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ABSTRACT

In It is well known that the photovoltaic source
remains intermittent, since it depends on variable
weather. In order to overcome this inconvenient in the
case of standalone photovoltaic system, a solar battery
is often used. However, the black dot of a photovoltaic
system with battery is the guarantee of their lifetime
according to manufacturer's forecast. This lifetime is
uncertain when the photovoltaic system is supervised
by users. In this paper, a supervising algorithm of a
photovoltaic power supply source has been developed
and implemented in intelligent electronic board for
making it transparent to the users.

Keywords: Microcontroller system, Standalone
photovoltaic ~ system, Numeric  simulation,
Management of photovoltaic energy.

1. INTRODUCTION

Global warming is primarily due to the emission of
greenhouse gases (eg. CO) from burning fossil fuels
namely: oil, coal and natural gas. The extract statistics
of the IEA (2011) [1-2] showed that 86.8% of the
global primary energy production is based on non-
renewable resources, i.e.: 81.7% of fossil fuels and
5.1% of nuclear fuels. Therefore, only 13.2% of global
energy production is based on renewable resources,
i.e.. 2.3% of the hydraulic and 10.9% of the other

resources (biomass, solar, wind, etc.). The summit in
Rio de Janeiro (Brazil 1992) [3], the protocol in Kyoto
(Japan 1997) [4] and the COP21 (Paris 2015) [5]
advocated the limiting solutions of at least 2 °C of the
global warming of planet in 2040. Obviously,
population growth expected for the coming years will
increase the needs in electricity.

Indeed, renewable energy technologies ensure
low CO; emissions. Up to date, these technologies are
booming subsidies amounting to $ 120 billion in 2013
globally [6]. Among the renewable energy resources,
the sun light is the most available. Unfortunately, the
photovoltaic source remains intermittent since it
depends on variable weather conditions. To overcome
this inconvenient in the case of standalone photovoltaic
system, a battery of solar accumulators is associated
with the photovoltaic panel. Therefore, the resulting
power supply system is a permanent energy source that
can be used in the absence of the solar light. These
batteries must be controlled by voltage regulator of
charge and discharge in order to improve their lifetime.
The typical backup time of the storage battery is 48
hours. Often, when the autonomy of the solar battery is
insufficient, a generator is associated with the PV
system [7-10]. Unfortunately, the generator operating
costs are high on one hand and on the other hand, it is
an environmental pollution source [7-11].
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The black dot of a photovoltaic system with
battery is the guarantee of their lifetime according to
manufacturer's forecast. This lifetime is uncertain
when the photovoltaic system is supervised by users. It
is therefore necessary to write a supervising algorithm
of an electronic circuit for managing a photovoltaic
power supply source, so it may be transparent to the
users [11-19].

In this paper, a supervision algorithm is
developed and implemented in smart electronic board
for making transparent the standalone photovoltaic
system for users.

2. MODELING
The model can be represented by the figure below.

+ [ | Inverter

| Battery1 | Bnncr_vl-
Figure 1. Flow chart of the photovoltaic system.

Table 1 Truth table of solar batteries

C1 Cc2 State of charge
Charge of battery 1

1 2 Discharge of battery 2
Discharge of battery 1

2 1 Charge of battery 2

2 2 Prohibited

1 1 Prohibited

3 3 Isolation of batteries

During the day, because the solar energy is high, the
microcontroller should command the supply of the
house using the photovoltaic panels, closing the switch
A (which comes from the panels) and by opening the
switch B (which comes from batteries). The energy
which comes directly from the panels to the inverter
powers the house. During the day the charging of
batteries is controlled by the regulator which is
managed by the microcontroller because each battery

has three operating points. If the batteryl switch is on
1, battery 1 charges. If the battery 1 switch is on 2,
battery 2 charges. When the batteries 1 and 2 are full
the switches go to position 3. In the night the
microcontroller opens switch A of photovoltaic panel
and closes switch B which comes from batteries. In
this time the batteries power the house. When the
supply comes from battery 1 the switch of battery 2 is
in position 1 and switch of batteryl is on 3. When
battery 2 supplies the house, the switch is in position 2
and the switch of batteryl is in 3. The switches: I, I3,
I, I3 represent respectively the priority line, lighting,
fridge, and finally the devices that can be
disconnected.

3. SUPERVISION ALGORITHM

In this part, we discuss firstly on algorithm of charging
accumulators then on automatic discharge of the
batteries.

A. Control algorithm of accumulators charging in
three states (three state charge algorithm)

The battery charging algorithm in three states that
results from the combination of two methods of
charging (constant voltage charging and constant
current charging) to achieve the best performance [20-
23]

a. Bulk charge

In this step, the photovoltaic panel charges the battery
with the maximum current allowed. The voltage across
the battery increases gradually. When the Vya voltage
reaches Vr=14,4V, it passes to absorption charge state.

b. Absorption charge

Here, the battery voltage is maintained at the
regulation value Vr to complete the battery charge and
avoid over charging. When the current decreases at
1cn=100mA, it passes to state of float charge.

c. Float charge

This is a maintenance stage where the battery voltage
is reduced to a level just sufficient Vex=13,2V and the
current becomes very low.

The three state charging algorithm is illustrated in the
following figure 2. In this figure, during the period of
bulk charge the battery voltage increases from V vp=
10,8V to Vr=14,4V. During the step of absorption
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charge, the voltage is constant to Vg and finally it
decreases to Vo= 13,2V in the float charge.
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Figure 2: Different states of battery charge [23].
The program begins with a spindle RA2 state test.

If RA2 = 0, the module is insufficiently lighted. The
battery voltage Vpa is measured by the PIC
microcontroller: Vs >10,8V, the battery is discharging
according to the discharge flowchart; Vpa <10,8V, the
discharging is not allowed; If RA2=1, the module is
sufficiently illuminate; The current of charging lpa is
measured by the PIC; Ipx =0, the photovoltaic module
is disconnected from the system; lpa #0, the PIC
performs the measure of Vpa Voltage and compares it
with the threshold voltages Vivo , Vioat, Vr.

Start

v

Declaration of
variables

A 4
Configuration of
registers and
initialization of ports

h 4

Measure of Ibat,
Vbat

A 4

Test and comparison

h 4
Call algorithm of
charging with lime
delay

I

Figure 3: Organizational chart of the main
program

B. Automatic discharge flowchart of batteries

The system has been sized to meet the daily
requirements of consumption estimated at 8280Wh /
day (excluding heating and cooking) and comprising
of: Low energy lighting: 06 lamps low consumption:
30W; 6h/ day; 01 halogen lamp: 40W, 5h/ day;
Fridge: 450W 10h/day; Washes linen: 1300W,1h/ day
; Audiovisual: Stereo chains: 80W 2h/ day; DVD
player: 60W 4h/ day; The TV: 120W, 4h/day;
Computing: Laptop computer: 80W 4h/ day

From 50% to 100%; the voltage of the battery varies
between 14.4V and 12,18V, 50% corresponds to a
voltage 12,18V, 40% corresponds to a voltage 12V,
30% corresponds to a voltage 11,88V, 20%
corresponds to a voltage 11,7V

The battery 1 supplies the home with all the
illuminated lines from 100% to 50% depth of
discharge. From 50%, the voltage becomes critical, it
is necessary to disconnect some consumers (at 40%
audiovisual stops; at 30%, computing stops). These
devices have low priority for the consumer. After that
the microcontroller manages the remaining energy to
lighting, fridge and one priority line which allow user
comfort since it can connect a device according to his
preference. At 20% state of charge battery 2 takes over
but only during the night.

The lifetime of the batteries is uncertain when
the photovoltaic system is controlled by the user this
being the reason why the microcontroller is programed
according the user’s priorities

4. DIFFERENTS MODULES OF THE
ELECTRONIC SYSTEM

This system can be decomposed into several blocks. It
will include: the power supply block of device; the
DC-AC converter; the switches circuit (different lines
of home); the system control circuit.

A. The power supply circuit

As part of this work, the photovoltaic panels feed the
home during the day and the batteries take over at
night and during times of low sunlight.

a. Estimation of the required photovoltaic panel
number

The power of the photovoltaic panels can be calculated
using the following formula:

B.

= 1
Ej Xnaccxngen ( )
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where, P (W) is power crest of the photovoltaic
installation; B; (Wh/ day) daily requirements; E;
(Wh/m2/day), average value of the irradiation for the
worst month; 71, Yields the efficiency of the battery
pack; ngen, yields the efficiency of the photovoltaic
generator (Losses due to dust, at the heating of the
modules, at the wiring).

One can thus calculate the number of useful modules
using the formula:

N, =
7], @)

where, Ny is the number of useful modules; P1 (W) is
power crest provided by one panel.

Variables initialization

0 Reading of the voltages
values of the two batteries

All lit lines

Initialization of the LCD
s Dispsay, All it lines
* Stopping the Ye Bat2: working If 50%= SOCbat2 <100%
{ava linen line [€~YeS. Bat1: empty

Initializing the system(configuration of
ports, ignition of all lines...)

L
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N Stopping the
Display the welcome lava linen line
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Figure 4: Flowchart of accumulators discharge.

b. Estimation or tne nominai
accumulators

Capacity or e wnere, Jr IS TNE numper or aays OTr storage, DM,

maximum discharge of the accumulators; Un(V)

nominal accumulators voltage.
The accumulation capacity (Kacc in Ah) is given by

the formula: c. State of battery charge (EDC)
B.xJ It is given by the following relationship:
K,.= L
acc (3)
DM X U n X 777:1CC Q

EDC =1-<
C @)
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where C(Ah) is rated battery capacity; Q extracted
charge quantity with respect to C.

d. Electronic diagram of the supply circuit

The voltage of the photovoltaic module does not match
the needs of each stage of the system. For that, we
need a voltage regulator namely the 7805, which will
provide a positive DC voltage of 5V necessary to
power the microcontroller. This regulator is very
simple and less expensive.

The electronic diagram of the supply circuit is given by
the following Figure 5.

Figure 5: Electronic diagram of the supply circuit
B. The DC-AC converter

This circuit consists of an inverter that converts the DC
voltage coming from the solar panels in an AC voltage
because; all our devices operate in alternative. It is
controlled by a microcontroller PIC 16F877A, his
power circuit includes two drivers which allow manage
his four switches.

Figure 6: Diagram of the inverter controlled by the
microcontroller U1l (PIC 16F877A).

C. The switches circuit

It is consist of six incandescent lamps representing
each of the different lines of priorities,

who must be controlled by the microcontroller as a
function of the energy level contained in the
accumulator battery which is operating. These lamps
go from L1 to L6.

These priorities are classified according to their
energy consumption and user priorities.

- The L1 lamp: represents the line of the Washes linen.
It is the first line to be shut off because of his power
which east of 1300W.

- The L2 lamp: represents the audiovisual line. It is the
second line to be shut off because of his power which
east of 260W.

- The L3 lamp: represents line of computing. It is the
third line to be shut off.

- The L4 lamp: represents the line of the fridge. It must
always be fed because the user stores his food in the
fridge.

- The L5 lamp: represents the line of the illumination.
All our activities need bright conditions to avoid eye
tiredness which is a part of our visual comfort.

- The L6 lamp: represents the priority line of the user.

The system uses six optocouplers which are electronic
components consisting of a diode and of an NPN-type
phototransistor. They are used to separate two electrics
circuits where of masses are not the same electrical
potential: here, it's question the control circuit and of
the switches circuit. After these optocouplers we have
six relays that are managed by the microcontroller; six
switches which depend on the user.

The electronic diagram of circuit is given by Figure 7
following:

D. The facility control circuit

This circuit ensures the transfer and the power
conversion between both sides, source and load thanks
to a control system. This power circuit is composed of:
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Figure 7: Circuit of the switches.

- A display which allows the user to know in which
mode of operation it is (day mode or night mode).

- A buzzer circuit that beeps when the installing the
energy management system to power the house is
made with batteries of accumulators that are not in
good condition.

- A microcontroller PIC 16F877A. The microcontroller
is the intelligent element on which rests all controlling
the system. Thus the control program is loaded into the
flash memory of the microcontroller.

The electronic diagram of circuit is given by
Figure 8 following:
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Figure 8: Control circuit of the facility.

5. WIRING DIAGRAM OF THE
CIRCUIT

The microcontroller has been in programmed in C
language, the mikroC software allowed us to compile
and test our program. The programming in C language
requires more rigor and meticulousness [24]

The electronic diagram is result from the pooling of
different blocks presented in the preceding pages.

If the sensor indicates that we are in day mode, the
photovoltaic panels power the home and the
microcontroller controls the charging of batteries a
after the other. We read on the display: day mode,
battery 1 charging; and when the battery 1 is full, the
microcontroller launches the burden of the battery 2.
Each time, during the charging a battery, the
microcontroller does tests for gauging at what charging
level we find ourselves. When the batteryl is charging,
its mechanical relay RL1 is closed; and when the
battery?2 is charging, its mechanical relay RL3 is
closed. During the day mode, all the different lines of
priorities are powered because there's enough energy
the user can connect all these devices.

If the sensor indicates that we are in night mode, the
microcontroller initiates the feeding of the house by
the batteries. We read on the display, night mode,
battery 1 working, in this case the battery 1 feeds the
house. We assume that the user has connected all
appliances of home. Depending on the discharge
voltage in order to avoid the sulfatation of the battery,
the microcontroller will measure each time the amount
of energy available in battery and cut some lines to
first know the washes linen, afterwards the
Audiovisual and finally computing.

Arrival to 20% of the state of charge of the battery 1,
the microcontroller initiates the feeding of the house
by the battery 2. We read on display, night mode,
battery 2 working and discharged battery1.

The battery 2 works just like the battery 1. The
microcontroller measures the energy available and
manages this energy according to the program
imposed.

Based on the different blocks presented in the
previous pages, the electronic circuit has been realized.

The various components were subsequently mounted
there. After a final careful check of the welds, the
module can be installed in its housing.
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The figure below shows a photograph of the
electronic supervision card produced which informs us
about the state of the system in real time.

Figure 9: Electronic smart card produced.

6. RESULTS AND ANALYSIS
A. The PV/ battery energy management truth table

Table 2 presents the truth table for PV / battery energy
management. « 1 » means the device is running, « 0 »
means the device is turned off, « x » means the device
can be turned on or off.

Table 2. The PV/ battery energy management truth
table

Operating
Load shedding
Battery park section mode
C C Da
Comments Night 15 14 13 12 11 10
1 2 y
Charge of
1 0 1 1 1 1 1 1
battery 1
1 2
Discharge of
0 1 X X X 1 1 1
battery 2
Charge of
1 0 1 1 1 1 1 1
battery 2
2 1
Discharge
0 1 X X X 1 1 1
of battery 1
2 2 | Prohibited / / / / / / / /
1 1 Prohibited / / / ! / ! ! /
1 0 1 1 1 1 1 1
Isolation of
3 3
batteries
0 1 0 0 0 0 0 0

B. Weather data on site (Ngaoundere, Cameroon)

Figure 10 (A) shows the overall irradiance and ambient
temperature curves recorded under a slightly cloudy
sky. Thus, the overall irradiance fluctuates slightly
throughout the day. However, it appears that the
irradiance varies between 200 W/m? and 1380 W/m?,
with the peak of 1380 W / m? reached between 12:00
p.m. and 12:30 p.m. Once again, the temperature
fluctuates slightly throughout the day, between 28,5 °C
and 35,5 °C.The maximum temperature of the day is
recorded around 11:30 a.m.

Figure 10 (B) shows the overall irradiance and
ambient temperature curves recorded under a very
cloudy sky.The sky brightness index being very low,
the overall irradiance fluctuates strongly throughout
the day, between 400 W/m2 and 1300 W/m2. The
maximum irradiance value is recorded between 12:00
p.m. and 12:30 p.m. The temperature of the day,
meanwhile, fluctuates between 29.5 ° C and 35.5 ° C,
with the maximum value recorded between 1:30 p.m.
and 2:00 p.m.
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Figure 10: The irradiance and the ambient
temperature recorded: (A) on 10 December 2023
and (B) on 08 February 2024
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C. Signals of the MLI command of the inverter.

The inverter delivers several positive and negative
slots, which are owed to done that voltage the
terminals of the load are fragmented into several of
voltage pulses. By modulating the relative times of
conduction and blocking, it is possible to distribute the
voltage over the period.

Figure 11: Signals of the ML of the inverter.

The shape of that figure above, allows to account
himself of the command principle of our inverter. This
latter works with four switches controlled by two
drivers: the driver U8, controls the switches of
transistors Q6 and Q9 (first arm of the inverter)
whereas the driver U9 controls the switches of the
transistors Q7 and Q8 (second arm).

This figure 11 shows that the two arms do not have at
same voltage value. The MLI of the first arm is above
0 because it provides a positive voltage while the other
provides a negative voltage, reason that the MLI is
below 0.

D. Measurements of current and voltage across the
battery during the day

At the start of the day, the Ibat current of the battery is
lower than the Ipv current of the panel, the battery
voltage increases from 13.5V to 14V so the battery
charges. Around 12:30 p.m., the battery is full, the
output current Is is equal to the current of the Ipv panel
(Is =lpv) so the panel is the only source of power for
the load. Around 3:30 p.m., the current Ibat is higher
than the current of the Ipv panel, it’s the battery that
powers the load. During the day, the battery voltage
curve fluctuates, we observe phenomena of battery
charge and discharge. The battery is a backup source
that compensates for the dips in energy supplied by the
solar panel.

—Ilpv

--Ibat

—ls
Vbat

1.5F

Current (A)

Sh 10h 11h 12h 13h 14h 15h 16h 17h
Local time

Figure 12: Currents lbat, Ipv, Is and Vbat in day
mode, recorded on 15November 2023 in
Ngaoundéré

7. CONCLUSION

The development of the systems command by
circuit programmable has occupied the field of modern
technology, what pushed us to choose the PIC
microcontrollers that are more reliable. Our work was
to automate the shutdown of the appliances of the
home in depending on the battery discharge voltage in
order to optimize the performance of the regulator.

In this paper, the purpose referred is to
manage the photovoltaic energy of the battery by
controlling the discharge voltage of the latter in
receptors function, order to improve the continuity of
the energy and to better manage the life of the battery.
For this we simulated and realize a microcontroller
system that can manage the energy photovoltaic the
home comprising several lines of priorities.

We developed the algorithm of charging
batteries in three states « Three state charge algorithm
» and write a battery discharge flowchart according to
the user's devices.

The set of results obtained show that the
microcontroller system properly plays its role which is
to make the transparent photovoltaic installation in the
eyes of the user because it automates the stopping of
devices by controlling the discharge of the battery as a
function of devices of the home.

Optimizing of the performance of regulator
has experienced considerable progress, but until then,
many efforts must still be made. Thus we envisage to
expanding the system to other applications (continuous
loads) by introducing into the system a chopper type
converter.

Voltage (V)
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