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Abstract— The development of photovoltaic has shown the
maturity of technology. The application can already be used as
a source of electrical energy and is an environmentally friendly
source of electrical energy. The use of PV technology in
Indonesia has developed well for the generation of electricity
for companies or household units as an alternative energy
source. Currently, Indonesia has begun to develop electric car
transportation by using batteries, so that it was need inverter
equipment which change a direct current to the alternating
current. This paper discusses the comparison of power
consumption 125 watts pump by using alternating current
(AC) and direct current (DC) based on solar energy using
photovoltaic (PV). The type PV cell uses a 100-watt peak solar
cell type silicon mounted on a portable basis and parallel
connected. The PV is installed at Semarang region which
connected by battery. The type battery is 100 AH, 12 V. The
battery was connected to motor pump of 125 watts. There are
two motors type which has specification as DC motor and AC
motor. The DC motor should be connected by DC-DC
converter before DC motor pump to increase the requirement
voltage of motor pump while AC motor should be provided by
inverter DC to AC. The pump was connected by piping system
which suction pipe use a diameter of 32 mm and discharge pipe
of 20 mm. The total head for both experiment is 4 m. The speed
of motor was measured as in motor specification. The
operating of PV was at 08.00 am — 16.00 pm. The result of the
power consumption of the DC motor was more efficiency than
by using AC motor. The operation of the battery using DC
motor is about two times longer than AC motor.
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I. INTRODUCTION

The development of photovoltaic has shown the
maturity of technology. The application can already be used
as a source of electrical energy and is an environmentally
friendly source of electrical energy [1]. The use of PV
technology in Indonesia has developed well for the
generation of electricity for companies or household units as
an alternative energy source [2,3,4]. Currently Indonesia
must be prepared the diversification of cleaned energy to
reduce the Green house effect [4]. There are several type of
clean energy include nuclear energy [5], wind energy,
energy of water fall, hydrogen energy and solar power.
Hydrogen energy was converted into electricity by using
fuel cell [6] while solar power was into electricity through
photovoltaic cell [1]. Photovoltaic cell converted solar
energy into electricity of direct current which has relatively
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low voltage each of panel. The equipment should be
installed series or parallel to produce the certain voltage.
Usually photovoltaic system was equipped with battery as
storage energy due to the sun power was available in half
day while the electricity should be one day operation full.
Fig. 1 show the schematic diagram of the photovoltaic (PV)
which was conneted by battery as power electric generation

[7].
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Fig. 1. Schematic diagram of photovoltaic (PV)[7]

Schematic diagram as in Fig. 1 consist of two panels
PV, solar charger controller (SCC), battery and pump motor
as load. The function of the panels PV is to convert solar
energy into electric direct current, SCC is to control the
current enter to the battery and battery is as storage electric
energy. This paper discussed the comparison power
comsumption 125 watts pump by using AC and DC based
on solar energy. The discussion is about using panel PV
which intalled in Semarang region, Central Java Indonesia.
The altitude of Semarang city is around 0 — 350 m above sea
level.

II. METHOD AND EQUIPMENT
The specification of the photovoltaic (PV) as follows:

TABLE L. PV SPECIFICATION

No Type Note

1 Photovoltaic Monocrystalline silicon




2 Maximum Power 100 W . . Panel to SCC SCC to battery
Intencity | Temp. |  Ambient Humidity . .
3 Voltage at Pmax 18.1V time |:8h}“:;‘ ‘PV) tem;zer?ture %) voltage | current il:::;t voltage | current S::::;
wimt) | c o]
4 Current at Pmax 55A v) A (Wh) v) (A (Wh)
— 0800| 5257 | 475 | 3438 57% 124 | 65 | 803 | 123 | 64 | 784
3 Open-circuit voltage 222V 0900 7770 | 476 | 347 55% 17 | 71 | 898 | 126 | 70 | 879
6 Short circuit current (Isc) 6.00 A 1000] 9445 | 439 | 340 5% 128 | 93 | 190 | 127 | 92 | 1166
i i 1100] 8305 | 479 | 37 S6% 132 | 91 | 197 | 130 | 90 | 1168
7 Dimension surface 1020x670 mm2 00| 758 | 475 | 383 57% B33 | 87 | 8| 11 | 86 | 1119
3 Operating temperature 1530 C 13.00] 6098 | 444 | 375 59% B33 | 78 | 1033 | 132 | 77 | 1007
1400| 4395 | 389 | 363 0% 133 | 63 | 837 | 132 | 62 | 817
5500 2765 | 385 | 348 0% 132 | 35 | %57 | 131 | 34 | 46
.- . . 1600 2880 | 352 | 338 63% B1 | 19 | 29 | 131 | 18 | 135
The auxiliary equipment includes solar charge

controller (SCC), Battery Valve Regulated Acid (VRLA)
100 AH, 12 V. Digital multimeter, Thermohygrometer, DC
clamp meter, Irradiance meter. SCC is used to control the
current entering the battery and the power supply breaker
from PV when it was full. It can arrange the current and
voltage to battery so it can protect the damage and improve
the life of battery. The inverter direct current (DC) to
alternating current (AC). It used to convert DC to AC which
has voltage output around 220 V as it needs for pump motor.
The booster DC to DC which used to increase DC voltage
until DC pump motor running as motor specification around
48 V while battery output is 12 V. The voltage from battery
must increase to achieve the motor rotation of 3000 rotation
per minutes (RPM). Two motor pumps are used to drive the
pump which waas evaluated the power consumption. The
pump specification is 22 liters perminutes output and the
total head of 43 meters. The AC motors 220 V, 300 watts
input and output 125 watts, 3000 RPM. The DC motor input
125 watts, 12-48 V, 3000 RPM The specifications of rature
surrounding PV. Irradiance meter was used to measure the
sun radiance that hit the PV. Fig. 2. shows the diagram of
circuit PV which was connected by electric DC motor
pump. The circuit consist of the PV panel, SCC, Battery 100
AH, 12 V, booster DC to DC, and DC motor pump as load.
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Fig. 2. The circuit PV which connected by DC motor pump.

III. RESULT AND DISCUSSION

The result of intensity measurement of sunshine and
current from PV are presented in the table as follow.
TABLE I shows the intensity from time 08.00 until 16.00.
The PV was intalled by a parallel panel at Semarang. The
altitude of the Marina Beach is around 7.5 m - 450 m above
sea level.

TABLE II. Intensity and current of parallel PV at Semarang
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TABLE 1II show at time of 08.00 the intensity of light
sun 525.7 W/m?, temperature of panel 47.5 C, ambient
temperature of 34.8 C, humidity of 57 %, panel PV produce
voltage of 12.4 V, curent of 6.5 A. It is equal power of 80.3
W, while measurement voltage and current from SCC to
battery are 12.3 V and 6.4 A respectively. It is equal power
of 78.4 W. The power from panel to battery decline due to
power change into heat through wire in the SCC and
external wire [8]. The maximum of sun intensity is at 10.00
o’clock, it produces sun intensity of 944.5 W/m? and the
energy enter in the battery of 116.6 Wh. The energy enter is
still high at 11.00 o’clock about 116.9 Wh due to the
temperature of the panel at 11.00 is higher than at 10.00.
Thus the temperature of the panel also affect the energy
supply to battery [1]. The application of energy battery as
long as operation AC pump motor is in TABLE II. The
battery is not connected with PV panel

TABLE II ENERGY OPERATION USING AC MOTOR PUMP

s0c DOD Battery to Inverter Inverter to pump motor Energi
Time () (%) | voltage | current | power | current | voltage | power | battery Note
) W lwml @ M| W W
start [100%| 0% | 12,9 - . -l m | - 1200 | NoZLoad
1600 | 69% | 31% | 1231 | 202 |2487| 11 | 20 | 242 | %7 | sating
1700 | 41% | 50% | 1180 | 228 | 2701 | 12 | 218 |2s51| 586
18.00 | 21% | 70% | 1151 | 234 |2603| 12 | 219 | 2584 2393
19.00 | 0% |100%| 1029 | 252 |2593| 11 | 220 | 64| O End
TABLE II shows the capacity battery without

connected by PV panel. At start time the energy battery drop
about 31 % of the capacity battery. Total energy battery 100
AH, 12 V is 1200 Wh. The energy was taken by AC motor
pump to overcome the friction in the part of the motor itself
and heat losses in the wire motor [8]. The available energy
battery is about 69 % or about 799.7 Wh. After operation
one hour the energy battery is 528.6 Wh. The battery
operation can achieve about three hours. The operation of
battery use DC motor can be seen in the TABLE III.

TABLE III shows the energy battery without connected
by PV panel. The operation start at 16.00 o’clock. The
starting energy operation is about 26 % . It is less than using
AC motor pump. At 16.00 energy in the battery is available
about 880 Wh. After one hour pum operation energy battery
is still 744.06 Wh or 62 % total battery capacity. The
operation of battery can achieve 6 hour operation. The using
of DC motor can reduce energy operation than using AC
motor. The comparison of operation DC motor and AC



motor pump without connected by PV panel can be seen in
the Fig. 3

TABLE III ENERGY BATTERY USING DC MOTOR PUMP

DOD

s0c Battery to pump motor DC Energy
Time (%) | current | voltage battery | Note
% ower ’
” R L)
No
Start | 100% | 0% 389 1200
Load
16.00 | 74% | 26% 33 38.5 127,05 380 Starting
17.00 | 62% | 38% 3,54 384 135,936 744,064
18.00 | 31% | 49% 3,54 384 135,936 608,128
19.00 | 40% | 60% 345 384 132,48 475,648
2000 | 30% | 70% 34 384 130,944 344,704
2100 | 18% | 82% 34 384 130,944 213,76
2200 | 7% 93% 3,36 384 129,024 84,736 End
load battery as long as operation pump
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Fig. 3 Comparison batery operation using AC dan DC motor pump
without PV panel

Fig. 3 show the comparison of operation battery using
AC and DC motor pump without connected by PV panel.
The energy operation battery using DC motor pump can
reduce application electric consumption of energy battery.
The Fig. 3 show the operation of DC motor can operate until
6 hour operation while the AC motor pump is only three
hours. Fig. 4 shows the energy consumption of AC and DC
motor pump which connected by parallel PV panel.

comparison SOC battery as long as operation
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Fig. 4. Comparison SOF battery which conneted by AC and DC
motor pump and parallel PV pannel

Fig. 4 show the comparison of SOC (state of charged)
battery using AC and DC motor which connected by parallel
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PV panel. The operation battery using DC motor pump is
longer than AC motor pump. The operation battery can
achieve 8 hours and in the battery is available about 42 %
SOC, while the AC motor pump is only the operation of 5
hours and available energy battery is 0 %. It real that the DC
motor pump can save the operation of the energy. The AC
motor is no saving energy due to the losses of the wire into
heat and fricton of the part element of the motor [1,8].

IV. CONCLUSION

Several conclusion can be taken as following

1. The charging of parallel panel can be maximize at
around 10.00 — 11.00 o’clock. The maximum energy
battery at 11.00 is higher than at 10.00 although the
intencity sun shine is lower than at 10.00 o’clock. It is
caused by the surface panel temperature at 11.00 is
higher than at 10.0 o’clok

The using of DC motor pump can reduce the
application of energy battery.

The energy battery of DC motor pump which
connected by using parallel two panels can increased
the life charging battery and reduce the energy
consumption.
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