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Abstract - This work presents the development of a solar
powered public illumination system used for a waste recycle
campaign in the city of Sao Paulo: a lighting pole installed in
streets for area illumination with translucent sign vinyl,

shining in the sun and glowing at night with fluorescent

lamps, stainless steel receptacles are used as recycle trash bin

collectors at the base of the pole. The use of a photovoltaic
panel to power the glassy advertisement not only works as a
way to bring solar energy to a daily use but also to encourage
companies for funding a broad recycle awareness campaign.
During the day, the solar energy is captured by a
photovoltaic solar panel and delivered into a lead-acid battery
through a flyback converter. The converter also performs the
function of tracking the maximum power operating
conditions. At night the fluorescent lamp is driven by a
resonant push-pull current-fed inverter. The system is
controlled with an inexpensive RISC PIC16C74
microcontroller, which searches the maximum power point
by commanding the flyback converter with a hill-climbing
algorithm, monitors the battery energy level, and turns on the
fluorescent inverter with a real-time internal clock. Serial
communication is provided for connection to a portable
computer, which is used for battery life management and
time clock settings. It is shown the implementation of the
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searching the solar array optimum operating point to
deliver maximum energy into a battery. The battery is used
for powering a current-fed resonant fluorescent system for
area public illumination. The system is controlled with an
inexpensive RISC PIC16C74 microcontroller, which
searches the maximum power point by commanding the
flyback converter with a hill-climbing algorithm, monitors
the battery energy level, and turns on the fluorescent
inverter with a realtime internal clock. Serial
communication is provided for connection to a portable
computer, which is used for battery life management and
time clock settings. The system is constructed with a light
pole fashion, used on streets for a public waste recycle
advertising campaign.

Il. THE SOLAR ELECTRICILLUMINATION SYSTEM

Solar energy is being applied in several residential,
industrial and other applications. A low cost grid
connected system is presented in [1], a power factor
correction system, where a microcomputer searches the

whole system and the comprehensive field tests in this paper. maximum power, is discussed in [2]; other schemes have

been proposed as well: an hysteresis active power
controller for solar array [3], solar-powered vehicles [4]
[5], analytical modeling for solar cells based on
The overwhelming word energy demand due to théhanufacturing data [6], and fuzzy based peak power track
modern industrial society and populational growth iscontrollers [7] [8], duty-cycle controled topologies are
motivating a lot of investments in alternative energy_(jlscussed in the literature with analogic and digital

solutions aiming to improve energy efficiency and powefMmplementations [9] [10] [11]. _
quality issues. Photovoltaic energy is a primary resource |N€ present system has an ultimate goal: a photovoltaic
because there are several countries located in tropical aR@n€! should power a shiny advertisement installed in an
temperate regions where the direct solar density may realfCtric pole. Not only it is a way to bring solar energy into
up to 1 Kw/ni. Two main restrictions for using solar & daily use, but has also been used in the present
energy are the high initial installation costs and a very lov@Pplication to encourage companies to fund a broad
photovoltaic cell conversion efficiency, which ranges from€Cycle awareness campaign. The solar panel allows a light
12% up to a maximum of 29% (for very expensive units)PQ'_e to _be mstalled gnywhere, without connection to the
In spite of this fact, there has been a trend in pricéltlllty grid. Fig. 1 depicts the system: the pole has a length
decreasing for modern power electronics systems arRf 3 meters, two or more recycle coII_ectors f|>_(ed at 1 meter
photovoltaic cells, indicating good promises for neWfrqm bott_om._A _vmyl_ translucent cylinder, with a screen-
installations. The maximum power of a photovoltaicP””ted sign, is illuminated by a fluorescent bulb; the sign
system changes with temperature, solar intensity and loal§. USed as a way to sponsor a waste recycle community

In order to amortize the initial investments it is veryProgram. , _

important to extract the maximum power in a continuous F19- 2 shows the block diagram for the electrical system

basis, which makes necessary a microprocessor, basggicating the PIC16C74 microcontroller, which is

power electronics controlled system to adjust the sold@SPonsible for the photovoltaic power transfer algorithm

panel electrical impedance dynamically. optimization, and works by adju§t|ng the flyback duty-
This paper describes the implementation of £ycle. The processor has a real-time clock to turn on the

photovoltaic system, which has the capabilities ofluorescent lamp, in programmed time; the time settings

|. INTRODUCTION



can be changed by the serial communication channeyray area (cells quantity) can normally be chosen freely,
which also sends information about the battery conditionglepending on the manufacturing process cells can be made
If there is not enough collected photovoltaic energy, thevith efficiency ranging from 12% to 29%. The

microcontroller does not permit full battery depletion.
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Fig. 1. lllustration of the solar pole
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Fig. 2. System block diagram

[1l. SOLAR PANEL SPECIFICATION

environment temperature affects the solar panel voltage,
with a decrease of 0.05% per cell. The illumination
intensity directly depends on the solar panel latitude
location, and the sun irradiation depends on the day, month
and weather factors, like rain, fog, and atmospheric
pollution [9]. The power density at Equator line, at
noontime and 2% corresponds to 1000 W/nTTherefore,

the ilumination intensity in any point of Earth can be
approximated by Equ. 2:

A =1000cosg ) (2)

where) is the illumination intensity (W/f and@is the
latitude.

Since battery specifications are usually giverihour
the reasoning used was: with the illumination intensity
is possible to estimate the charge delivered into a battery,
using a standard 12% efficiency solar array as the one
summarized in Table I. The maximum cell current supplied
in ideal conditions is 1.38 A, which means that one 42
A.hourdischarged battery would need 30 hours to be fully
charged. The current generated by such solar panel, in a
sunny day in S&o Paulo city during Summer, is
approximately 9A.hour, which allows a 20W fluorescent
lamp to stay on for 6 hours.

Table I: Solar panel characteristics

Manufacturer Siemens

Model M20

Maximum power 20W

Nominal current 1,38A

Nominal voltage 14,5V

Short circuit current 1,60A

Open voltage 18,0V
Dimension of by cells covered ared 0.52m x 0.31n
Cells area 1.61f

IV. PRINCIPLES OFPOWER TRANSFEROPTIMIZATION

Fig. 3 shows the characteristic family of curves for a
solar array. One can see that the maximum power point

Maximum power points

Solar panel specification depends on the need of the 4 Intensity o
energy to be trasnferred into the battery bus, cell efficiency variation i%“tg’d”;n"cpe“g”r:fﬁ:e
and overall costs; the panel power also depends on the A P search
battery charge capacity and internal losses, as given by < X
Equ. 1: = 3

o |y < B ¥ -Maximum power
= \ hyperboles
Pp > PC + FIJ O 4 C
where: B is the panel power (W), .Pis the charge G Iz:?a;;ieorr?ture
dissipated power (W) and; Ehe internal control circuit >
losses (W). Voltage (V)

Mereorological conditions, plane-of-array irradiance
area, convertion efficiency, module temperature and
illumination intensity afftec the collect power. The solar

Fig. 3. Search method for solar panel power maximization by

programmable duty-cycle.



changes with solar intensit))(and temperature variation; curve V x I. To get maximum transfer a circuit connected
the maximum power occurs when its voltage-currenbetween the solar array and the battery bus must change
touches the maximum power hyperbole locus [12fhe conductance G. This is the main function of the control
represented by the points A, B and C points in the figurealgorithm: to vary the flyback converter duty-cycle, so as
Power collected by the panel is given by the intersection ¢ optimize this transference in real-time.

the load line, with conductand®, and the characteristic
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Fig. 4. Simplified diagram of photovoltaic system

V. SYSTEM IMPLEMENTATION

A block diagram of the Solar Pole is shown in Fig. 4.
The flyback converter allows that solar panels with
different voltage values can be used, through the right
specification of the T1 primary winding and providing
output compatible voltage. The voltage at the output of
this converter type is always higher than the input, and it is
determined by the transistor switching duty-cycle control.

In this work, the converter duty-cycle (the ratio
between transistor conduction time and switching period)
variation is controlled by a closed loop control algorithm:
the instantaneous computed power defines if duty-cycle
should be increased or rather reduced, until the settlement
of the optimum point. The flyback converter has a Power-
MOSFET transistor commanded by a PWM signal
generated by RISC PIC16C74 microcontroller. The
tracking algorithm is basically a real time routine that
measures the current and voltage in the battery where a
hill-climbing algorithm indicated in Fig. 5 is used, the
instantaneous power is estimated and a step-by-step search
maximizes the solar panel power transfer.

The last 32 powers readings are averaged the power
variation AP) is compared with the last variation in order
to decide if the duty-cycle must be increased or reduced.

When the power variation is close to zero, the duty-cycle . . . .
remains in its optimum value since the maximum powe The collgcted power is delivered into a 12V lead-acid
j) ttery which stores energy for a resonant fluorescente
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Fig. 5. Control algorithm structure

has been attained. . The flyback converter waveforms a gamp inverter [13] schematized in Fig. 7. It is a Baxandal

ush-pull current-fed inverter, optimized for low dc
oltage application with extremely low losses.

presented in Fig. 6, showing a power flow of 14 W, th
battery current is shown with the transformer seconda
current and the Power-Mosfet terminal voltage.
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The capacitor C indicated in figure with transformer
magnetization inductance determine the non-load (without

L R lamp) circuit operation frequency. N5 and N6 winding
! : have the function for preheating the lamp filament and,
IO Lamp ' during the starting, there is not current in high voltage
_ — winding N4, until the filament temperature reaches the
Ns m c. Lol adequate value for electron emissions. The loaded (lamp
: turned on) operation frequency is determined by Req,
— 1w . e T transformer magnetization inductance, C capacitance and
N:“ - by lamp current stabilization element, that can be
SANES capacitive or inductive. Equations 3 and 4 present
R ? equivalent resistance and stabilization element calculus
' method, respectively.
Ve If
b R, ¢ R, req - (7T WCC)Z (3)
Q, Q, 8P
Fig. 7. Resonan{ inverter with capacitive stabilization 1 (4)
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The inverter maintains nominal luminous flow for a
small power applied to the lamp saving energy. For ballag{here: P is the lamp nominal power (W), i§ lamp
design purposes, a fluorescent lamp operating at higfperation frequency (Hz), r is lamp resistance seen by

frequency can be represe_nted 'by an equivalent resista ncipal circuit Q) and Q is the quality factor
load. Such value was obtained in laboratory using a vari imensionless).

and a photoelectric cell. It was adopted a 83% of nominal
power, which offers a global efficiency increase of
approximately 30% when compared to conventional
commercial systems using electromagnetic reactors. Q1
and Q2 transistors conduct alternately, with 50% duty- The solar pole photovoltaic system was intensivelly
cycle and are switched by the self-oscillating circuit: N3y mitted for laboratory and in field tests. Laboratory tests
winding and base connected R3, D, R1 and R2; the ZV@are done in two phases. Initially the maximum power
(Zero Voltage Switching) mode at turn-on and turn-offpoint was obtained by variation of the duty-cycle

keeps switching losses low. The Fig. 8 shows thgyanyally. This was accomplished by imposing to the
experimental waveform results for Q1 and Q2 coIIectOﬂybacl< converter switch a PWM signal generated by a
voltage. .. National LM3524-type modulator. The solar panel was
_The start-up does not need any special initialization pitute on this first phase by a programmable power
circuit, because R2-Q2 and R1-Q1 branches are not fully,hniy 1o simulated different solar intensity levels. The
symmetric, which implies that only one of the transistorg.acking algorithm was debugged with this set-up and then
will conduce initially, imposing constant current 10 theypjied in a second phase several field tests where the
circuit by N1 or N2 windings of the primary of the jjymination intensity was measured with a laboratory
transformer Tr. gauged cell (1000W/mrelated to the terminal voltage).
Fig. 9 present two power curves for the flyback converter

VI. LABORATORY AND FIELD TESTS



submitted for 5.5W. First curve shows the input power and Fig. 13 presents voltage and current values that limit
the second to output power delivered to battery. Theystem operation area. The manual PWM was substituted
maximum power was obtained when duty-cycle was 44%y the microcontroller and the system was submitted to
of switching period. It can be observed yet that differenceame levels of current and voltage. It was observed the
between input and output power is somewhat related to tleerrect operation of the maximum power point tracker

circuit efficiency, which was during all the tests a 96%algorithm, always reaching the same duty-cycle value

average.

obtained manually.
Fig. 14 depicts two field test curves with power

estimated and measured in the flyback converter output.
o Point of Maximum Power The curves represent measurements during December 1998
oo % in a sunny day in Sdo Paulo City.
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Fig. 10. Laboratory test for 10W input power

Fig. 13. Flyback converter optimum operation area

Fig. 14. Estimated and measured power during a day

VIl. CONCLUSIONS

This work presented a circuit topology capable of
maximum peak power tracking for a solar array with a
microcontroller. The microcontroller also performed the
functions of battery monitoring and a push-pull current fed
resonant fluorescent inverter command. A flyback
converter was connected the solar array to the battery, and
the optimum duty-cycle value was searched by a hill-
climbing algorithm. A serial communication was provided
to connect the microcontroller to a portable PC used for
battery life management and real-time clock settings. The
whole system was implemented and tested in laboratory
and subjected to comprehensive field tests, showing an
average efficiency of 96%, industrial robustness and
promises for paralleling for high power needs.
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