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Abstract: The regional government of Jakarta, has operated 52 units of electric buses with a
battery capacity of 324 kWh, as part of an effort to reduce CO, emissions from the transportation
sector. The number of electric buses will continue to increase to 14,136 units in 2030. Electric bus
operators built 15 units of charging stations (CS) with a capacity of 200 kW with CCS-2 plugs. The
electrical power for the charging station is supplied from 4 units of transformers with a capacity of
1.25 MVA. Buses are charged alternately from 10 pm until around 03 - 04 am. From the results of
power quality measurements for 1 week with 1 minute intervals, on the medium voltage side, it
appears that the power factor is good (> 0.9) when the CS is operated, but when idle between 04 am
— 09 pm, the power factor drops to 0.2 - 0.3 because the system only supplies transformers with an
empty load. As a result of this operation, operators are subject to fines for excess kVArh. However
the voltage fluctuations is still normal, with the voltage moves between the upper and lower limits of
the medium voltage standard, (SNI 04-0227-2003).This paper evaluates the electrical system in this
electric bus depot, power quality measurements and several inputs for system improvement including
initial studies for smart charging implementation.

Keywords: EV Bus fleet charging; Charging Profile; Smart Charging; Charging Infrastructure

1 Introduction

1.1 Background

In line with the increasing awareness of the world
community about the effects of greenhouse gases,
countries in the world are trying to reduce carbon
emissions from various sectors'™. In energy sector, many
approaches to get eco-friendly energy solutions by means
of state-of-the-art energy harvesting technology such as
more efficient solar cells, piezoelectric and
electromagnetic generators.*> Using energy resources
wisely by getting the advantage from intelligent and
sustainable manufacturing can lead to less carbon emission
for each product.®” However, even though the
manufacturing process has produced less carbon for each
product, the waste contained with hazardous material such
as e-waste still needs to be paid attention to. Collaborative
action from government, industry stakeholders and society
for better waste management is very necessary.” Reducing
carbon emission in the transportation sector, it can be seen
that the number of electric motorized vehicles (electric
vehicles) has increased significantly. This is because
several countries have issued policies that support the

acceleration of electric vehicle (EV) adoption, including
policies limiting Internal Combustion Engine (ICE)
vehicles, providing incentives such as reduced purchase
taxes, and adequate infrastructure.®®)

Currently, almost all automotive manufacturers have EV
products or are preparing their EV products. Many non-
automotive companies have also entered the EV business,
for example: Huawei, Xiaomi, Samsung and Sony.
Likewise in Indonesia, the number of EVs is expected to
continue to increase along with increasingly competitive
EV prices. Along with the increasing number, large
number EV unavoidably may have impact to grid.
Incoordination of higher penetration of EVs and
photovoltaic systems can lead to increased harmonics and
voltage unbalances in power network.'” The connections
of multiple EVs, particularly in fast charging context, can
significantly impact network voltage levels, pushing them
beyond safe operational threshold!” Uncontrolled EVs
charging in residential during peak period can lead to
higher energy demands and potential issues with power
quality and stability.'>! Therefore, EV supporting
infrastructure in the form of electric vehicle charging
stations must be well prepared in order to increase the
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interest of both the general public and shared-car fleets
such as Blue-bird, Go-car and Grab-car to switch to EVs.!¥

With the increasing number of charging stations (CS),
the possibility of affecting the stability of the electricity
network (grid) when CS are used, especially during peak
loads, needs to be monitored. Public Smart Charging
Stations increasing number as increasing number of EV
adoptions serving as an interim solution before network
reinforcements.'> There are several ways to promote smart
charging to consumers Distributor System Operator (in
Indonesian case , Perusahaan Listrik Negara (PLN-
National Electricity Company) can do some tariffs and fees
special calculation (dynamic pricing).'®

Therefore, this research will conduct a study on smart
charging designs of public bus fleet that can be controlled
to avoid disturbing the stability of the grid and can even be
used to compensate for power fluctuations on the grid
when needed.

1.2 EV BUS Electrification Policy

Electric-based vehicles are an embodiment of reducing
carbon emissions in accordance with Indonesian law.
Based on presidential regulation Perpres No. 55 Th. 2019
concerning the Acceleration of the Battery-Based Electric
Motor Vehicle Program for Road Transportation'”. In
alignment with this presidential regulation, instruction on
the use of electric vehicles (EVs) for operational purposes
by government employees was also issued in 2022'® .To
make more meaningful impact, the government is currently
accelerating the implementation of the use of electric
vehicles, particularly electric buses for public
transportation. The government's policy aims to change the
use of fuel oil to natural gas and electricity due to the
potential for air pollution by greenhouse gases, specifically
carbon dioxide (CO,) that produced by conventional
vehicles. Globally, the transportation sector is the second
largest contributor to emissions after electricity generation.
In consequence, the government has committed in the
Nationally Determined Contribution, to reduce greenhouse
gas emissions by 29% to 41% by 2030 with a target of
achieving Net Zero Emissions in 2060, this carried out to
build national, regional, and community resilience from
various risks of climate change. According to research
conducted by Emprecha et.al, the utilization of EV buses
reduces carbon emissions by 4.53 tons per year per bus'®.
Considering the urgency, the development of electricity-
based vehicle infrastructure must be implemented
immediately, namely a charging station system that can
support electric bus operations.

Jakarta is one of the first cities in Indonesia that take
action in public transportation sector. As a commitment to
reduce pollution in the capital city, currently the Jakarta
Provincial Government has operated 52 electric buses as a
mode of public transportation named TransJakarta. The
utilization of electric bus is planned gradually increased
year by year. Based on the master plan, there will be an
increase of up to 14,000 electric buses by 2030, replacing

conventional buses. Figure 1 shows the masterplan for the
bus electrification. This plan is made to reduce city’s
carbon footprint and improve air quality. Moreover,
transition to electric buses is expected to support
government goal to achieve green economy.

Type of Transjakarta's Fleet 2019-2030
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Fig. 1. EV Bus masterplan

Fig. 2. EV Bus Fleet BYD K9

In this initial operation, the bus operator, select BYD K9
from the K-series electric buses line up. Figure 2 shows the
EV bus fleet inside the shelter, This electric bus has an
acceleration power of up to 200 hp and a battery capacity
of 324 kWh which is estimated to be able to reach 253 km.
For charging the battery, the operator installed 15 units
ultra-fast charging station 200 kW with CCS-2 plug
(double gun).

1.3 Smart Charging

Time-of-use pricing without Basic

automated control smart
MUE
—

charging
Basic controlled (on/off)
Unidirectional controlled Flexibility
(V1G) provided by

EV's to the grid

CURRENT

CONCEPTS Bidirectional controlled

OF SMART (V2G, V2H, V2B)

CHARGING Advanced
INCLUDE

Dynamic pricing with smart
automated control low Flexibility high ~ charging

10)

Fig. 3. Smart charging concept

With Smart Charging, an EV's charging and discharging
process is managed based on the driver's preferences as
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well as the state of the electrical grid (renewable energy
availability)®?, this concept depict in Fig. 3 The following
will be impacted by the significance of smart charging such
as enhanced electrical transportation through effective
charging procedures, efficient allocation of sustainable
energy, and flexibility in preserving the equilibrium and
robustness of the electrical grid. From study by Zhang et.al.,
their (smart charging ) charging scheduling algorithm
considering V2G and reactive power can optimize
charging by reducing peak load, minimizing electricity
cost and decreasing power factor penalties.?) From study
by Debb et.al the peak demand even up to 50%. Smart
charging also can increase penetration of renewable energy
allowing to be charged during high renewable
generation.”? Nonetheless, innovation in EV Charging
hardware give high possibility to boost EV penetration.?®

Controlling increasing number of EV charging, there are
several studies and researches discuss about scheduling
algorithm. Shao et.al proposed framework offers
advantages in convergence quality and computational
efficiency.?Y With a cooperative-hierarchical multi-agent
system proposed by Sabner et.al, the simulation conclude
their system may significantly improve coordinating
multiple EV CSs, reducing operational cost and preserving
data privacy.?> Another hierarchical control also proposed
by Shao et.al, the result of the simulation is the control
algorithm can reduce generation cost.? Other scheduling
studies resulting in reduce charging delay and cost,?® keep
the voltage levels within standard®” get more operation and
maintenance of vehicle.?83%

Other than scheduling, several studies also discuss about
optimizing smart charging — smart grid system
infrastructure by coordination of DSO/TSO and
transportation network'3? and optimizing on placement
of public smart charging infrastructure.?,

In modelling smart charging infrastructure, there is a
generic EV charging modelling by Heider et.al. 3%, While
Bose and Sivraj make a model of smart charging
infrastructure that employ IMCC to manage efficient
charging process®.

With the help of smart charging, electric vehicles (EVs)
can now transfer their stored energy back to the vehicle’s
battery while maintaining its integrity. Hafez et.al state that
modeled integrating EV charging station as smart loads for
demand response provisions in distribution system
resulting reduce peak loads, balance grid demand-supply
and improve efficiency.’® In Europe, Van der Kam et.al
stated with unified roaming protocols, smart grid
functionality can be enhanced by allowing more efficient
management of EV Charging.” Digital data interchange
(vehicle charging status, feasible charging speed, time
when the e-driver wishes to leave, and minimum battery
charge level) is necessary for the Smart Charging chain to
function®®.

2 Methodology

This study was carried out by collecting data directly
through measurements, secondary data collection from
utilities, observations and interviews with bus crew.
Electrical measurements are not only used to determine
energy consumption, but also look at the power quality
aspect, considering that CS's main component is a rectifier
and operates intermittently. To characterize the system's
performance in respect to various power quality changes,
multiple types of analysis are required.’**?

Significant advancements in monitoring technology that
may be utilized to define disturbances and changes in
power quality have been brought about by the growing
concern for power quality. The power system experiences
millisecond-long disruptions, which are more noticeable to
equipment due to its heightened sensitivity, and the
increased number of devices linked to the power systems
can lead to power quality issues. These factors make it
often essential to keep an eye on system functioning and
assess the potential effects of disruptions*V.

2.1 Measurement

In this study, electrical power measurements were
conducted using a Clamp-on Power Logger measuring
instrument, the HIOKI PW3360-21. This tool is capable of
measuring and recording electrical power parameters,
employing multi-channel clamp sensors on single-phase to
three-phase lines, which are typically used to aid energy
audits and validate measurements in the energy-saving
process. In Figure 4 the measurement process, data was
retrieved from the outgoing control panel on the Medium
Voltage side of the bus depot electrical system through the
provided Test Block. The data recording process lasted for
7 days to discern the charging load patterns of electric
buses on weekdays and weekends.

The measurement focused on parameters such as power,
power factor, energy consumption and voltage. Those
parameters will be plotted for further analysis. The power
parameter is measured daily and will be presented in daily
and weekly graphs. Power factor which is also an
important parameter, will be presented on both daily and
weekly graphs. This data will be displayed alongside
power data plot to ease the analytical process. Energy
consumption measured and will be resume in daily and
presented in kWh unit.
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current system can provide power up to fifteen 200 kW EV
chargers simultaneously. Extensive power system studies
are needed to ensure that the specified electrical system
satisfies the strict design specifications.

MEASUREMENT
INC | ___, INT
ZOKV
HW
A, P 2 am 1] am 2[ am 3] am 41
9 4 ; i ' o ' o “ _l
© ™:1(A) ™ :2(A) TX:3 :4 (A)
. 1250kV. 1250KkV, 1250kVA 1250kVA
Fig. 4. Measurement at PCC &) &) &

2.2 Charging Station and Bus Operation Patterns é é él él %

The operation pattern for 15 charging stations @ 200
kW to serve the charging of 52 electric buses with a
battery capacity of 328 kWh is as follows:

e Charging is initiated at night, starting around 10 pm,
in accordance with the buses' return to the depot.

_\ - - N 21N < TN
- N u h (.n

Fig. 6. Simphﬁed Electrlcal Smgle Diagram

3 Result and discussion

e Buses will be charged in order of arrival and The measurement was conducted over one week (1
readiness for the charging minute interval) at medium voltage incoming terminal. The
e Charging time for each bus is approximately 1.5 - secondary data from the utility was also analyzed.
2 hours
e All buses are finished charging at approximately 3- 3.1 Power
4 am Figure 7 and Figure 8, show the daily and weekly power

profile respectively. The daily power profile, depicted from
the weekly power profile, almost the same pattern in each
day. The charging process starts around 09.30 to 10 PM

e The bus departs from the depot to follow one of the
four routes. Figure 5 shows the basic bus operation

1000

e
ES

Fig. 5. Flow of Bus Operation

flow.
and ends around 03.00 to 03.30 am. The peak load recorded
From interviews with the crew, we obtained 2,7 MW. The graph illustrates two peaks, where the first
information that one of the concerns in carrying out this peak is when all the CS are operating (the number of buses
operating pattern is to avoid fines from route owners in the is 49, the number of chargers is 15, so there are 3 times
event of delays in sending buses to bus stops. when all the chargers operate almost simultaneously, in the
last charging period only 4-5 buses are charged) and the
second peak is when the remaining buses are charged.
CHARGING BUS AT THE . .
BUS DEPOT From the graph it can be seen that the CSs is started almost
at the same time. This causes the load to increase from
OPERATE? YESj around 11:15 PM to 00:00 AM.
OPERATE COMPLETING
ROUTE. FIRST BUST DAILY POWER PROFILE
SETTLE TO LAST ONE [ —KW —KVA --—KVAR % |
3000 12
YES— .

NO ‘@ 2500 —q e 1.0

NO
&0 g— 2000 i 08

< % :

NO YES— S 5
= 1500 1 0,6

END = H

g H

z {

g :

500 v 0,2

2.3 Electrical System Configuration eI o)\
7.8
Figure 6 is a representation of the electrical single-line 0 Y it 00
diagram for the depot bus's EV chargers. The system S AEEASEEESE LA SSCd2 558855828

consists of four medium voltage transformers rated at 1.25
MVA. This power distribution system is supplied by the
utility company with a 4.3 MVA power contract. The

Fig. 7. Daily Power Profile
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WEEKLY POWER PROFILE
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Fig. 8. Weekly Power Profile

3.2 Power factor

Figure 7 and Figure 8 show the power factor graphs,
from which it is clear that when the CS is operating, the
power factor is good, and when the CS is not operating, the
power factor drops to 0.2. It is also evident from the graphs
that the CS operates for approximately 5 hours and is idle
for approximately 19 hours. The idle duration is much
longer than the operating time duration. As a result, the
maximum subscription power of 4.33 MVA is mainly used
for no-load transformer loads (inductive loads). PLN sets
the power factor of electricity customers at a minimum of
0.85 because if the power factor is less than 0.85, the
reactive power needs (kVARh) will be supplied from the
PLN grid by charging customers and subject to excess
kVARh penalties.*?) Therefore, efforts must be made to
reduce the supply of reactive power from PLN, namely
installing capacitor banks. The capacity of the capacitor
bank is calculated using Equations 1 to 3 4>4

P=+3xV.l.cosg (1)
Q=+ 3xV.lLsing (2)
Qc = P(Tan ¢ existing — Tang Target) (3)

Where, P is active power (kW), Q is reactive power
(kVAR), V is voltage (volt), I is current (ampere), cos ¢
is power factor and Qc is capacity of the capacitor.

In this case the power factor when the CS is idle will be
increased from 0.2 as shown in Fig. 7 increased to 0.98.
obtained the required capacity is 42.82 kVAR. Table 1.
show the values of power factor correction.

Table 1. Power Factor Correction

Existing Apparent Power 45.09 kVA
Existing Reactive Power 44.41 kVAR
Proposed Apparent Power 7.96 kVA
Proposed Reactive Power 1.58 kVAR

Capacitance Power Required 42.82 kVAR

3.3 Energy consumption

Based on measurements shown in Table 2. , the average
daily energy consumption is 7.14 MWh, with the lowest is
on Sunday 5.90 MWh and the highest is on Saturday 8.01
MWh. Since the total bus number is 52 units, the average

POWER FACTOR

energy stored per bus are 137 kWh, 113 and 154 kWh
respectively.

Table 2. DAILY MEASUREMENT ENERGY

. Energy
Date Power | Min Avg Max
(kWh)
kW 6,6 | 2764 | 25818
Monday
kVA | 43,2 3094 | 25824 | 6.642
08-May-23
kVAr 0,0 51,9 90,6
kW 7,2 294,6 | 2718,6
Tuesday
kVA | 444 | 328,6 | 2718,6 | 7.074
09-May-23
kVAr 0,0 53,0 92,2
Wednesday kW 6,6 | 3158 | 2658,0
10-May-23 | kVA | 41,4 | 348,0 | 2658,6 | 7.584
kVAr 0,0 51,9 96,5
kW 6,6 | 2850 | 24564
Thursday
kVA | 43,8 317,6 | 2457,0 | 6.846
11-May-23
kVAr | 43,0 53,5 98,7
kW 6,6 | 330,1 | 2653,8
Friday
kVA | 40,8 361,8 | 26544 | 7.932
12-May-23
kVAr | 39,9 52,9 94,5
kW 6,6 | 3333 | 2628,6
Saturday
kVA | 432 361,8 | 2628,6 | 8.004
13-May-23
kVAr 0,0 52,9 88,8
kW 6,6 | 2452 | 2439,0
Sunday
kVA | 41,4 | 2779 | 2440,2 | 5.892
14-May-23
kVAr | 40,3 53,2 91,5
kW 6,7 | 2997,2 | 2590,9
Average kVA 42,6 329,7 | 2591,4 7.139
kVAr | 17,6 52,6 93,2
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ezaMonthly Energy (kWh)

—Daily Energi (kWh)
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Fig. 9. Energy consumption

Figure 9 is obtained from the electricity bill of the
electricity company (PLN) while the average daily energy
consumption data is obtained by dividing the monthly
energy consumption by the number of days in each month.
from the electricity bill, the minimum monthly energy
consumption was 115,271 kWh or 3,718.4 kWh per day,
the maximum energy consumption is 217,593 kWh per

-2778 -
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month while the average monthly energy consumption is —— VOLTAGE (AVE] ~~--MINIMUM VOLTAGE LIMIT ——MAXIMUM VOLTAGE LIMIT == <AMPERE [AVE]

196,338.9 kWh per month. 21500 120
21000

3.4 Voltage Profile .

20500

%
S

From the measurement data shown in Fig. 10 and Fig.
11, it can be observed that when the load is low, the voltage
increases, and when the load is high, the voltage decreases.
However, the movement of voltage fluctuations remains
within normal range, with the voltage oscillating between
the upper and lower limits of the medium voltage standard.
With 15 CS units and the voltage supply system for CS, the 18000
system is secure, and there will be no voltage fluctuations 17500 =====
exceeding the medium voltage standard limit. The standard 5
voltage range, according to SNI 04-0227-2003, has a
tolerance to the nominal voltage of +5% and -10%, so the
minimum allowed voltage is 18,000 V and the maximum
voltage is 21,000 V.
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Fig. 11. Weekly voltage and current Profile

A broader smart charging scheme needs to be studied
further, namely: a smart CS operational management
[ oA == system coupled With a smart fleet management system,

20700 130 starting from parking arrangements for charging, charging
operations, arrangements for sending buses to the bus stops.
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Fig. 10. Daily Voltage Profile
From the results of measurements and observations in Fig.12. Smart Charging Archtecture for EV Bus Depot
the field, the Charging Station system in electric bus depots
with conventional bus design and operating patterns will
have the following impacts:
e Increased investment costs for procurement of
transformers, cables, panels and installation work
e Un-controlled operating patterns, only based on the
bus queue that enters first and charging according to
the idle charger, resulting in excess kVArh fines
because 2/3 of the time in a day, the system only
supplies an empty transformer load.

The proposed smart charging configuration is illustrated
in Fig. 12. Smart charging is necessary not only to optimize
charger operation by bus operators but also for utilities,
enabling them to continually monitor the system's
condition, particularly the feeder supplying the depot bus,
and prevent feeder trips during intermittent CS operation.

The electrical power that can be used by CS is as
described in equation (1), namely the contracted power
with the utility minus the electrical power used by other
facilities.

Pavailability = Peontract — Pothers — > Fes (4)

and the maximum power that can be used by CSs is
Pavailability > Prequest ( 5 )

Meanwhile, the total power when the CS is operating is
the sum of the CS's electrical power currently in operation
and the requested electrical power, which will be included
in the operation.

ZPCSZZPCS+PTEL{ (6)
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Figure 13 shows the flow chart of sequence/scheduling
settings corresponding to the smart charging configuration
depicted in Fig. 14. The master controller will monitor
power availability, power used by other loads, and the
accumulation of CS loads that will enter sequentially. As
long as the available power remains sufficient, the CS-CS
will enter sequentially. If the available power is insufficient,
the next CS queue will be held until power becomes
available or by reducing the power of the CS, thereby
increasing the number of CS units that can be operated but
with a longer charging duration due to the lower power.

REQUEST
FROM CS

CHECK POWER AVAILABILITY

A

I:)avalability = I:)contract - Pothers - Z Pcs

Pavailability > Prequest

YES
RESPONSE
=TRUE

2P =3P+ Prequest

YES:
STOP

Fig. 13. Flow Chart of Smart Charging based on the proposed
architecture

RESPONSE
= HOLD

PROCESS = QUEUE

The smart charging architecture configuration consists
of data acquisition system hardware, which retrieves
existing power meter data to be sent to the Charging Station
Management System (CSMS). The author and their team
have developed CSMS* and have operated it for several
years for CS operations. The data acquisition system has
also been tested and functions well. The author also and
their team also have conducted study on design of smart
charging architecture for battery EV. The designed smart
charging architecture proposed integrating CSMS with
Electrical Power Monitoring System (EPMS) using IoT
devices. This architecture offers a scalable and efficient
way to manage EV charging, optimizing energy use and
enhancing grid stability.*> The next step is to apply a smart
charging algorithm to optimize CS operation. The
negotiation process for implementation at the bus depot is
still ongoing.

4 Conclusion

With the operation of 15 c¢s (intermittent for each unit),
the supply voltage is maintained in the range of 20.1 kV to
20.6 kV, still within the standard limits of 18.0 kV to 21.0
kV (SNI 04-0227-2003). This happens because the
position of the distribution transformer is relatively not far
from the substation and the network impedance is also not
large. The CS load is also located only approximately 30
meters from the distribution transformer (transformer
impedance 5.5 %).

To avoid kV Arh penalties, this can be done by installing
a capacitor bank or by setting the operation of the charging
process. Installing bank capacitors will increase the
investment burden. Resetting the charger operating pattern
is a bit more troublesome for the depot staff but does not
require investment.

In the future, the need for smart charging cannot be
avoided with the increase in the number of EVs.
Implementing smart charging will not only reduce the risk
of a significant increase in peak load, but can also balance
the load profile by filling valleys and reducing the
sharpness of the load profile graph.

By rearrangement of bus charging procedures and
regulating the flow of sending buses to routes, the buses
can still be charged with electricity without needing to
increase the number of CS. this will also improve the
power factor

Acknowledgment

The author would like to thank the management of PT
Mayasari Bakti and the team, as well as PLN UP3 Ciracas
who have supported this research.

References
1) BAPPENAS, “INDONESIA’S updated ndc for a
climate resilient future,”

Http://Greengrowth.Bappenas.Go.Id/En/Indonesias-
Updated-Ndc-for-a-Climate-Resilient-Future/, 2021.

2) M. Lucibella, “Government policies work to reduce
greenhouse gas emissions,”
Https://Www.Ucl.Ac.Uk/News/2023/Sep/Governme
nt-Policies-Work-Reduce-Greenhouse-Gas-
Emissions, 2023.

3) “Environtment protection agency of us government,
“Ghg  reduction programs &  strategies,”
Https://Www.Epa.Gov/Climateleadership/Ghg-
Reduction-Programs-Strategies, (2023).

4) R. Verma, and A. Kumar, “Eco-friendly energy
solutions: current state of- the-art and future prospects
(2023),” Journal of Advanced Research in Alternative
Energy, Environment and Ecology,; Vol 10 No 3&4
(2023): Journal of Advanced Research in Alternative
Energy, Environment and Ecology, (2023).
https://thejournalshouse.com/index.php/AltEnergy-
Ecology-EnvironmentJ/article/view/849.

- 2780 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 03, pp2774-2782, September, 2024

5) R. Verma, and A. Kumar, “Energy harvesting
techniques for self-powered electronics: state-of-the-
art and challenges,” Journal of Advanced Research in
Electronics Engineering and Technology, Vol 10 No
2 (2023): Journal of Advanced Research in
Electronics Engineering and Technology, (2023).
https://thejournalshouse.com/index.php/electronics-
engg-technology-adr/article/view/899.

6) S. Akhai, “Navigating the potential applications and
challenges of intelligent and  sustainable
manufacturing for a greener future,” Evergreen, 10
(4) 2237-2243 (2023). doi:10.5109/7160899.

7) P.Aggarwal, M. Rana, and S. Akhai, “Briefings on e-
waste hazard until covid era in india,” Materials
Today:  Proceedings, 71 389-393  (2022).
doi:10.1016/j.matpr.2022.09.507.

8) M. Waseem, S. Fahad, and F. Alanazi, “Electric
vehicles: benefits, challenges, and potential solutions
for widespread adaptation,” Applied Sciences, 13 (10)
6016 (2023). doi:10.3390/APP13106016.

9) “International energy agency, “Global ev outlook
2023: catching up with climate ambitions,”
International Energy Agency, (2023). www.ica.org.

10) P. Rodriguez-Pajaron, A. Hernandez, and J.V.
Milanovi¢, “Probabilistic assessment of the impact of
electric vehicles and nonlinear loads on power quality
in residential networks,” International Journal of
Electrical Power & FEnergy Systems, 129 106807
(2021). doi:10.1016/j.ijepes.2021.106807.

11) J.Y. Yong, V.K. Ramachandaramurthy, K.M. Tan, A.
Arulampalam, and J. Selvaraj, “Modeling of electric
vehicle fast charging station and impact on network
voltage,” IEEE Conference on Clean Energy and
Technology (CEAT, (2013).
doi:10.1109/CEAT.2013.6775664.

12) F.C.M. Cortezzi, and P.R. Silva Jota, “Residential
load curve analysis during electric vehicle charging,”
J. Power Energy Eng, 05 (03) 49-61, (2017).
doi:10.4236/jpee.2017.53004.

13) A. Mangipinto, F. Lombardi, F.D. Sanvito, M.
Pavicevié, S. Quoilin, and E. Colombo, “Impact of
mass-scale deployment of electric vehicles and
benefits of smart charging across all european
countries,” Appl. Energy, 312 118676, (2021).

14) S. LaMonaca, and L. Ryan, “The state of play in
electric vehicle charging services — a review of
infrastructure provision, players, and policies,”
Renewable and Sustainable Energy Reviews, 154
111733 (2022). doi:10.1016/J.RSER.2021.111733.

15) A. Oldfield, C. Watkins, and J. Orr, “A 2030 snapshot
of public smart ev charging stations,” International
Conference on Electricity Distribution A 2030
SNAPSHOT OF PUBLIC SMART EV CHARGING
STATIONS 27 Th International Conference on
Electricity Distribution CLM — Customer Load
Management,”, (June) 12-15, (2023).

16) A. Raassina, P. Heine, J. Lepistd, E. Adrynen, and S.
Honkapuro, “What a dso can do to promote ev smart
charging?,” Int. Conf. Eur. Energy Mark. EEM, 0-4,
(2022). doi:10.1109/EEM58374.2023.10161939.

17) P.P.R. Indonesia, “Peraturan presiden republik
indonesia no 55 tahun 2019 tentang percepatan
program kendaraan listrik berbasis baterai,” (2019).

18) “Instruksi presiden republik indonesia, “Instruksi
presiden republik indonesia no 7 tahun 2022 tentang
penggunaan kendaran bermotor listrik berbasis
baterai sebagai kendaraan dinas operasional dan/atau
kendaraan perorangan dinas instansi pemerintah
pusat dan pemerintah daerah,” (2022).

19) S. Emprecha, W. Pattaraprakorn, V. Chutiprapat, and
P. Bhasaputra, “The study on the effect of electric bus
(non-fixed route) to energy consumption in Thailand,”
in: 2016 13th International Conference on Electrical
Engineering/Electronics, Computer,
Telecommunications and Information Technology
(ECTI-CON, IEEE, 2016: pp- 1-5.
doi:10.1109/ECTICon.2016.7561404.

20) IRENA, “Innovation landscape brief: electric-vehicle
smart charging,” International Renewable Energy
Agency, Abu Dhabi, (2019).

21) C.Zhang, R. Sheinberg, S.N. Gowda, M. Sherman, A.
Ahmadian, and R. Gadh, “A novel large-scale ev
charging scheduling algorithm considering v2g and
reactive power management based on admm,” Front.
Energy  Res, 11  (May) 1-14, (2023).
doi:10.3389/fenrg.2023.1078027.

22) S. Deb, M. Pihlatie, and M. Al-Saadi, “Smart
charging: a comprehensive review,” IEEE Access, 10
134690-134703 (2022).
doi:10.1109/access.2022.3227630.

23) K.V. Suhaskrishnan, V. Sruthy, and P.K. Preetha,
“Smart Grid Compatible Universal Electric Vehicle
Charging Outlet to Boost India’s EV Penetration
Rate,” in: INDICON 2022 - 2022 IEEE 19th India
Counc. Int. Conf, 2022: pp- 1-6,.
doi:10.1109/INDICONS56171.2022.10040024.

24) C. Shao, X. Wang, X. Wang, C. Du, and B. Wang,
“Hierarchical charge control of large populations of
evs,” IEEE Trans. Smart Grid, 7 (2) 1147-1155,
(2016). doi:10.1109/TSG.2015.2396952.

25) C. B. Saner, A. Trivedi, and D. Srinivasan, “A
cooperative hierarchical multi-agent system for ev
charging scheduling in presence of multiple charging
stations,” IEEE Transactions on Smart Grid, 13 (3)
2218-2233 (2022). doi:10.1109/TSG.2022.3140927.

26) Z. Moghaddam, 1. Ahmad, D. Habibi, and Q.V.
Phung, “Smart charging strategy for electric vehicle
charging stations,” [EEE Trans. Transp. Electrif, 4
(1) 76-88, (2017). doi:10.1109/TTE.2017.2753403.

27) K. Zhang, “Optimal charging schemes for electric
vehicles in smart grid: a contract theoretic approach,”
IEEE Transactions on Intelligent Transportation

- 2781 -



Study on Power System of EV Bus Depot Charging System and Prospect for Smart Charging Implementation

Systems, 19 9 3046-3058,
doi:10.1109/TITS.2018.2841965.

28) J.J. Astrain, F. Falcone, A.J. Lopez-Martin, P.
Sanchis, J. Villadangos, and I.R. Matias, “Monitoring
of electric buses within an urban smart city
environment,” [EEE Sens J, 22 (12) 11364-11372,
(2022). doi:10.1109/JSEN.2021.3077846.

29) O. Fallah-Mehrjardi, M.H. Yaghmaee, and A. Leon-
Garcia, “Charge scheduling of electric vehicles in
smart parking-lot under future demands uncertainty,”
IEEE Trans. Smart Grid, 11 (6) 4949-4959, (2020).
doi:10.1109/TSG.2020.3000850.

30) A. Kriukov, M. Gavrilas, O. Ivanov, G. Grigoras, B.C.
Neagu, and F. Scarlatache, “Novel decentralized
voltage-centered ev charging control algorithm using
dsrc system in low voltage distribution networks,”
IEEE  Access, 9  164779-164800, (2021).
doi:10.1109/ACCESS.2021.3132419.

31) T. Zhang, X. Chen, B. Wu, M. Dedeoglu, J. Zhang,
and L. Trajkovic, “Stochastic modeling and analysis
of public electric vehicle fleet charging station
operations,” IEEE Trans. Intell. Transp. Syst, 23 (7)

(2018).

9252-9265, (2022). doi:10.1109/TITS.2021.3099825.

32) T. Qian, “Enhanced coordinated operations of electric
power and transportation networks via ev charging
services,” IEEE Trans. Smart Grid, 11 (4) 3019-3030,
(2020). do0i:10.1109/TSG.2020.2969650.

33) S. Deb, K. Tammi, K. Kalita, and P. Mahanta,
“Charging station placement for electric vehicles: a
case study of guwabhati city, india,” IEEE Access, T
100270-100282, (2019).
doi:10.1109/ACCESS.2019.2931055.

34) F. Heider, A. Jahic, M. Plenz, K. Troger, and D.
Schulz, “A generic EV charging model extracted
from real charging behaviour,” in: IEEE IAS Global
Conference on Emerging Technologies (GlobConET,
Arad, 2022.
doi:10.1109/GlobConET53749.2022.9872505.

35) P.Bose, and P. Sivraj, “Smart charging infrastructure
for electric vehicles in a charging station,” Proc. Int.
Conf. Intell. Comput. Control Syst. ICICCS 2020,
(Icices) 186-192, (2020).
doi:10.1109/ICICCS48265.2020.9121010.

36) O. Hafez, and K. Bhattacharya, “Integrating ev
charging stations as smart loads for demand response
provisions in distribution systems,” [EEE Trans.
Smart  Grid, 9 (2) 1096-1106, (2018).
doi:10.1109/TSG.2016.2576902.

37) M. Kam, and R. Bekkers, “Mobility in the smart grid:
roaming protocols for ev charging,” IEEE Trans
Smart  Grid, 14 (1) 810-822, (2023).
doi:10.1109/TSG.2022.3202608.

38) “Living lab smart charging, “Smart charging &
electromobility driving on solar and wind power!,”
(2017).

39) R.C. Wilson, C.L. Dall, and K.S. Smith, “Electrical
network design studies for natural gas liquefaction
plants,” in: Conference Record - IAS Annual Meeting
(IEEE Industry Applications Society, 2006: pp. 287—
292. doi:10.1109/IAS.2006.256537.

40) Y. Haitao, R. Tao, C. Junyi, Z. Yun, C. Junjie, H.
Jiachao, Z. Guofa, and M. Bo, “Usage and application
of power quality monitor on harmonic measurement,”
in: 2018 IEEE 3rd International Conference on
Integrated Circuits and Microsystems, 2018: pp. 212—
216. doi:10.1109/ICAM.2018.8596427.

41) M.A. Golkar, “Electric power quality: types and
measurements,” in: 2004 IEEE International
Conference on Electric Utility Deregulation,
Restructuring and Power Technologies. Proceedings,
2004: pp- 317-321.
doi:10.1109/DRPT.2004.1338514.

42) A. Yani, J. Junaidi, M. Irwanto, and A.H. Haziah,
“Optimum reactive power to improve power factor in
industry using genetic algortihm,” Indones. J. Electr.
Eng.  Comput. Sci., 14 (2) 751 (2019).
doi:10.11591/ijeecs.v14.12.pp751-757.

43) T. Thakur, A.P. Kinge, and S.G. Kanade, “Automatic
power factor corrector using capacitor bank,”
International Research Journal of Innovations in
Engineering and Technology, 8 (1) 196-200 (2024).
doi:10.47001/IRJIET/2024.801024.

44) P. Aji, D.A. Renata, A. Larasati, and Riza,
“Development of electric vehicle charging station
management system in urban areas,” in: Proceeding -
2nd International Conference on Technology and
Policy in Electric Power and Energy, ICT-PEP 2020,
2020: pp- 199-203. doi:10.1109/ICT-
PEP50916.2020.9249838.

45) Riza, Y. Margowadi, P. Aji, D. Priyasta, E. Rijanto,
E. R. Priandana, F. Yusivar, and E. Nurdiana, “A
Design of Smart Charging Architecture for Battery
Electric Vehicles,” in: 2023 IEEE PES Innovative
Smart Grid Technologies Europe (ISGT EUROPE),
2023: pp- 1-5.
doi:10.1109/ISGTEUROPES6780.2023.10408308.

-2782 -





