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ABSTRACT
In this paper, the design of controller that resdithe operation of PV panel at its maximum power
point tracker by means of microcomputer- based Marn Power Point Tracker, MPPT, and then
examines the efficiency of system controller. Thaximum power point tracker system used
consists mainly of solar panel source, DC/DC caevefload conditioner), the microcomputer
proceeds the data and execute the MPPT algoritlexgdta acquisition or acquires the real current
and voltage from the panel, and the load. The allesystem operation is implemented practically
using the most popular three control algorithmsrt{Pbation and Observation, Incremental
Conductance., and Power derivation), and the obdanesults demonstrate the reliability of the
control system.
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1. INTRODUCTION MPPT is not a mechanical tracking systieat

The energy extracted from a solar panel is stronglythe modules or panels to make them point more
limited by the physical constraints of photovoltaic directly at the sun. MPPT is a fully electronic teys
cells. The approximate power density of the that varies the electrical operating point of the
insulation on a sunny day is around 1000W/in modules or panels so that the modules or panels are
combination with solar cell efficiencies betweer®d5 able to deliver maximum available power. MPPT can
and 17% this vyields a maximum possible power be used in conjunction with a mechanical tracking

output between 150WArand 170W/ri There are  System, but the two systems are completely difteren
two ways to increase the power coming from a The MPPT is required to make sure that the system

photovoltaic array: One can add more panels to theOPerates close to the maximum power point (MPP)
array, which means an increase in area requirementyvnen it's subjected to changing environmental
and a great increase in cost for material. Oneatsm  conditions, Provide high conversion  efficiency,
attempt to make the existing array always worksat i Maintain  tracking for a wide variation in
highest possible efficiency [1]. Since the PV panel _enwronmental cond|t|ons, and Provide an out_put
generates an electrical power so it is logically to interface capable with the battery charging
extract all the power generated in order to mingmiz requirements. The main target of this paper which i
the cost of PV system. realization of the controller that force the sqtanel
Maximum power point tracking (MPPT) is an [0 Operate atits maximum power point (MPPT), three
electronic system that operates the photovoltaiy (P Methods will be presented during the paper namely:
modules or panels in a manner that allows the Perturbation —and  Observation,  incremental
modules or panels to produce the maximum po\,\,erconductance, and power derivation algorithms.

they are capable of.
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2. METHODS OF MPPT and determines finally the control signal necessary

There are many different approaches to extract thefor the adequate operation of DC/DC converter.

maximum possible power out of the P.V. generator. Referring to Fig. 1, the maximum power point

Some of the concepts are very robust and simple tracking system consists of the following subsystem

whereas other approaches require very sophisticated A pv panel (Type: LG250-12).

logic devices such as microprocessors combined with . oo
. : - o 2. Sensing circuits (voltage and current).

high-power high-efficiency switching converters.

There are a number of Maximum Power Point 3. Load conditioner (DC/DC bo_o;ter)_
Tracking (MPPT) techniques. All of these methods 4- The controller, that can be divided into:
require an algorithm to specify the location of the e Data acquisition.

operating point with respect to the maximum power e MPPT algorithm manipulation.

point. Some of them deliver only a sub-optimum
power output. A good MPPT technique should T
produce a high efficiency at low cost because PV e Driving circuit.

e D/A converter.

systems will have to be mass-produced. These e
methods can be classified as indirect methods Of | ,.pecator frpr ,I/ o rond
direct methods. B

2.1 Indirect Methods

I W r—

Indirect methods are those which use an outside [ sensing cizcuit | |

. circuit

b

signal to estimate the MPP. Such outside signas ar F-—f—— i
|

i

|

|

|

I

|

derived by measuring the irradiance, the module |
temperature, the short circuit current, or the open l
circuit voltage of a reference cell. [

A set of physical parameters has to be given, hed t
MPP set point is derived from the monitored signal. e
Derived set point on basis of design parameters,
operational parameters, or system characteristics [

2.2 Direct Methods

Direct methods, are those which depend on direct
measurements of the solar panel. Algorithms in this

category are usually based on the measuremeng of thpractical implementation. This model is used to

DC input current and voltage. ; ; o . .
_ _ _ investigate the variation of maximum power point
Different algorithms were implemented to detect or jth temperature and insulation levels.

track the MPP using the measured values by digital
signal processor or by analog circuits, refer to
references [1 to 8]. Adjustment of MPP may occur
continuously or intermittently. Many direct methods
exit in literature such as simple panel-load maighi
Voltage control method, Power control method, and
Current control method.

MFPT
algorithm

system

Fig. 1. Block diagram of MPPT system
3.2 Model of PV and Model Verification

Modeling of a panel is very important issue, siace
model can be used for performance study, analysis,
and prediction of the system response prior to its

A solar cell is usually presented by an electrical
equivalent one- diode model, as shown in Fig. 2 Th
model included temperature dependence of
photocurrent, 4, and the saturation curreng, of the
diode. A series resistanceg R®as included, but not a
shunt resistance.

Lo I

3. EXPERIMENTAL WORK — Ry  ——+

3.1 System Overview G 41 — ©

As known, in most cases when the load is connected § ° AY
directly to the P.V. panel output, the power extdc .

from the panel is not the maximum value. The T o

extraction of maximum power from P.V. can be ) o
obtained by means of a load conditioner situated  Fi9- 2. The circuit diagram of the PV model
betWQ_en the P.V. and the |0.ad, the aim of this The P.V. pane| used in this paper is the LGISQ-
conditioner (DC/DC converter) is to force the P.V. consist of six modules connected in series. Each of
panel to operate at its maximum power point (MPP) these modules has 36 single crystal silicon saiis c
and then a maximum power can be extracted. connected in series. It can generate maximum durren
The heart of the above point is to control the 2.35 A and a voltage of 16.6 V and each module give
operation of the DC/DC converter according to the rise to a maximum power of 39w. Figure 3 shows a
measured values of P.V. current and voltage, and arphotograph of the panel while table (1) presengs th
algorithm (program) that processes the measured dat specifications of one module [9].
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Fig. 4. Simulation and practical I-V curves (PV
Panel) for G= 897.67 W/frand T,=32°C

; ' -
Fig. 3. Photograph of LG250-12 panel

The method of parameter extraction and model Igv 12FR20
evaluation in MatLab is demonstrated. The panel — LA

used in this paper is given by equation (1), (reder
reference [10] ). IRFF 240

Vv — i
c=470uf == FL
sk “T

Ly~
V= U.DZﬁlT{Err [—"—] — 3.0241
‘s

@ )
Where:
L =255 X107°6[1+ K, (T, — T,)] Fig. 5. DC/DC boost converter
I, = B8.065 X 107 3(T_)3exp [_31.112@_ 1}] The required elements for the boost converter are:
© MOSFET transistor, inductor, capacitor, and diode.
Table 1, LG-250-12 module specifications An n-channel enhancement mode power MOSFET
S ol | Nomim el — IRFP240 is selected as a high speed SV\_ntchlng devic
Reforence fom - . . for the boost converter, the value of inductor and
perature e 23 C . .
capacitor are 200mh and 4ifOrespectively, and a
Open cireuit voltage T. 2111 v diode 12FR20 [9].
Short cirenit current I, 235 4 3_4 System Software
oltge 2 mavimum pover & 08 " With the hardware circuit design completed, thetnex
e e L 233 e step is the software interpolation of the MPPT
Maximum power . e i algorithm and control of the hardware for the data
Number of series cells x, 36 acquisition and output. During the realization loé t
Tdeality factor n i) presented paper, three algorithms were executed,
Solar intensity af st. cond. G 1000 W jm* these are:
Short cireuit temp. coefficient £ el 3.4.1 Perturbation and Observation Method

In order to obtain a fair model its necessary the (P&O). . .

comparison between the experimental and simulation] "€ P & O method is widely used in MPPT, because
results for the same conditions. Figure 4 repretbent |t Nas @ fewer measured parameters. It can track
experimental and simulation results for the case of M@Ximum power point quite accurately through
G=897.67 wirhand T=32C of PV panel. variations in radiation and_ temperature. It ope;eh_lye
perturbing the system by increasing or decreasiag t

3.3 Design of Chopper panel operating voltage and observing the impact of
The most critical section of the power trackerbis t  this change on the panel output power. Figure & is
switching converter section. The converter force th flow chart of the P&O algorithm. As shown in Fig. 7
P.V panel to operate at its maximum efficient point jf output power has increased, panel voltage is
while converting the energy provided up to a vatag adjusted in the same direction as in the previous
that is can be used by the rest of the systera.dlso  cycle. If the output power had decreased, panel
in this section that optimal component choice is voltage is perturbed in the opposite directionrethe
important. Since all the panel energy flows through previous cycle. When the maximum power point
the converter, any resistance or loss will contekto (MPP) is reached, the output voltage will oscillate

the power loss of the system. The circuit of this around the maximum operation voltage.
converter is shown in Fig. 5.
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Fig. 7. P-V characteristic of PV panel

3.4.2 Incremental Conductance Method (Inc.Con).

The Incremental
proposed to avoid the drawbacks of the P&O MPPT
method. It is based on the fact that the derivatif/e
the output power with respect to the panel voltage
equal to zero at maximum power point. The output

voltage and current from the PV panel are monitored

upon which the MPPT controller relies to calculate

Conductance method has been

The derivative of output power is:
dP_ di

——=V_—+I1=0
dv = dv 2)(
a__1
av ~ Vv 3)
This leads to the following set of equations:
dP
@79 at the left of MPP (4)
£-9
av at MPP (5)
L<o .
av at the right of MPP (6)
Figure 9, illustrate the flowchart of Inc-Cond
methods.
PV
output P
power % dp g

A

max

Fig. 8. PV characteristic of PV panel

Read Ppnfs), bnfn) |

A= I Bl
Ty ¥t V)

‘ V= V- Alpy ‘ ‘ V= VoAV ‘

| Vo bttt | | Vo= o0 |

} }

Fig. 9. Flow chart of Inc. Con. algorithm

3.4.3 Power Method (Power
Derivation )

Measurement

the conductance and incremental conductance, and t®Y measuring the panel voltage and current, the PV

make its decision (to increase or decrease duly rat
output). From the PV characteristic of PV panel tha
shown in Fig. 8. The derivative is positive to th#

of the maximum point and negative to the righthef t
MPP. Mathematical of the Inc.Cond algorithm is
discussed below.

panel output power is calculated and compared to
previous PV output power. Depending on the result
of the comparison, the duty cycle is changed
accordingly and the process is repeated until the
maximum power point has been reached. The MMP
tracking process is shown in Fig. 10 and the
flowchart of this method shows in Fig. 11.
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Fig. 10. MMP tracking process
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V(K) I{K)

F "

Calculate power
P(K) = ViK) * I{K)

3

Duty Cycle = Duty Cyale4-a | | Duty Cyele = Duty Cyele — a

Fig. 11 MPPT control flowchart of measure PV
power methodg, step of duty cycle )

4. EXPERIMENTAL RESULTS
4.1 Evaluation of Boost Converter

This converter is capable of delivering most of the
input power from P.V. panel to the load. The
following results show the behavior to the boost
converter under different switching frequency and
duty cycle ratios that could affect the power
efficiency of the boost converter. Figure 12 shows
the practical obtained relation between the switghi
frequency (Hz) and the booster output power
efficiency. The duty ratio was set and kept cortstan
at 50%. The input of converter is the P.V. panel
output. The input and output power are recorded
under various switching frequency. Then, the
switching frequency is kept constant at 3KHz
(optimum frequency found in Fig. 12 ) and the duty
cycle is varied while the power efficiency (P P,)

is recorded and represented as shown in Fig. 13.

4.2 Testing the MPPT Algorithms

In order to demonstrate the effectiveness of the
maximum power tracking algorithm and to show how
to extract the maximum power from the PV

generator, the strategy used in the presented paper

consists of the following steps.

Engineering Research Journal, Minoufiya University, Vol. 33, No. 1, January 2010

1. Study the operation of the PV generator witlectir
connection of the load (without MPPT controller or
without load conditioner) for a certain period iohé.

2. After a certain time determined in (1), let the
controller operate and the MPPT algorithm control
the operation and force the PV generator to opémate
its maximum power point.

When the above strategy is applied it is very sampl
to note the difference between the case of direct
connection and the case of conditioned connection
where the power difference is very large and clgar,
the main goal of MPPT algorithm is satisfied. This
strategy is applied for the three methods consitlere
in this paper under different value of radiatiordan
constant load. Figures 14, 15 show the practically
results of panel power when the P&O algorithm is
applied with respect to time and panel voltage
respectively. Than the Inc. Cond. algorithm is
applied and it gives the practically results that
illustrated in Figs 16 and 17 of the panel power
verses time and panel voltage respectively.

While, the practically results of third method of
MPPT algorithm applied in this paper (Power
Derivation Algorithm) are illustrated in Figs. 18d
19.

Power Efficiency (%)

0
0 1000 2000 4000 5000 6000

Switching Frequency (Hz)

. 12 Power efficiency of the converter vs
switching frequency

Power Efficiency (%)

Fig. 13 Power efficiency of the converter vs. duty
cycle



Adel A. Abosnina, Mahmoud Shaker, "Design and Imelgation of Digitally Controlled Photovoltaic ..."

4.3 Long Run System Operation o

In order to demonstrate the reliability of the
controller, the system is executed for long timel an
the practically results are obtained for different ol
algorithms. Figure 20 show the results for
Perturbation and observation algorithm. Figure 21
demonstrate the results for the second algorithm
(Inc.Cond algorithm), while Fig. 22 shows the résul
for power derivation algorithm.

Finally, Fig. 23 shows the results of the three et
different algorithms at the same chart. |

T T T
1With Conditioner
(=988 567 wim"2

panel power (w)
Direct connection

@
3
T

G= 323,158 w/m"2

time ( sec )

5.CONCLUSION
Fig. 14 panel power vs. time at G=933.567 \§/m

The presented paper introduced the design and 34 323.158W/fh R =702 applying P&O
practical implementation of the computer-based algorithm.

maximum power point tracker to allow the transfer o .
maximum energy generated by photovoltaic panel to ‘ ‘ G983 567 wim2
the load. The main goal of this work is to incretise o st

efficiency in comparison to systems have no MPPT, ’
and thus to reduce the size and cost of the PVlpane |
To demonstrate the effectiveness of the MPPT
control, the load is first connected directly tceth
panel without MPPT controller of a certain time and
then a controller is applied, in this last cases th s} SR . 1
power obtained from the panel increased and the \:i .

panel operated in its maximum power.

The computer is used to fulfill three goals namely,

system variables monitoring, measuring device, and % I 5
. auel Voltags

the mainly controller.

Three methods of MPPT control algorithms are
applied (P&O, Inc-Cond, and Power derivation), the
obtained results are almost the same but there ar¢ ™
some differences in the response time. We
considered that the power derivation as algorithm
simple in implementation and gives more stable
results than others.

From all results, its clear that, the performanée o
system under conditioner is much better than the
direct connection, the change of operating voltage

not large when the radiation is changed, the respon
system under MPPT control is satisfactory when it
operates under random environmental conditions ol o o o

panel power { w)

Fig. 15 P, vs. V,,curve applying P&O algorithm

T T
With Conditioner
G=933 567w/m"2

100

Direct Connection

panel power (w)

G=394 9Twim"2
S0

(clear and largely cloudy day), and the operating time i)
point of the panel always operates around the MPPP a Fig. 16 Panel power at G=933.567 Wand 394.67
radiation varies. All these results demonstraté ttie w/m?, R =7000 using Inc. Cond. Method

MPPT controller dominates the dynamic behavior of
the PV power generation.
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Fig. 17. Panel power vs. Voltage at G=933.567 %/m
and 394.67 w/f R =700 using Inc. Cond.
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Method.
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100 B
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Fig. 18 panel power vs. time at, R7002 and
G=951.52 w/rh, 323.16 w/rfi using Power

Derivation Algorithm.
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Fig. 19. B, vs. V,,curve using Power Derivation

Algorithm..

panel power (w)
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| | . |
200 400 E00 00 1000
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Fig. 20. Long time run of Power vs. time
(Perturbation and observation algorithm)

! ! ! ! !
200 400 600 00 1000 1200
fime  sec )

Fig. 21 Long time run of Power vs. time. (Inc.Cond

panel power (w)

algorithm)

2 0 60 &0 1m0 1200 M0 0 18 20
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Fig. 22 Long time run of Power vs. time. (power

derivation algorithm)
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Inc-Coud
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Fig. 23 Comparison between control algorithms at
G=789.94 w/mhand R=5000
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