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Abstract

Maximum power point tracking (MPPT) and battery charging control are two important functions for a solar battery charger. The
former improves utilization of the available solar energy, while the latter ensures a prolonged battery life. Nevertheless, complete
implementation of both functions can be complex and costly, especially for low voltage application such as standalone street lamps.
In this paper, the operation of a solar battery charger for standalone street light systems is investigated. Using only one voltage
sensor, the solar charger is able to operate in both MPPT and constant voltage (CV) charging mode, hence providing high
performance at a low cost. Using a lab prototype and a solar simulator, the operation of the charger system is demonstrated and its

performance under varying irradiance is validated.
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I.  INTRODUCTION

Solar energy has received much attention due the fact that it
is abundant, free and clean. Solar energy systems can generally
be categorized into i) standalone PV systems which consist of a
PV panel, battery and load; and ii) grid connected PV systems
which feed additional power to the grid. Standalone PV
systems are essential as they provide a power solution for
remote and isolated areas which are unreachable by grid. A lot
of applications involving solar energy as the sole power source
have been developed to reduce the dependency on
conventional energy sources. For example, street light systems
consume up to 40 billion kwWh of electricity annually [1].
Therefore, there is a huge potential for the use solar energy in
powering these systems. By incorporating batteries and power
electronics converters into solar street light systems, solar
energy can be stored in the batteries during the day and used
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for powering the lamps during the night. Despite the
attractiveness of solar street lamps, there are several major
drawbacks, i.e. high installation cost and intermittency of solar
irradiance. In terms of cost, solar street lights cost almost 2-4
times more than conventional systems [1]. The intermittency of
solar irradiance, on the other hand, reduces the reliability of the
system and has to be mitigated via oversizing the batteries and
solar panels [2]. This also contributes to the high cost.
Nevertheless, studies indicate that solar street lights can be a
better solution in the long run in term of cost and
environmental impact [1], [3], [4]. As a matter of fact, solar
street lamps have been quite a successful solar product and a
good selection of products is commercially available as shown
in Table I.

Fig. 1 shows the typical components of a solar street light
system. For a sustainable operation, the battery needs to be
large enough to sustain operation over bad-sun-days, such as
during rainy season. This leads to the need for increasing the
size of both the solar panel and the battery. As a matter of fact,
based on Table 1, it has been found that the solar panels of
commercial solar street lights have a rated power that is 4-7
times the lamp’s power consumption, and that a high capacity
battery to allow autonomous operation for up to 2-4 days.

In the past, various studies related to the technical
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Fig. 1. Standalone solar street Iightgystem configuration.

TABLEI
VARIOUS SOLAR STREET LIGHT SYSTEM SPECIFICATIONS
Philips  Sollatek PCA Hollandia
S80-HE Suntron
System Model AP8 26-SOX X-ST 30 18W
LED
PV panel, P,, (W) 130 2x85 2x80 75
ia(t;e;)y Capacity, g, 110 2x55 100
System Voltage (V) 12 12 24 12
LED lamp (W) 29 26 30 18
Operation hours 10 10 8-10 10-12

optimization of solar street light applications have been
reported [5]-[7]. Even though there are many works dedicated
to the development of solar battery chargers, most of them
focus on large scale power generation and high voltage
applications [8]-[12]. As a result, most of the proposed systems
involve the use of multiple sensors and complex algorithms
which are not suitable for low voltage low cost applications. In
this paper a simple solar battery charger system, suitable for
standalone solar-driven low voltage applications such as solar
street light systems, is studied. Using only one voltage sensor
at the battery terminals, the charger is able to execute good
performance MPPT and charging control. As a result, it is able
to provide a low-cost and robust solution.

This paper is organized in the following manner: Section Il
first provides a review of solar battery charger control, with an
emphasis on various battery charging control and MPPT
methods. Section 11 presents an analysis on the single sensor
battery charger control investigated in this paper. The operation
of the proposed solar charger, including the transitions between
the MPPT and CV modes, are explained in detail in section IV.
In order to validate the suggested system, experimental results
together with discussions are provided in Section V. Lastly,
conclusions are stated in Section VI.

Il. REVIEW ON SOLAR BATTERY CHARGER
CONTROL

There are two important control tasks for solar battery
chargers, i.e. battery charging control and MPPT. Charging
control is important for prolonging the battery lifespan, while
MPPT is crucial for maximizing energy conversion and
reducing the battery charging time.

1 CC-mode
Vreg e T i
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>
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Fig. 2. V and | changes in three stage charging method.

A. Battery Charging Control

The continuous process of charging and discharging
without an appropriate control can shorten the battery lifetime.
Over the years, various types of battery charging systems
have been developed for use with solar applications [13]-[16].
Among them, the three-stage charging method is said to be
the most suitable method for photovoltaic applications [17].
The changes in voltage and current throughout the charging
process are illustrated in Fig. 2. In this method, the battery is
first charged in the constant current (CC) mode where the
charging current is limited to around 0.2 to 0.5 of its capacity
until the terminal voltage reaches the regulating charging
voltage, V4. Then, the battery is charged in constant voltage
(CV) mode with the terminal voltage maintained at V.
After the battery is fully charged, trickle mode is applied
where the battery is charged with a voltage slightly below
Vg to compensate for the battery self-discharge losses.
However, for lead acid batteries, self-discharge rate is low
when compared to other battery technologies i.e nickel-based
batteries [18]. Thus, the effect of the trickle charge mode is
insignificant.

B. MPPT and Reduced Sensor MPPT

MPPT is an important issue in solar energy conversion and
a comprehensive body of literature has been dedicated to its
development [19]-[31]. Among the many MPPT algorithms,
the Perturb and Observe (P&O) and Hill Climbing (HC)
methods are the most commonly used due to their simplicity
and satisfactory results [19], [20], [26]. For better
performance, particularly in reducing steady state power
oscillations, Incremental Conductance (InC) method is
preferred [21]. In addition, more complex and
computationally heavy algorithms such as Neural-Network
(NN) and Fuzzy controllers have also been introduced [22],
[27]. Even though these methods promise more accurate and
reliable results, their complexity and long iterations make
them not practical for low cost applications.

Instead of going for performance, some MPPT methods
focus on reducing cost by reducing the number of sensors.
Reduced sensor MPPT has been proposed in many previous
studies in an effort to provide low cost and simpler MPP
tracking systems. [24], [28]-[31] proposed reduced MPPT
algorithms at the PV panel side. Either PV voltage or PV
current parameter is used to estimate the value of the power
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generated by PV panel. On the other hand, [23] introduced a
MPP tracking algorithm via output parameters i.e load power,
load voltage and load current. By comparing these three
parameters, the load current parameter tracking has the
highest MPPT efficiency. Shmilovitz (2005) has initiated a
lot of research on load current MPPT. In [25], the
conventional load current MPP was improved by adding an
adaptive step size and adaptive perturbation frequency to
further improve the efficiency of the algorithm. In another
work, the load current MPPT algorithm was introduced in
solar battery charging system which further reduced the
whole system cost and complexity while providing similar
system performance when compared to conventional systems
[32]. However, the load voltage MPP tracking algorithm has
not been further explored. This paper explored the use of the
load voltage MPP tracking algorithm in solar battery
chargers.

I1l.  SINGLE SENSOR SOLAR BATTERY CHARGER

For standalone solar street light systems, such as those
listed in Table 1, a large battery is matched with a relatively
small PV panel. Assuming that an ideal power converter is
used, a maximum charging current, Iyax occurs only during
MPP and generally should not exceed 0.2 of the battery’s
capacity. This constrain can be expressed in terms of the
panel power, P;, and battery capacity, C as:

P <0.2C (&)
batt

Based on Table 1, it is found that Iy varies from 0.06C to
0.12C, which satisfies constrain (1). This shows that even at its
best performance, PV panel is unable to deliver a maximum
charging current to the battery. Since the system never exceed
the maximum charging current, the need for current control in
the charging algorithm can be eliminated. Thus, the
conventional three-stage charging method can be modified by
replacing the CC-mode with MPPT mode and eliminating the
third charging stage, i.e. the trickle charging stage. This gives
rise to the MPPT-CV charging method, which eliminates the
current sensor at the battery side. During MPPT mode, the
system extracts the maximum power from the solar power and
maximizes the charging current to speed up the charging
process. When the battery voltage reaches V., the system will
then transit into CV mode to avoid overcharging.

Since only the battery voltage sensor remains, a MPPT
technique utilizing the load voltage parameter is applied. Here,
an output voltage sensing MPPT technique is adopted for the
solar charger. As a result, both the MPPT and battery charging
control can be achieved by utilizing only one voltage sensor at
the battery terminals. The concept of a single output voltage
sensing MPPT is explained here. First assume that the battery
charger is an ideal power converter, i.e.:

IMAX =

P = Fout =Vhlp )

From (2) the changes in the input power and output power
with respect to the duty cycle D can be represented by:
c;i _d(1pVh) )
D dD
The dynamic battery model [33] is used to model the
lead-acid battery here. The model consists of a voltage source,
E in series with an internal resistance, R;,. Note that R,
represents the resistance due to the ESR and other stray
resistances exist between the charger and the battery. Thus,
the battery voltage, V,, and current, I, can be expressed as:

Vb = E+ Ry 4)

where both E and R, are functions of the state of charge
(SOC), which depends on the charging current:

SOC = SOC;pgiay +M ®)
Cnorm
In the short period of time during MPPT, the change in the
SOC is negligible. Therefore, E and R;,; can be considered as
constants. Thus, taking the derivative of I, with respect to the
duty cycle D will yield:

diy 1 (dv, ©
db Ry, \ dD
Equation (2) can be expanded into:
dR _ V,dl, N 1,dV, ™)
db dD dD

Substituting (6) into (7) gives the following equation:

dRy _ |b+v_b vy (8)
dD R, ) dD

Since all of the parameters in the brackets are always
positive, the change in P;, with respect to D is proportional to
the change in V}, with respect to D. Hence, the MPP can be
tracked with a concept similar to the HC method, with the
aim of maximizing the battery terminal voltage instead of the
PV power.

IV. SYSTEM ANALYSIS

A. Buck Converter as a Solar Battery Charger

In a solar street light system (Fig. 1), a DC/DC converter
serves as the battery charger and performs the charging control
and MPPT. Among the many DC/DC converter topologies
available, buck converters and boost converters are considered
to be the simplest converters in their class and they exhibit high
power conversion efficiency [34]. Boost converters are well
suited in PV systems with series connected batteries which
have a voltage that is higher than Vpy [35]. In low voltage
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Fig. 3. Buck converter as solar battery charger.
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Fig. 4. Changes of duty cycle effect on PV panel operating point.

applications such as solar street lights, buck converter topology
is preferred. Here, a solar battery charging system using a buck
converter is considered.

It is worth mentioning that the major drawback of the buck
converter is that once V;, falls below the battery voltage, the
solar panel will no longer be able to charge the battery.
Nevertheless, this can be avoided by having a higher rating PV
panel, which is common for solar street lamps as observable
from Table I. A schematic for a solar battery charging system
using a buck converter is illustrated in Fig. 3. A reverse block
diode (D) is added to ensure unidirectional current flow to the
battery. Since D, causes a constant voltage drop, it is placed
before the voltage sensor to avoid any errors in battery voltage
measurement.

The operation of the battery load connected to a solar panel
via a buck converter can be illustrated using a power-voltage
(P-V) curve, as seen in Fig. 4. It should be mentioned here that
instead of showing the input P-V variation (from the solar
panel’s perspective) as with most studies, the analysis here is
done from the battery’s perspective, i.e. the output P-V
variation is shown. This is because the output parameters,
particularly the battery voltage, are more important than the
input parameters in this case. Analysis from the output end will
facilitate better understanding of the battery’s condition,
particularly for transitions between MPPT and CV modes.

From (2) and (4), the battery’s load characteristic can be
described by:

M —E) ©
int

This is practically a quadratic line on the P-V plot with the
x-axis intercept being E, as indicated by the dotted line in Fig.
4. Due to the presence of a buck converter, the P-V curve of
the solar panel as seen by the battery is a function of D.
Under constant irradiance, increasing D shifts the curve to the
right, while reducing D moves it to the left. Since the
converter is assumed to be ideal, the maximum power

I:’out = Vb

Buck
converter

4|
Viimit

Fig. 5. Control block for the developed solar battery charger.

Battery

PV

remains the same regardless of D.

The operating point of a solar panel depends on the
intersection between the load line and P-V curve of that solar
panel. At point 1 (D=100%), the battery is considered to be
directly coupled with the PV panel and the operating point
lies on the left side of the MPP. The operating point can be
shifted to the MPP (point 2), by decreasing D to 50%, to
harvest the maximum power from the panel. If D is further
decreased to D3, the operating point shifts to the right of the
MPP (point 3) and the battery harvests less power from the
PV panel.

It is worth noting that when not operating at the MPP, there
are two possible cases for the operating point. Either it is on
the left of the MPP (operating point 1 in Fig. 4), or it is on the
right of the MPP (operating point 3 in Fig. 4). As a matter of
fact, there can be two different values of D which give the
same power and same battery voltage, with the system
operating on different sides of the MPP. For the hill climbing
method with a fixed step, operation on the left of the MPP
gives lower power oscillation than operation on the right of
the MPP. This is due to the lower steepness of the P-V slope
on the left than the right of the MPP. Hence, the system
should try to operate on the left of the MPP whenever
possible.

B. Operation in MPPT Mode

Fig. 5 shows the control block for the developed solar
battery charger. The system continuously updates the battery
voltage and switches between MPPT and CV modes. The
MPPT-CV charging algorithm flow chart is illustrated in
Fig.6. Vu(k) and D(k) are the charging voltage and buck
converter duty cycle at the k-th iteration, respectively. The
system step size, AD is fixed at 0.02 and the variable AV is
the subtraction of V,,(k) from V. Initially, AV is determined
to decide whether the system should operate in MPPT mode
or CV mode. As long as AV is negative, i.e. the voltage limit
is not exceeded, the system should operate in MPPT mode.
Using the hill climbing concept, the battery voltage is
compared with its previous value to determine the change in
the duty cycle so that the MPP can be tracked. The MPPT
algorithm is illustrated by the blue dotted box in Fig. 6.

C. Operation in CV Mode

Based on the MPPT-CV algorithm, the system transits
into CV mode whenever AV is positive, i.e. when battery
voltage exceeds V4. This usually occurs when the level of
irradiance is high. Unlike fixed load, the battery load line
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changes with the battery’s SOC, due to its effect on E and Ri.

With a constant D and a constant irradiance, the operating
point may still move due to changes in E. This situation can
be explained using Fig. 7. Initially, the battery has an internal
voltage of E,, and the system is able to operate at the MPP (at
OP;) without exceeding V., However, as the charging
process continues, the battery load line shifts to the right (the
battery load line crossing at E,) as seen from Fig. 7. At this
point (OP,), battery voltage is above V4. To prevent the
battery from overcharging, duty cycle is increased to D, to
bring the operating point to OP5, and maintain battery voltage
at V. It is possible to bring the voltage down by reducing D
and operating on the right side of the MPP. However, as
mentioned earlier, operating on the left of the MPP gives
lower oscillations and is preferred. Under certain
circumstances, increasing D to its maximum, (D=100%) is
still insufficient to bring the charging voltage down to V.
This is illustrated in Fig. 8, where even with D=100% the
battery voltage is still higher than V., (at OP,). Since D can
no longer be increased, it will have to be drastically reduced
to bring the operating point to the right side of the MPP to
avoid overcharging. It can be observed that if D is gradually
decreased from 100% to 35%, the battery voltage will
increases before decreasing. This is very undesirable as it
results in prolonged overvoltage operation. To avoid this, it is
proposed that whenever the maximum duty cycle is detected

in CV mode, D should be drastically reduced. In this way, the
operating point “jumps” to the right of the MPP, and reaches
Vg Taster. The algorithm for CV-mode of operation is given
by the red dotted box in Fig. 6. The variable g is used to

D,;=100% |

I D1=35%

IDOUT

oP, !
1 1 —'/ 1 1 1 1 1 1

E Vreg
Fig. 8. Changes of battery load line effect in CV mode.

determine the location of the operating point. g=0 indicates
operation on the left of the MPP, while g=1 designates
operation on right of the MPP. The CV-mode operation starts
by checking D. For D below maximum (D<100%), variable g
is set to 0 and the operating point oscillates on the left side of
the MPP. If D reaches 100%, g is set to 1 to mark the jump of
the operating point and D will be drastically reduced to
operate at the right side of the MPP.

D. Other Considerations

One important implementation challenge of this method is
the accuracy of the voltage sensing circuit. Since the changes
in battery voltage are relatively small, an additional circuit is
required to increase the sensitivity of the system. The battery
voltage under normal discharging and charging processes
varies from 10 V to 15V while a normal sensor is able to
sense voltage with the lower limit set to zero. A differential
amplifier circuit is used for amplification propose which
increase the sensitivity of the system. Having a narrow
perturbation band, the system is susceptible to noise and it
can mistakenly treat noise as a perturbation signal. Due to
that, data from the voltage sensor are averaged and sampled
before the voltage signal is use as Vy(k) in the battery
charging algorithm.

V. RESULTS AND DISCUSSION

The proposed single sensor solar battery charger system is
validated experimentally. The experimental setup consists of a
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TABLE Il
SUMMARY OF ALL SYSTEM PARAMETERS
PV Panel
Power rating 175Watt
Voltage open circuit, V. 442V
Short circuit current, | 5.2A

Vimgp @t 12000W/m? 35.2V

I mpp @t 2000W/m? 4.95A
Controller

Sampling rate 100ms
Switching frequency 100kHz
Battery specification

Technology VRLA
Voltage 12v
Capacity 80Ah
Regulation Voltage, V 141V

—e— Ppy
35 = = 4
Oxg Vo | 127
- J
¢

Maximum power
coincide with

maximum battery
voltage

PV Power (Watt)
Battery Voltage (V)

12.2
1

0.7 0.8 0.9

02 03 04 05 06
Duty Cycle

Fig. 9. PV power generated and battery voltage versus sweep of
buck converter duty cycle.

solar emulator (Chroma Programmable DC supply
62150H-1000S), a buck converter and a lead acid battery, as
shown in Fig. 3. A low cost PIC18F4553 microcontroller is
used in this system. The parameters of the experimental setup
are summarized in Table II. The experimental results are
captured using a Tektronix TDS 2014C oscilloscope.

A. Verification of Voltage and Power Relation

In previous research, the battery voltage is usually treated
as a constant, [32]. In Section IV, an analysis on the changes
in the battery voltage and PV power has shown a
proportional relationship between the two variables, as
indicated in (8). This conclusion is verified experimentally
by sweeping the duty cycle of the buck converter from 0
to 1 while keeping the irradiance at 200W/m?. The PV
power generated and the battery charging voltage are
plotted as in Fig. 8. It is clear that the PV power changes
proportionally with the battery voltage, such that the
maximum power coincides with the maximum battery
voltage. Hence, MPPT can be tracked using battery
voltage as the perturbation parameter instead of the PV
power.
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v'“r-l
Vpy
12 5.004 1 500ms
(b)

Fig. 10. PV voltage and current during MPPT at a) 1000 W/m? b)
500W/m?.

B. MPPT Performance under Constant and Sudden
Change of Irradiation

Fig. 10(a) and 10(b) show the voltage and current responses
of the PV panel during the MPPT mode at irradiance of
1000W/m2 and 500W/m2, respectively. It can be seen that
the proposed algorithm is able to reach MPP using only the
battery voltage as the perturbation parameter. Steady state
oscillations for both and current and voltage are also evident
in both Fig. 10(a) and Fig. 10(b). These oscillations are
characteristic of the constant step HC method.

In Fig. 11(a) and 11(b) the system is tested for sudden
change of irradiance. It is observed that the system is able to
track the new MPP for both sudden drops and sudden
increases of irradiance within a short period of time.

C. Transition between MPPT and CV Modes

As the charging process continues, the charging voltage
increases. In order to prevent premature failure of the battery,
it is vital to keep the charging voltage below V., which is
14.1 V in this case. In the proposed system, the solar charger
operates in MPPT mode until the battery voltage reaches
14.1V, after which the system will operate in CV mode to
keep the battery voltage at its limit. Fig. 12 shows the
transition from CV mode to MPPT mode. Initially, the
battery voltage is at 14.1V, where the charger operates in the
CV mode. When there is a sudden drop of irradiance, there is
also a large and abrupt drop in the battery current. As a result,
the battery voltage reduces below 14.1V, and the charger
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Fig. 11. PV voltage and current response during sudden change
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Fig. 12. Transition from CV to MPPT mode.

transits into MPPT mode. However, due to the slow chemical
reaction within the lead-acid battery, the battery voltage drop
is gradual under a sudden irradiance drop, as evident in Fig
12. During this period of time, the voltage drop due to the
battery’s chemistry is larger than the voltage change due to
duty cycle perturbations at the Buck converter. As a result,
there is a net reduction in the battery voltage seen by the
MPPT controller. Based on the MPPT algorithm, the
controller tries to increase the battery voltage by changing the
direction of the perturbation. However, the new perturbation
is still masked by the gradual voltage drop, and the controller
still sees a net reduction in the battery voltage. This causes
the MPPT algorithm to keep inverting the direction of
perturbation. Eventually, when the voltage transient due to
battery’s chemistry finally dies out, the Buck converter is
once again able to control the battery voltage. The controller

Tek . @ Stop 1 Pos: —40,00ms
+ o h
e e A 141V
Vi
Vpy

-
CH2 5.00%  MA.00s CH2 S0

CH3 2004  CHA 250 <10Hz

Fig. 13. Transition from MPPT to CV mode.

then drives the battery voltage up to achieve MPPT.

Transition from MPPT to CV occurs when there is a
sudden increase in irradiance and the battery is partially full.
When a sudden increase of irradiance occurs, the system tries
to track the new MPP. However, with the gradual increment
caused by the chemical reaction within the battery, the system
misinterprets the voltage increment as a MPPT perturbation
step. This explains the continuous drop of Vp, even when the
battery voltage is increasing as shown in Fig.13. This
indicates that duty cycle changes have no effect on the battery
voltage before it is stabilized. When the battery voltage
stabilizes at around 14.1V, the system switches to CV mode
and maintain the charging voltage at 14.1V. Nevertheless, the
battery charging voltage is still within its set limits for both
mode transitions (MPPT to CV mode and vice versa). A
deficiency in the charging process during this short period of
time has a marginal effect on the system performance. Thus,
the delay has no negative impact to the charging process.

D. Operation under Real Weather Conditions

In order to confirm the robustness of the system, a whole
day of testing under real weather condition is performed. In
this test, real weather data is fed into a solar simulator to
emulate the solar panel performance under real weather
conditions. The weather data from a cloudy day in Kuala
Lumpur, Malaysia is used to test the system performance
under relatively poor weather condition. For this test, the
battery is first discharged until its terminal voltage dropped to
11.7V. This is to emulate a partially discharged battery
condition similar to the conditions found in street a lamp
system at the beginning of a day.

The charging started at around 9am, when the solar
irradiance is sufficient high to facilitate charging. Initially,
the system operates in MPPT mode, which can be observed
from region 1 of Fig. 14(a) where the PV current, I, follows
closely the pattern of the MPP current, Iy,,. Good tracking
can be observed even under a varying irradiance as the MPPT
efficiency remains high throughout MPPT mode, confirming
the robustness of the MPPT algorithm. As the battery voltage
reaches V., at around 12:45pm, the system transits into CV
mode (as indicated by region 2 in Fig. 14(b)) such that the
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Fig. 14. Experimental results for one day testing shows the waveform. (a) MPPT efficiency, Ipy and Iypp Of the PV panel. (b) Charging

voltage and charging current of the battery.

charging voltage is regulated at around 14.1V to avoid
overcharging. At this point, the charger is only drawing a
fraction of the solar panel’s maximum power, which is
reflected by the falling MPPT efficiency in Fig. 14(a).

During this stage of charging, it can be observed that the
battery charging current quickly drops from approximate 10A
at 12:45 to about 4A at 13:45. This indicates that the battery
is reaching its full charge capacity. It is observed that while
operating in region 2, i.e. CV-mode, larger oscillations in
both battery voltage and current appears in the latter half of
region 2 (around 13:15 to 13:45). This is due to the change of
the operating point from the left side to the right side of the
MPP.

Note that the left and right side of the MPP have different
amounts of steepness with right side of the MPP having a
steeper gradient. Since the system is operating at a constant
step size the different steepness will be reflected as larger
oscillations for both current and voltage of the battery when
the PV panel is operating at the right side of the MPP.
However, the oscillation in voltage is not significant and
charging voltage is still retained within its set limit.

When irradiance suddenly falls at around 13:45pm, the PV
power is reduced as well. Hence, the controller switches back
to MPPT mode to maximize the power drawn from the PV
panel (region 3). Subsequently, the system continues to
alternate between CV and MPPT modes for the remaining
time (region 4), until the sun goes out at around 5pm. A
similar oscillation rate can be observed in region 4 which is
also resulted from the movement of the operating point. As
the charging process continues, a noticeable spike is observed
in the voltage and current reading in the middle of region 4
due to the sudden change of irradiance. However, the spike
occurred for a very short time and is around 14.5V, which is
slightly above the maximum allowable charging voltage
(14.4V). Thus, this does not affect the battery performance.
At the end of the charging process, |, drops to around 1A
towards the end of operation time indicating that the battery
is almost fully charged despite the poor weather conditions.

Overall, the system is found to perform well under actual
weather conditions, where it switches between MPPT and CV
modes to maximize charging of the battery while maintaining
the battery voltage within the allowable limit. During MPPT
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operation, the MPPT efficiency is found to be around 97%.
This confirms the effectiveness of the single sensor MPPT
method proposed in this paper. It is worth noting that the
MPPT efficiency drops during CV mode the system is trying
to maintain a constant charging voltage instead of operating
at the MPP.

V1. CONCLUSIONS

In this paper, the operation of a single sensor battery
charger in street light applications is analyzed and developed.
Using only one voltage sensor on the battery terminals, the
solar charging system is able to perform both battery
charging control and MPPT control, hence providing a simple
and low cost solution for solar battery chargers. Depending
on the battery voltage and solar irradiation, the proposed
control switches between MPPT and CV modes, maximizing
the power extracted from solar panel without compromising
the battery’s health. Experimental results confirm the
performances of the overall battery charger control.
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