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Abstract. Solar energy is one form of the
renewable energy which is very abundant in regions
close to the equator. One application of solar energy
is for street light. This research focuses on using the
maximum power point tracking technique (MPPT),
particularly the perturb and observe (P&O)
algorithm, to charge battery for street light system.
The proposed charger circuit can achieve 20.73%
higher power efficiency compared to that of nonMPPT charger. We also develop the LED driver
circuit for the system which can achieve power
efficiency up to 91.9% at a current of 1.06 A. The
proposed street lightning system can be
implemented with a relatively low cost for public
areas.
1 Introduction
The power source for street light in Indonesia are
mainly still provided from the grids which are
supplied mostly by non-renewable energy sources
such as fossil fuels. There are several alternatives of
renewable energy source [1-5] that can be used for
street light in public areas. One promising source of
renewable energy in Indonesia is the sun which is
available throughout the year. However the price of
the sun energy is still high compared to the power
from fossil fuels [6]. This high price is driven largely
by the cost of the solar panels, the batteries, and the
charging controller circuits. In this research we
focus on the charging controller circuit for street
light system using solar panels, in an attempt to
develop a good performance charging controller
with relatively low cost
Solar panel systems still have two problems, the
conversion efficiency from the solar panel itself is
still
small (smaller than 17% when the irradiation
condition is low) and the power supplies from the
solar panel keep on changing which depends on
the weather condition (sun irradiation and
temperature). The relation between voltage,
current, and power supplied by the solar panel can
be
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depicted in V-I curve (Voltage-Current) and V-P
curvE(Voltage-Power) which is a non-linier curve
depending on irradiation and temperature. Both
curves
have a maximum peak which is often called as
Maximum Power Point (MPP) [7]. The position of
the MPP point is varied over time depending on the
sun irradiation and temperature condition. This MPP
point can be found by using Maximum Power Point
Tracking technique (MPPT)
Corresponding author: steff@binus.edu
The goal of this research is to make a system that
can be used to charge a battery during noon day
through solar panel and use the battery to turn on
the street light in the night, so this system will
independent from the nonrenewable energy and
completely detach from the
main power grid (off grid). In this research, we
use solar panel model type SPU-50P with
maximum output power 50W that available in the
market. Moreover, the system that is offered
should be less expensive
compared to the ones that are available widely in
the market2 Experimental Setup
The methodology used in this research is depicted
in Figure 1. The components were selected based
on the performance and the price. The circuit was
designed and simulated using the MultiSim
simulation software [9] based on the selected
components. The components selection and
circuit design were done in multiple iterations
where the simulation results at each iteration
were tested with the desired performance. The
resulting circuit design is then assembled and
evaluated also iteratively in order to obtain the
expected function and performance.
The photograph and the diagram block of the
experiment setup for maximum power transfer
evaluation are depicted in Figure 2. This experiment
was intended to evaluate the power transfer of the
charge controller, that is, whether the controller can
maintain maximum power transfer or not. The
maximum power transfer occurred when the resistor
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in series with the power supply has the same
resistance as the input impedance of the charge
controller. The maximum power transfer condition
occurs when the charger input voltage is half the
power supply output voltage. The MPPT algorithm
that was being used in this experiment is the Perturb
and Observe (P&O) algorithm [10-13] implemented
in the charge controller.

voltage and current output of the boost converter
for LED driver with
3 Results and Discussion
3.1. Maximum Power Transfer Experiment
To measure the power transfer, a series resistor was
used as the output internal resistance of the
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According to Floyd [14], maximum power transfer
could be calculated theoretically by using this
equation:

(1)

where Pmax is the maximum power, VR is the voltage
across the resistor, and R is the resistor value which
was 40 Ohm. VR can be calculated when maximum
power occurred happened, that is when VR is half of
the power supply voltage VPSU

No

Figure 1. Method of the research.
.

performance of the charging controller, first we
use variable power supply to as power source to
measure circuit performance on several voltage
range, then we replace it by solar panel. In
figure 3 show power transfer performance
across input voltage ranging from 14V – 32V,
this condition from dark cloud to sunny shine
shines. We compared the P exp.result with the power

calculated from the equation Pequation which is the power
dissipated by the series resistor. We found that the power
on the charge controller
Pexp result closely follows the
power on the resistor Pequation.

(a)
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Power Supply

Charge
Controller

Battery

Figure 2. (a) Photo and (b) System wiring used in
experiment.
Experiments were caried out to measured
characteristics of the charge controller which are
the maximum power transfer versus the solar
panel rating, the efficiency comparison between
MPPT and non-MPPT charge controller. The
experiment also measured the stability of the
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calculation, and the power obtained from the
charge controller against sun light luminance.
3.2. Experiment between Actual Output Power
vs Solar Panel Rating

The abscissa in figure 4 shows the sun light

ICASCE
2013
This experiment is intended to compare the
luminance in hundreds of lux, measured using lux
power that the charge controller received with the
meter. The ordinate of the figure shows the power
power that the solar panel supplied. As in the first
difference (in percentage) between the theoretical
experiment, the power received by the system is
maximum solar panel output power
displayed on the LCD. The power produced by
and the power received by the charge
the solar panel was obtained from Fill Factor (FF)
controller, showed on the LCD.
rating of the solar panel. According to California
The power loss is from 5.23% to 9.74%, it is
Scientific Inc. [15], we can use the following
mean that maximum power transfer efficiency
equation to find the value of maximum power:
from MPPT system compare to maximum solar
panel rating is 94.77%. This variation of power
difference can be due to the assumption that the
(2)
FF value is unaffected by change in temperature.
From the measurement the FF value should
where Pmax is the maximum power which can be
decrease in low temperature condition and
produced by the solar panel (in watt), Voc is the
increased in high temperature condition.
open circuit voltage from the solar panel (in volt),
Isc is the short circuit current from the solar panel
(in ampere), and FF is the constant obtained from
3.3. Experiment between MPPT Technique
the solar panel datasheet (in percentage), which is
and non-MPPT Technique on Charge
75.11%.
Controller with the Supply from Solar Panel
Parameters of Voc and Isc is measured directly
from the solar panel and FF was obtained from
This experiment objective is to compare the
the datasheet. Therefore the maximum power
output power from the solar panel by using
transfer produced by the solar panel could be
MPPT technique and nonMPPT technique.
calculated. This theoretical maximum power
Non-MPPT means that the solar panel is
value is compared to the power received by the
directly connected to the battery without
charge controller (not the battery). The difference
charge controller. The experiment set for this
between the power produced by the solar panel
experiment is depicted in Figure 5.
and power received by the charge controller is
The charge controller will maximize the
depicted in the graphic as seen in figure 4. The
power transfer from the solar panel and use it
power loss and the power dissipated by charge
to charge the battery. The technique used to
control circuit is 1,100 mW.
look for the maximum power from the solar
Figure 4 shows the differences between
panel is MPPT which was used in the previous
theoretical maximum power transfer obtained
two experiments. The output power from the
from the calculation and the power obtained from
solar panel or the input power of the charge
the charge controller for various values of sun
controller was measured and displayed on the
light luminance on the solar panel.
LCD.
The output power from the solar panel was
measured using a multi-meter. The power
differences (in percentage) versus luminances
are depicted in Figure 6.
The minimum power difference between MPPT
technique and non-MPPT is 15.649%, and the
maximum power difference is 24.678% with an
average of 20.73%. The data obtained was better
than the previous research [16] where average
power difference was only 15.04%. This is
because the previous research only applie
d buck converter, while in this research we used
Figure 4. Graphic of the differences between
buck-boost converter. This result is good, for
maximum power transfer obtained from the
common MPPT controller give result 10% - 15%
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higher than PWM controller[17]. This converter
works even when the voltage of the solar panel is
lower or higher than the battery voltage.

3.5. LED Driver Efficiency Measurement
This experiment objective was to show the
efficiency of the LED driver. The efficiency is
found by dividing the measured output power by
the measured input power. The output power is the
power consumed by the three string LEDs, while
the input power is the power that was consumed
by the LED driver from battery, the LED driver
efficiency result shows in Figure 8.

Charge
Controller
Battery

Battery

Figure 5. Diagram block of the system using MPPT
technique (left) and directly technique (right).

3.4. Evalution of Boost Converter with
Varying

Figure 7.Output current vs.input voltage.
The minimum efficiency of the LED driver is
89.7% and its maximum efficiency is 91.9%.
There were 10 measurements taken within 1 hour.

EPJ
Web
of
Conferences
The efficiency can only reach 91.9% because there
Input Voltage, the Output V and I are Constant
This experiment objective is to evaluate the output
was a power loss due to power taken by the LED
current of the LED driver with varying input
driver circuit.
voltage. In this experiment and the various input
voltages are generated by a variable power supply.
The three string LED was driven with a current of
350 mA and the total output current is 1.05 A. The
result of the experiment can be seen in Figure 7.
The ordinate shows the total output current
(Iout) flows through the three string LEDs, while
the abscissa shows the input voltage from the
power supply. The minimum input voltage is 9.21
V so that the boost converter can produce the
desired output current.
Figure 8.Efficiency of the LED driver.

4 Conclusions

Figure 6.The power difference (in percentage)
towards luminance
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This research has developed a street light
system for public area using solar panel and
dried battery/cell as the energy storage. Energy
efficiency to this system obtained by utilize
solar panel to battery charging circuit using
MPPT, and using LED and high efficiency
LED driver circuit. The implementation of the
MPPT technique in the solar panel to battery
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charging controller has power transfer
efficiency up to 94.77%, we measure this from
the maximum power that can be produced by
the solar panel to energy for charging battery.
Using white warm high power LED give us
high efficiency energy transfer from electric to
light, and LED driver circuit give efficiency up
to 91.9% from input power to power LED. To
achieve more efficiency we must change LED
driver circuit with synchronous buck-boost,
some research says it may give up to 98%
efficiency. This low cost system is beneficial
for the government to build green energy
renewable-power street light for public areas.
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