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Abstract: Jakabaring PLTS on-grid with a capacity of 2 MW operates from 6:00 am to 5:00 pm. At 5:00 pm the PLTS

connection to the load will be disconnected and replaced with PLN. If the PLN is off due to damage or during maintenance, a

generator that is operated manually will be used. Problems in the process of combining energy sources from Solar Panels to PLN

require a power target of up to 10 Kva where if the power is fulfilled then the energy source from Photovoltaic (PV) will be

connected to PLN and vice versa. Errors and speed in operation can be minimized by means of automation of the system operating

the power supply to the load by using a PLC (Programmable Logic Controller). Optimization as a step to optimize the electricity
supply in the PLTS area makes it the first source of power generation that is connected to the load, the second order is PLN if
the PLTS has no power output or there is a problem and the third order is generators if PLN and PLTS have no power output.

For this reason, a tool is needed that functions to move the power source alternately using a PLC (Programmable Logic Controller)
as an ATS (Automatic Transfer Switch) process controller, where the tool will work automatically changing the power source if
there is a disturbance that causes it to be unable to supply electricity to the user's load and also as a priority regulator of solar

power sources as the main source of electricity to the load. When transferring loads from one source to another with 3 different

power sources, it is faster and more effective to use an ATS (Automatic Transfer Switch) with a PLC controller compared to

Manual or COS (Change Over Switch).
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1. Introduction

As a country located on the equator, Indonesia has great Solar energy can be used as backup or alternative energy if
potential in managing solar energy to become the main energy  the electricity from PLN is off, but its implementation is not
source for the future with unlimited sources and is also  simple [Fig.1]. The transfer (Switch) from the load to between
environmentally friendly [1][2]. Solar Power Plant, power sources takes 10-15 minutes and vice versa and the
abbreviated as PLTS, is a power plant that converts solar  switch from the PLN source to the backup generator in good
energy into electricity by using several solar cells arranged in ~ condition on the unit takes 20-30 minutes and vice versa.
series and parallel connected directly through an inverter or ~ Operation errors may occur that can slow down and even
via electricity storage to the load [3][4][5]]. damage the equipment. In the case of Human Error Probability,
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the priority list reported error in the complexity of the
procedure is 13.20%, which has been assumed that the
measurement process has different difficulties according to the
duration of the task and the type of work [6][7][8]. This
Human Error Probability affects the supply of electrical
energy that is not optimal to the PLN customer community,
especially in manufacturing process industries such as robotics,
assembly lines, power plants, which will cause a decrease in
productivity [9].
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Figure 1. PLTS Processing System

Errors and speed in operation can be reduced by means of
automation of the system operating the power supply to the
load by using a PLC (Programmable Logic Controller)
[10][11][12]. Optimization as a step to optimize the electricity
supply in the PLTS area makes it the first source of power
generation that is connected to the load, the second order is
PLN if the PLTS has no power output or there is a problem
and the third order is generators if PLN and PLTS have no
power output [13] -[18]. For this reason, a tool is needed that
functions to move the power source alternately using a PLC
(Programmable Logic Controller) as an ATS (Automatic
Transfer Switch) process controller, where the tool will work
automatically changing the power source if there is a
disturbance that causes it to be unable to supply electricity to
the user's load and also as a priority regulator of solar power
sources as the main source of electricity to the load [19].
Programmable Logic Controller (PLC) is basically a computer
specifically designed to control a process or machine. This
controlled process can be in the form of continuous variable
regulation as in servo systems or only involving two state
controllers (On/Off) [20]. Fig.2 shows the control concept
carried out by a PLC.
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Figure 2. Conceptual Diagram of PLC

LC hardware is basically composed of the following four
main components: processor, power supply, memory and
input/output modules [21]-[23]. Functionally the interaction
between the components of this PLC can be seen in Fig.3.
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Figure 3. Components in PLC System

2. Methodology

The research method used is a simulation method by
collecting data from the PLTS Prototype where the design,
when implemented, will function as desired. After that, a
program will be made first on the PLC and then assembling a
PLTS prototype (Fig. 4) conventionally without using a PLC
with its components, then the data is taken for reference for
use and calculations in using a comparator circuit as a voltage
output selector from the solar panel. The time used for data
collection is from 6:00 am to 6:00 pm WIB (Time part of West
Indonesia).
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Figure 4. Design Prototype PLTS System ATS Using PLC

@
2
7
o

The data taken in this study is the maximum output voltage
data of solar panels as the basis for the design and use of DC
voltage sensor circuit calculations, in this case using a
comparator and rectifier circuit [ 14], which will be input to the
PLC whether the switch is on or off which drives Relay to
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connect or disconnect inverter with PLN. The AC to DC
voltage rectifier circuit is used as a sensor for the AC output
voltage on the inverter [15], the PLN input for the load to the
PLC processes its output to activate which voltage source
switch contact will be selected according to the PLC command,
the circuit can be seen in the circuit diagram of Fig. 5.
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Figure 5. ATS circuit diagram using PLC

3. Results and Discussion

The results of research that has been going on for 3
months includes program design and manufacturing of ATS
using PLC for the unit process, with the main source of
electricity being solar power plants and PLN and generators as
backups. When testing this research, there were three tests,
namely the PLC program, testing the main resources and
testing the Automatic Transfer Switch (ATS) design, where
this ATS would function as a PV-PLN switch for the On Grid
system and as a Stand-alone switch, but prioritized resources
from Renewable Energy, namely Solar Power Plants, which if
the source of the energy supply decreases or is in an off
condition it will cut off the connection to PLN on PLTS On

Grid and for the supply of surrounding loads the second source
will be used, namely the electricity source from PLN and If
the main source and second source the off condition, the third
main source will replace both of them, namely the source of
the electric generator engine. If the main source is back to
normal or on, then the two replacement sources, namely the
source from the PLN and the electric generator engine, will be
off, and so on so that there is no load condition that is not
distributed by the power source. The program uses CX
Programmer software which is software for PLCs with the
Omron brand, each PLC brand will have software for
programming according to the one issued by the manufacturer,
in this case the Omron brand PLC type CPM1A-30CDR-A is
used. The test results after being assembled with the
supporting components can be seen in Table 1 and Table 2.

Table 1. Data Mode Test Auto PLC
INPUT
TOGLE PLN
ON PB

OUPUT
GENST  Load
INVERTER SWITCH SWITCH SWICH Lamp.
PV Qut PVOQut

Condition >1volt  <12volt
START STOP  ON OFF ON OFF ON OFF
INVON 1 1 0 1 0 00|01 1
INV OFF 1 0 0 0 1 0 0 0 O 1
PLNON 1 0 0 0 1 1 0 0 0 1
PLN OFF 1 1 0 0 0 01 0 O 1
GENSETON 1 0 0 0 0 00|10 1
GENSETOFF 1 1 0 0 0 0 0 0 O 1
PINONGRID 1 1 0 1 1 1/0(0|0 |
INVONGRID 1 1 0 1 0 00 0 O 1
Table 2. Data Mode Test Manual PLC
INPUT OUPUT

TOGLE Load

ON PB INVERTER PIN GENST Lamp
Condiion START STOP ON  OFF ON OFF ON OFF
INV ON 0 1 0 1 0 0/0([0] 1 1
INV OFF 0 0 0 0 1 0 0 0 O 1
PLN ON 0 0 0 0 1 1 0 0 O 1
PLN OFF 0 1 0 0 0 0/1(0]| 0 1
GENSET ON 0 0 0 0 0 0 0 1 0 1
GENSET OFF 0 1 0 0 0 0 0 0 O 1
PLNONGRID 0 1 0 1 0 0 0 0 O 1
INVONGRID 0O 1 0 1 0 0 0 0 O 1

In Table 1 and Table 2, conditions 0 and 1 are obtained,
where condition 1 in this case is defined as the On condition
on the switch and condition 0 is defined as the Off condition
on the switch.

Main Power Source

The main source of electricity is the source of electricity that
is used if all power sources are normally on standby, in this
case the main source of electricity is a solar power plant. The
solar power plant in the prototype tool here uses 2 solar panel
units connected in parallel with a max output specification of
18 Volts DC and a maximum power of 80 Watts and a max
current of 4.44 Amperes. Parallel connection is used because



DOT: https://doi.org/10.53893/ijrvocas.v3il.200 79

the voltage drop due to shading will be very influential if
connected in series. The position of the prototype is placed in
arow of PLTS Jakabaring solar panels with the same position
and height as the PLTS solar panels. From the measurement
results in Table 3.

Table 3. Data Measurement Prototype PLTS at Jakabaring

DAYA OUPUT PV

'\yp:{” PROTOTYPE INVETER
okage PROTOTYPE

1RRaDIANCE Coperator

DAYA OUTPU T SOUREE

ELECTRIC
PROTOTYPE  PROTOTYPE PLTS PUTS

PLTS PUTS Jakabaring lakabaring
Reactive  Active Reactive

CONNECT
TOLOAD

27/04/2019 ATS-PLC Active Power Power Power Power
(wW/m2) (voLT) (WATT) (WATT) PV / PLN) (watt) (VA) =07 (kW) {kva) w=0707)
06:00 6,3 52 0 10,2 PIN 0 o -5,76 -1,03
07:00 110 14,34 2% 102 PV 26 18382 0,92 8,51
08:00 200 14,34 26 102 v 26 18382 202,68 52,95
09:0 256,5 1503 272 10 PV 272 19,2300 204,48 56,08
10:0 4331 16,35 402 10 PV 402 284214 480,02 53,47
11:00 2559 15,44 27,1 10 2% 271 19,1597 284,57 52,19
12:00 3872 16,02 39 99 PV 39 27,573 462,39 4937
13:00 369,1 1501 36,4 99 % 364 257348 00,9 46,09
14:0 402,9 15,46 38 99 PV 38 26,866 43,71 52,32
15:00 3102 1528 285 99 PV 285 201495 38,73 47,91
16:00 2015 16,03 19,5 99 PV 195 137865 209,06 43,76
17:00 761 12,65 51 99 PV 51 3,6057 3,97 -13,03
17:48 7.6 9,86 0 99 PLN 0 () 6,55 -6,55
18:00 3 4 0 99 PLN 0 0 -5,77 -577

Source: Scada Monitoring PLTS Jakabaring

ATS with PLC

The test of the ATS (automatic transfer switch) which
also functions as AMF (automatic main failure) apart from
moving the voltage source by using a PLC as an input
processor which in this design is the output voltage from the
main source, or in this case it is called the inverter input which
is taken from two points, namely the output of the solar panel
as a shading sensor and the output of the inverter as a driving
force for the switch on when the power is normal or off when
the power decreases, the other input is the voltage taken from
the PLN which will move the switch on if the inverter is off,
then the other input is from the backup generator which will
move the generator on start switch if the PLN is off. The PLC
output will turn on or off according to the input received with
the settings that have been prepared. Based on the results of
testing the design of the tool, the data is obtained as follows:

Table 4. Measurement Voltage and Currents when Switch ATS with Load 10
Watt

Test. Unit Source
Inverter PLN Genset
1 Voltage (Volt) 212.8 219.3 228.1
Current (mA) 472 45.5 43.8
Power(Watt) 10.0 10.0 10.0
2 Voltage (Volt) 211.7 218.7 228.3
Current (mA) 47.3 45.7 439
Power(Watt) 10.0 10.0 10.0
3 Voltage (Volt) 210.1 217.9 2259
Current (mA) 48.1 45.8 443
Power(Watt) 10.1 10.0 10.0
4 Voltage (Volt) 215.2 217.7 228.3
Current (mA) 46.5 459 439
Power(Watt) 10.0 10.0 10.0

The table 4 is the data when there was a transfer of the
power source from the inverter to the PLN, and from the PLN
to the generator, then back to the inverter, 4 tests were made
with a lamp load 10 watt 220 Volt and the table 5 is the data
for measuring the time of movement using a stop watch from
the inverter to the PLN, from the PLN to the generator and
back to the inverter for 4 attempts, with a light load of 100

watts 220 volts..

Table 5. Time data when switching (switch) sources of
electrical energy

KONDISI
INVERTER PLN GENSET TIME
TEST ON OFF ON OFF START STBY ON OFF (SECONQ

1 v v 10
v v v 4
v v 10
v v v 10
v v v 10
(ONGRID) v v 1
(ON GRID) v v 5
2 v v 10
v W v 4
v v v 10
v v v 10
v v v 10
(ONGRID) v v 1
(ONGRID) v v s
3 v v 10
/ v 4
v v v 10
v v 10
10
(ONGRID) ¥ v 1
{ON GRID) v v 5
4 v v 10

v v v E
v v 10
v v v 10
v v v 10
(ONGRID) v v 1
(ON GRID) v v s

Design Analysis PLC Program

Based on the program results, from the leader diagram
after uploading to the PLC, the test results are obtained in
Table 5 where when the selector switch is in the auto position,
the PLC condition will be on and start run and start scanning
Step 1 to the final step, starting on the inverter program path,
obtained : if PV > 12 then input Inv on condition 1 (on), input
inv off 0 (off), input PLN on 0 (off), input PLN off 0 (off),
Genset input on 0 (off), Genset input off 0 (off), input PLN On
grid 1 (on), input Inv On Grid 1 (on), in the On Grid position
then the Inverter output is connected to PLN and vice versa: if
PV <12 then input Inv is on condition 0 (off) , input inv off 1
(on), input PLN on 1 (on), input PLN off 0 (off), input Genset
on 0 (off), input Genset off 0 (off), input PLN On grid 1 (on),
input Inv On Grid 0 (off), in the On Grid position, the inverter
output connection is disconnected from the PLN. The program
has worked according to the prototype specifications, and has
been tested at the Jakabaring PLTS location.

The load analysis of switch displacements on Prototypes
with different power sources was also carried out and can be
seen in Fig. 6.
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Figure 6. Graph of Movement Switch Prototype Power Vs
Load

Analysis of the design with the PLC on the speed of load
transfer in backup operations from PLTS to PLN or backup
generators can be seen in Fig. 7.

Speed of Switch Movement from Load to Electric Source

Time (Seconds) Prototype Vs PLTS

400
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Figure 7. Comparison graph of the prototype and PLTS when
the load is transferred to the power source

From Fig. 6 and 7 can be seen the transfer speed data with
an average of 10 seconds in the PLC program when each
switch moves from one power source to another. When
compared with the manual backup power contained in the
Jakabaring PLTS, if an off condition occurs in the supply, it
takes at least 3-6 minutes, assuming the panel is in front of the
operator's desk until the power supply condition is on, and
further comparisons will be made without using a PLC or
using only COS (Change Over Switch) where all operations
are manual which can take 10-15 minutes until the power
supply is on.

5. Conclusions

Based on the analysis of the design of the PLC program
and the data obtained after conducting research, it can be
concluded that in the morning when the first switch is
connected from PLTS to PLN, it is faster to use the ATS
prototype 1 hour compared to PLTS Jakabaring, with the
difference in active PLTS power for 1 hour before 8:00 of
55.16 kW. In the afternoon when the last switch was
disconnected from PLTS to PLN PLTS Jakabaring was 48
minutes faster than the prototype, with active power remaining
for 48 minutes on PLTS active power of 22.65 kW. In one day
the unused energy at the Jakabaring PLTS averages 77.81 kW.
When transferring loads from one source to another with 3

different power sources, it is faster and more effective to use
an ATS (Automatic Transfer Switch) with a PLC controller
compared to Manual or COS (Change Over Switch).
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