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Abstract:

The electricity supply of diesel power plant to the village office and library building in Seliu Island Village is still
limited, to overcome the limitations of the power supply, then installed solar electric systems. the electrical system is
installed by applying the principle of utility priority, Village Office and Library Building each using an automatic transfer
switch, Village Office and Library Building will get electricity supply from the solar electric system automatically, if the
power source from diesel power plant is not available. The amount of electricity provided by the solar electric system for
the Village Office and Library Building on Seliu Island is 920 W respectively, or the total power provided is 1840 W.
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I. INTRODUCTION

Seliu Island is a village located in the district of
Membalong, Belitung regency, Bangka Belitung
province, Indonesia, with an area of about
15,300,000 m2, as shown in Fig 1. Seliu villagers
are relying on their economy as fishermen, besides
that Seliu Village is actively developing tourism,
offering its beautiful beaches, its crystal clear
waters, its white sand and exotic granite rocks [1].

Then, while the need for electricity to Island
Village Seliu served by diesel power plant, diesel
power plant is owned by the state-owned electricity
company called Perusahaan Listrik Negara (PLN),
in Indonesia PLN is the company has a sole right in
the transmission, distribution, and sale of electric
power to the consumer [2].

Based on the authors' observations, and
information from Seliu Island Village staff, the
diesel power plant is only able to supply the
electricity needs from 5 pm to 6 am, while PLN will
gradually increase the power capacity of the diesel
plant, hence, from 6 am to 5 pm, the electricity
needs for the Village Office and Library Building
are each obtained using a portable generator,
however the Village Office staff informed that the
use of portable generator was less effective.

Meanwhile, Indonesia is located on the Equator
with sunlight irradiating an average of 4.85 kWh/
mz/day, almost evenly distributed throughout
Indonesia during the year [3], therefore, to meet the
needs of electrical power, when electric power from
diesel power plant is not available, especially for
the Village Office and Library Building in Seliu
Island, as shown in Fig. 2 and 3, then the solar
electric system is implemented.
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Fig. 1. Seliu Island [1]
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Fig. 2. Seliu Island Village office

Fig. 3. Library Building

II. DESIGN

The solar electric system installed in Seliu Island
Village is off-grid, then the basic design of the solar
electric system to be implemented for village office
and library building by considering:

(1) The location of the Village Office and the
Library Building, and the existing power lines
of the diesel power plant. Aim to determine the
placement of solar electric system equipment
and the placement of PV, as shown in Fig. 4.
The electric power from the solar electric
system as a substitute power source when the
power source of the diesel power plant is not
available, or the utility priority.

Using a portable generator, when the power
source of both power sources from the diesel
power plant and the solar electric system is not
available.

The amount of electrical energy needed by the
Village Office and the Library Building.
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Fig. 4. The Village Office and Library Building location sketch
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Sketch of Village office location and Library
Building was obtained through a survey location.
Then, based on sketch locations in Fig. 4 and design
considerations for the implementation of solar
electric system for the Village Office and Library
Building in Seliu Island Village, and then drawn the
layout plan of the solar electric system for the
Village Office and Library Building in Seliu Island
Village, as shown in Fig 5. [2,4,5].

Diesel
power plant

Village Office

Diesel
power plant

Fig. 5. The layout of the solar electric system for the Village Office and
Library Building
Fig. 5 shows that the placement of solar panels
(PV strings) is planned on the roof of the Library
Building, because by considering the following: [6]

(1) Surface area available to install the given size
PV strings.

(2) The solar energy received by PV strings with
maximize
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(3) Shade minimal, especially during the middle of
the day

(4) The strength of structures to support PV strings
and installers

(5) How far will PV strings be from the other solar
electric system equipment.

Furthermore, in Fig. 5 is shown also that the
whole solar electric system equipment is placed in a
room in the Library Building, except for automatic
transfer switch boxes (ATS) for Village Offices,
placed in Village Office Building, because in the
Library Building room beside having good air
ventilation, it is also close to the location plan for
the placement of Solar panels (PV strings). Then is
shown also that the solar electric systems using two
ATS, respectively for Seliu Island Village Office
and Library Building. ATS is a device that
automatically transfers a power supply from diesel
power plant source to solar electric system source
when diesel power plant source is not available
until diesel power plant source is restored [7], as
shown in Fig. 12. Then if the power supply from
the diesel power plant and the solar electric system
are both unavailable, then the power supply is
obtained from the portable generator using the cam
switch manually.

Furthermore, the electrical energy provided for
the Seliu Island Village Office and Library Building
is obtained using equation (1) [8],

E=Pt (1)
Where E is electrical energy in watt-hour (Wh), P is
electric power in watt (W) and t is the duration of
electric power consumption in an hour (h).

The electrical power provided for the Seliu
Island Village Office and Library Building is
determined, each of 920 W or the total power
provided by the solar power generation is 1840 W,
then, the electric power consumption is determined
for 5 hours. Then, using equation (1), the electrical
energy provided for the village office and library
building Seliu Island, respectively 4,600 Wh, or
total energy, Enax, which is provided is 9,200 Wh.

Furthermore, this paper used the equations of the
basics of electrical, as follows [8, 9]:

Vseries = Vi + Vo, + Vo +....+V, 2)

Where Veies 1S the total voltage of several
voltage sources connected in series, then, Vi, Vj,
Vs, and V, are the 1st, 2nd, 3rd and nth voltage
sources respectively.

Then,

Iseries = 11

=L=1=..=1, 3)

Where I 18 the total current of some current
sources connected in series, then, I;, I, Is and I, are

the 1st, 2nd, 3rd and nth current sources
respectively.
Then,

Vparallel =Vi=V, =V; =....=V, “4)

Where Vel is the total voltage of some voltage
sources connected in parallel.
Then,

IParalel: Il+ Iz+ l3++In (5)
Where Il is the total current of some current
sources connected in parallel.

Furthermore, the equation of power can be obtained
by

P=VIpf (6)
Where P is electric power in watt (W), pf is power
factor

A. Photovoltaic (PV)

The maximum power of PV used is determined
at 200 WP (watt peak), whereas the PV
specification is known through a nameplate taped to
the rear of the PV panel, as follows:

1. Maximum power, Pyax: 200 WP

2. Open circuit voltage, Voc: 35.7 V

3. Maximum Voltage Vyp: 30.3 V

4. Maximum Power current, Iyp: 6.61 A

Then, the numbers of photovoltaic needed are
obtained by using equation (7), as follow [9],

PVarray,peak
p Varray -

(7

PVpeak

Where PV 4y is the number of photovoltaic
required, PVaray peak 18 the total maximum power of
the PV uray, PVpeak 18 the maximum power of the
photovoltaic.

And,
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11
PVarray_peak = Emax? n ®)

Where, E;ax is the maximum energy required, " is
the inverter efficiency used is 0.8 [10], and h is the
peak sun within a 24 hour period, assume the peak
sun in the Seliu Island Village is 5 hours [3, 8].
Then,

with the substitution of E.. value, 1 and h to
equation (7), then obtained PV yray peak = 2475 W
Then,

by substitution PVggay peak t0 equation (7), the
number of photovoltaic needed is obtained,

PV uray = 12 panels.

B. Battery

Using a battery with a voltage of 12 V, and a
capacity of 100 Ah, then the battery type is voltage
regulated lead acid (VRLA). The equation for
calculating the number of batteries needed, obtained
by the steps as follows [9],

. v
YBatt_series = —2«

©)
Where XBatt_series is the number of Dbatteries
connected in series, Vi 1S battery system voltage,
determined of battery system voltage is 48 V, Vis a
battery voltage, then obtained the number of
batteries connected in series,

XBatt_series = 4 batteries.

Then,

_ Emax
Ahtotal v
total

(10)

Where Ah (o is the total capacity of the battery
bank, then the total capacity of the battery bank is
obtained,
Ah (ora = 225 Ah.
Then,

1

v Ah
XYBatt_parallel = (M)_
%DOD Ah

(11
Where, XBatt_Parallel is the number of batteries
connected in parallel, % DOD is the depth of
discharge, determined % DOD is 70%, or 0.7, then
the number of batteries connected in parallel is
obtained,

YBatt_Parallel - 3 batteries.

Then, the total number of batteries needed is
obtained through the equation (12),

2Batt = (XBatt_series XBatt_Parallel) (12)
Where XBatt the total number of batteries, d is the
day of autonomy, for the design of a solar electric
system in Seliu Island Village, the number of
batteries used for d = 1 day.
Thus, the total number of batteries needed is

obtained,
Y Batt = 12 batteries.

C. Solar charge controller

Solar charge controller (SCC) used is a type of
photovoltaic charge controller that tracks the
maximum power point (MPPT) of the PV-array,
which provides maximum current for charging the
battery, SCC with MPPT type allows to harvest the
maximum energy available from PV .., and
distribute it to the batteries. The MPPT algorithm
continuously adjusts the PV .,y operating voltage,
s0 PV 4y continues to operate at maximum power
[11].

Furthermore, SCC specifications are used as
shown below [12],
1. Battery system voltage: 12, 24, 48 V

2. PV open circuit voltage: 145 V.

3. Nominal PV 4,y voltage: 64 - 145 V.

4. Maximum charging current: 60 A.

5. Maximum PV input power 3200 W.
D. Inverter

An inverter used in Seliu Island Village to
convert DC voltage from 48 V to pure sine AC
voltage 230 V = 10%, 50 Hz, power factor = 1, the
power capacity of 4000 W [8].

I11. IMPLEMENTATION AND DISCUSSION

The needed number of PV panels is 12 panels,
then the number of PVs connected in series should
consider the SCC specifications, as follows:

(1) The total voltage of the open circuit voltage of
the PV connected in series does not exceed the
SCC open circuit voltage.

(2) The total voltage of the maximum PV voltage
connected in series is not lower than 64 volts,
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but preferably close to 130 volts.
Thus, 12 panels of PV are connected in series-
parallel as shown in Fig. 6.

| Combiner Box } PV-1 PV-2 PV-3 PV-4
| | PVstring 1
| | - _— -
1
|
|
: \
| } PV-5 PV-6 PV-7 PV-8
+ l | PVstring 2
: : - - || i
| PV array }
|
| } PV-9 PV-10 PV-11 PV-12
| | PV string 3
| - ||
1
|
‘ —‘
|
|
|
|
|

Fig. 6. Schematic 12 panels of PV in the series-parallel circuit.

Fig. 6 shows that,

1. PV string 1 is PV-1, PV-2, PV-3, PV-4 are
connected in series.

2. PV string 2 is PV-5, PV-6, PV-7, PV-§ are
connected in series.

3. PV string 3 is PV-9, PV-10, PV-11, PV-12
are connected in series.

4. PV array is PV string, PV string 2 and PV
string 3 are connected in parallel using
combiner. The combiner as shown in Fig. 8.

Thus, the total output voltage of PV string 1, PV
string 2 and PV string 3, using equation (2) is
obtained as follows:

maximum voltage, Viyyp = 121.2 V, respectively,
and,

open circuit voltage, Voc = 142.8 V, respectively.
Then, the total current output from PV string 1, PV
string 2 and PV string 3, using equation (3) is
obtained as follows: maximum power current,

IMP = 661 A

Thus, the output of the PV array is as follows:

1. Maximum voltage using equation (4) is
obtained, Vyp = 121.2 V, and open circuit
voltage,Voc = 142.8 V.

2. Maximum current using equation (5) is
obtained, Iyp = 19.83 A.

3. Maximum power is obtained by substitution
of Vyp and Iyp values to equation (6), thus
obtained, P = 2403 W.

Furthermore, the PV array is mounted on the
roof of the Library Building, as shown in Fig. 7.

Fig. 7. PV array is mounted on the roof of the Library Building
in Seliu Island Village

Then, PV string 1, PV string 2, and PV string 3
are paralleled by MCB 1, MCB 2, and MCB 3 in
the combiner box. Furthermore, the output of the
combiner box is called the PV array connected to
the SCC, as shown in Fig. 8.

PVstring1 PVstring2 PV string 3
+* - + - + -

o 00 b0) [¢) 000 O )
DC Surge
Arrester

|

- MCB 4

MCB: miniature circuit breaker
D: diode

To Solar Charge Controller

Fig. 8. Electrical wiring of PV Combiner
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Furthermore, SCC will charge the battery when
the input voltage of the PV array is 64 V to 121.2
V. And SCC will not be damaged, since the input
voltage of the PV array does not exceed than 145 V.

Then, the output of SCC is connected to the DC
panel, as shown in Fig. 5 and 9, the DC panel
functions are:

1. Connecting the output of the SCC to the
battery bank through a molded case circuit
breakers (MCCB), MCCB 1 and 2, to charge
the battery bank and provide power from the
battery bank to SCC.

2. Connecting the inverter to the battery bank
through MCCB 2 and 3.

From SCC

+ -

_L\ ’ MCCB-1

| MCCB-2

3
J MCCB-3

To Battery bank To Inverter

Fig. 9. Electrical wiring of DC panel

Then, based on the calculation of the total
number of batteries needed, and the number of
batteries connected in series is also connected in
parallel, then, is obtained of series-parallel
connection configuration for the batteries as shown
in Figure 10, called the battery bank.

Battery bank connected to the inverter input
through MCCB2 and 3 in the DC panel. An inverter
is used to convert DC voltage 48 V from battery
bank into pure sine AC voltage 220V / 230 V =+
10% 50 Hz. The inverter has a safety system
features for a low or high battery voltage, when the
battery voltage drops to 42 V then inverter

shutdown, as well as when the battery voltage is 64
V [10].

Battery Battery Battery Battery
12V/100Ah 12V/100Ah 12V/100Ah 12V/100Ah
O+ -G * OO : O+ -GN
Battery Battery Battery Battery
12V/100Ah 12V/100Ah 12V/100Ah 12V/100Ah
O + “O1O+ OO+ SO1T O+ - 04
Battery Battery Battery Battery
12V/100Ah 12V/100Ah 12V/100Ah 12V/100Ah
\q) + -G O+ - + - + - ?/

a8V

To Inverter

Fig.10. Battery Bank for solar electric system
for Village Office and Library Building in Seliu Island Village.

Furthermore, the output of the inverter is
connected to the power distribution input, then in
the power distribution panel the electric current is
divided into two, for Seliu Island Village office and
library building through the MCB 4 A. Then using
equation (6), electric power supplied for the Village
Office and Library Building are 920 W += 10%
respectively, then the total power supply provided
by the solar electric system is 1840 W + 10%, Fig.
11 shows the power distribution panel.

From Inverter

L N

MCB R
250VAC/10A

Eearh Leakage
Circuit Breaker

N C T 2 ] ]

TL o

MCB
250 VAC/4A

Surge Arrester

MCB
250 VAC/4A

Ground - Green \ Yellow

C ) C )
e ) C )

L: Line

N: Neutral

V: volt meter

MCB: Magnetic circuit breaker . B

kWh: kilo watt hour meter T? ATS in the TO ATS "l tr_\e

Village Office Library Building

Fig. 11. Electrical wiring of power distribution panel
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Then, the output from the power distribution
panel is connected to two ATS boxes, each for the
village office and the library building. Fig. 12
shows the ATS.

Diesel power plant Inverter

L — L c—
Switch_1 Switch_2
K { NO K ¥ NC
Ea R I
N N

NO: Normally Open
NC: Normally Closed

a.  Control system of ATS

From diesel power plant From Inverter
L N L N

A Switch 1 A]

Switch 2

[ 5 =f= —f
K K1 K2

Green

D
=y

L : Line

N: Neutral (
K: relay

K1: Contactor 1
K2: Contactor 2

To load
b.  Electrical wiring of ATS

Fig.12. The automatic transfer switch

Fig.12.a. shows, K relay function to determine
contactor coil K1 or K2 are energized, then
contactor K1 to connect/disconnect the power
source from diesel power plant to the load, while
the contactor K2 to connect/disconnect the power
source from the inverter to the load.

The working principle of ATS as shown in Fig.
12 are as follows:

1. If the power supply from diesel power plant is
available, then the relay coil K energized,
consequently through NC switch of relay K,
disconnect power from the inverter into K2
contactor coil, so the K2 contactor coil is not
energized.

And, through the normally open switch of the
K relay, connecting the power from the diesel
power plant to the contactor coil K1, so that
the contactor coil K1 is energized.

Thus, the electrical load gets the power
supply from diesel power plants through the
K1 contactor.

2. If the electricity from the diesel power plant is
not available, the K relay coil is not
energized, consequently through the normally
closed switch of the K relay, connecting the
power source from the inverter to the
contactor coil K2, so that the K2 contactor
coil is energized.

And, through the normally open switch of the
K relay, disconnect the power source from the
diesel power plant to the Klcontactor coil, so
that the K1 contactor coil is not energized.
Thus, the electrical load obtains the power
supply from the inverter through the K2
contactor.

Furthermore, the entire solar electric system is
placed in a room in the Library Building, as shown
in Fig. 13, except for ATS for Village Office, as
shown in Fig. 14.

Furthermore, solar electric systems tested to
supply electricity to the village office and library,
data such as shown in Figure 13 are:

1. Solar charge controller

a. Measurable battery voltage 54.5 V
b. Charging current to battery 12.3 A

ISSN: 2395-1303

http://www.ijetjournal.org

Page 121




2. Inverter
a. Output voltage 230 V
b. Frequency 50 Hz
3. Automatic Transfer Switch
It automatically switches connected to the
inverter.
4. Distribution panel
a. Village Office:
Voltage 230 V, current 0 A, power 0 W.
The current and power show each 0 A
and 0 W, since the Village Office
building is being renovated, so the
electricity supply is turned off.
Furthermore, on July 18, 2018, obtained
data that the electrical energy that has
been used from the solar system of
281.94 kWh.
b. Library Building:
Voltage 230 V, current 0.26 A, electric
power 53.6 W

Fig. 13. The equipment of the solar electric system for Village Office and
Library Building at the Seliu Island Village.
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fer Switch

Fig. 14. The automatic transfer switch and cam switches
at the Seliu Island Village Office

IV.  CONCLUSIONS

The solar electric system is implemented for the
Village Office and Library Building, designed by
applying the utility priority principle using two
automatic transfer switches, each mounted in both
buildings. The Seliu Island Office and Library
Building Office will obtain the supply of electricity
from the solar electric system automatically if the
electric supply of diesel power plant is not available.
Then, if the electricity supply of both sources is not
available, then the electric power is obtained from
the portable generator manually.

The electric supply provided from the solar
electric system for the Seliu Island Village Office
and Library Building is a maximum of 920 watts
respectively.
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