh

IDR  127,440.00

Rp 9,466,279.85

solar PV energy production is presented in
Table 4.

The Indonesian government's policy on
electric vehicle charging providers is regulated
in the Minister of Energy and Mineral
Resources Regulation Number 1 of 2023. The
standard electric charging tariff at the Public
Electric Vehicle Charging Station (SPKLU)
owned by the State Electricity Company is set
at IDR 2.950/ kWh (ESDM, 2023).

The economic feasibility of a household-
scale EV charging system using solar PV by
integrating the PLN electricity network can be
calculated by calculating the Net Present Value
(NPV) which is the first year's investment
value, the Benefit Cost Ratio (BCR) to analyze
the feasibility of investing in EV charging
using solar PV, and the Payback Period (PP) to
calculate the time period required for the
investment funds put into the EV charging
investment to be fully returned (Ansori, A et
al., 2023). The calculation values are presented
in Table 3.

The Net Present Value (NPV) can be
calculated using equation 2.

NPV = PWB — PWC 2)

If the NPV > 0, it means that the investment is
feasible, and if the NPV < 0, it means that the
investment is infeasible. Where present worth
of benefit (PWB) is the cash flow taking into
account the benefits and can be calculated by
equation 2. Feasibility analysis of solar PV for
EV charging: investment is feasible if NPV > 0,

and investment is not feasible if NPV < 0.
PWB = ¥ Cfb x (Pif), 3)

Meanwhile, Present Worth of Cost (PWC)
is a cash flow that accounts for cost and can be
calculated using equation 4.

PWC = Y7o Cfce x (Pif), 4

Where the investment period is n, and the time
period is t, the cash flow benefit is Ctb, the
cash flow cost is Cfc, and Pif is the current
interest rate. Meanwhile, to analyze the
feasibility of investing in photovoltaic solar
panels for electric vehicle chargers, the benefit-
cost ratio (BCR) is calculated using Equation 5.
PWB

BCR = m (5)

To determine the feasibility of an
investment with a BCR value, the investment is
considered feasible if BCR > 1, and an
investment is not feasible if BCR < 1. If the
profit value varies each year, the payback

period can be calculated using equation 6.

_ (a-b)
PP =n+ («-b) x 1 Year (6)

n = the required return period for the
investment or the final year of cash flow that
still falls short of covering the initial
investment capital, a = the initial investment
amount, b = the cumulative total cash flow in
the nth year, ¢ = the cumulative total cash flow
in the nth year

PP = Z?:o Cft =0 (7N
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Table 5. The levelized cost of energy (Icoe)

Item Name

Value

Equipment investment costs (IDR)

70,800,000.00

Maintenance costs (IDR) 2,000,000.00
Total investment cost (IDR) 72,800,000.00
Maintenance growth rate (%) 2

Electricity output (kWh) 3622.31

Solar PV lifespan (years) 20

Discount factor (%) 8

Total costs

Investment cost (IDR) 70,800,000.00
Maintenance costs (IDR) over 20 years 18,688,440.00
Present value costs (IDR) 70,800,000.00
NPV of total costs (IDR) 89,488.,440.00
Total energy output

Yearly output 3,622.31
Present value costs (kWh)over 20 years 33,183.98
NPV of total output (kWh) 36,8006.29

LCOE

IDR 2,431.335/kWh

To determine the feasibility of an investment
with a PP value, if the PP value > 1, then the
investment is considered feasible.

Table 4. Economic feasibility analysis

Method Value
Present Worth of Benefit (PWB) IDR 92,941,330.96
Present Worth of Cost (PWC) IDR 72,800,000

Net Present Value (NPV) IDR 20,141,330.96
Benefit Cost Ratio (BCR) 1.23
Payback Period (PP) 11.16 (11 Years 2 Months)

Based on the analysis, the Net Present
Value (NPV) is positive, and the ratio of the
Present Value of Benefits (PWB) to the Present
Value of Costs (PWC) is greater than one.
Therefore, investing in solar photovoltaic (PV)
power for electric vehicle (EV) charging is
economically  feasible. The solar PV
application will pay back the investment within
eleven years and two months. The Average
Total Cost of a solar PV Per Unit of Total
Electricity Generated. The Levelized Cost of
Energy (LCOE) is the constant price per unit of
energy that will yield the net present value

(NPV) for a solar PV system. The LCOE is the
ratio of the NPV of the total costs over the
lifetime to the NPV of the electrical energy
produced over the lifetime. The Levelized Cost
of Energy (LCOE) of solar PV can be
calculated using Equation 8. The LCOE value
of solar PV is IDR 2,431.335/kWh, as
presented in Table 8.

LCOE = NPV of total costs over lifetime (8)

NPV of electrical energy produced over lifetime

m  CONCLUSION

Using solar photovoltaic (PV) panels in
the transition to electric vehicles can help
address rising electricity loads and household
electricity bills by providing power for EV
charging. The PV tree model can address the
challenges faced by electric vehicle users who
charge at home. The power capacity of the solar
PV panel largely determines the electrical
energy produced for charging electric vehicles.
A solar PV tree with a capacity of 8 kWp can
produce 3622.309 kWh/year, with an energy
loss of 11.5% during charging (413.40 kWh/
year). The solar PV system can charge electric
bicycles at 69.83% and electric cars at 45.83%.
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Meanwhile, from an economic feasibility
perspective, the solar PV tree system for
electric vehicle charging is economically
feasible, with a payback period of eleven years
and two months.
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