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Abstract- A simple circuit with PSO based MPPT, to recoves energy that will be lost due to the partial
shadings on PV modules is proposed in this th&sis.circuit can be readily retrofitted to an exigtPV system.
The main idea of the scheme is that, during pastiading, parts of the current from the non-shadedules are
harvested by an energy recovery circuit using pogkectronic switches and storage components. Téemp
evaluates and compares the proposed method witotheentional P&O algorithm based MPPT. To investg
the idea, an experimental analysis will be donfnid the effects of shading and simulation studihe proposed
system will be done using MATLAB/SIMULINK model.
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1. INTRODUCTION

Energy is the prime mover of economic
growth and the vital element for sustaining a mader
economy and society. Future economic growtl s
significantly depends on the long term availabilitfy a', Spensfse s
. | shaded cell in
energy from sources that are affordable, accesaitde

o ||I reverse hias region
secure. As a result of world energy crisis and th

growing demand for energy, conventional energ .Q\ ==

Unshaded cell in the string

sources becomes unable to cope with the world gner IEERTRRTELEES. String Current
demand. According to a 2011 projection by the
International Energy Agency, solar power generatol
may produce most of the world’s electricity within
next 50 years, dramatically reducing the emissimins

greenhouse gases that harm the environment.

Shaded cell in the string

Breakdown .. ] vV
voltage
) ] ) ) Fig.1: Effect of shading on solar PV cells
Photovoltaic energy is a source of interesting
energy; it is renewable, inexhaustible and Partial shading of a solar PV module is one
nonpolluting. It is more and more intensively used Of the main causes of overheating of shaded cells a
energy sources in various applications as it igduced energy yield of the module [2] [3]. A shado
considered to be one of the most efficient and -welfalling on a group of cells will reduce the totaltput
accepted renewable energy sources because of tH®irtwo mechanisms: by reducing the energy input to
suitability in  distributed  generation, mobile the cell and by increasing energy losses in thelesha
applications, transportation, and satellite systdms cells. Problems become more serious when shaded
regard to endless importance of solar energy, it Bells get reverse biased. This is because the ghade
worth saying that solar energy is a unique pergpect module acts as a load instead of a generator;
solution for energy crisis [1]. Unfortunately, PV consequently, a hot spot is created and if left
generation systems have two major problems: tHénprotected, the module may experience irreparable
conversion efficiency of electric power generatisn damage. Typically, every module is connected to a
low and the amount of electric power generated bjypass diode to divert the current in the caseactiad
solar arrays changes continuously with weatheihading occurrence. It must be noted that as leng a
conditions. Moreover, PV systems suffer from a majothe shaded module is being short-circuited by the
drawback which is the nonlinearity between the outp bypass diode, it is totally unusable [4].

voltage and current particularly under partialladad The paper proposes a simple circuit to

conditions. recover the energy that otherwise would be losttdue
the partial shadings on photovoltaic modules. Since
the circuit can be readily retrofitted to an exigtiPV
system, no modification is required. Several MPPT
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methods have been developed in relation to P#iodes, and the non idealities of the passive
systems in order to reach the MPP. In this surtley, components. A particular dead time of is applied
Perturb and Observe (P&O) and Practical Swarmuring transition of the paired switches. Howethbe
Optimization (PSO) MPPT algorithms are presentedead time does not affect the overall behaviorhef t
and compared under partial shading conditions. Aystem.
MATLAB simulation model that represents 36 cells

PV module has been used to test several shadi
profiles and results are presented.

n Similarly, when PV2 is shaded and PV1 not
sﬁaded, under mode %1 is turned ON. The current
flows throughS2, causing; to increase linearly due
to the constant voltage supply from PV1. Hencet par
of the energy from the PV1 is temporarily stored in
L1.during mode 2 operatioB? is turned ON an&l is

In this paper, a simple circuit that could be useturned OFF. Wher8l is turned OFF, the current is
for partial shading is proposed. The main feature dorced to flow through the freewheeling dioda?.
this approach is the ability to recover the powelhe stored energy ihl is released in the form of
generated by the shaded module and then procéssesuirent and flows to the load.
to become part of the output power, enabling iivéel
more power compared to the bypass diode topology.

r"'“'“l |

2. PROPOSED CIRCUIT

The proposed circuit acts as a “balancing”
element to equalize the currents between the shaded

Jooee) Inductor E"-.m and non shaded modules. This implies that durieg th
WiEH « 51L ¥ > occurrence of partial shading, the energy from the
Fr‘"’ﬁ_l\ A e e shaded module is recovered and transferred to the
FH & ! load. Since the output current is increased, wihite
| [ voltage across the shaded voltage is neav)jts the

i overall energy vyield is increased. The maximum
Digital MPPT) | Dury evele power point trackers are used to maintain the
R maximum power point. The MPPT minimize the
overall system cost and maximize the array efficyen
Fig.2: General Block Diagram of proposed circuit [0] [6]- Many algorithms have been proposed, irs thi
paper an energy recovery circuit with Particle Swar

Fig. 2 shows the overall circuit diagram ofQptimization based MPPT Controller is used to find
the proposed circuit to harvest the power from thgyt the maximum power point.

shaded module. To illustrate the recovery concapt,

string of two PV modules is used. The circuit is) 2 psSO-based MPPT for PV Systems

connected in parallel to the original PV modules, )

therefore, it can be easily retrofitted to the &nip PSO was introduced by James Kennedy and
system with minimum changes in the electricaRussell C Eberhart in the year 1995. PSO is a
wirings. The basic idea of this topology is to Bt stochastic, population-based EA search method,
modules until all modules in the string seem toehav@lgorithm maintains a swarm of individuals (called

v

equal power level. particles), where each particle represents a catelid
solution [7]. Particles follow a simple behavior:
1.1 Energy recovery circuit emulate the success of neighboring particles asd it

o ) own achieved successes. The position of a parcle
The main idea behind the proposed method igerefore, influenced by the best particle in a
that, during partial shading (Assuming that PV1 igeighborhood® best as well as the best solution found

shaded and PV2 receives a full irradiation) parthef by all the particles in the entire populatiGn,es The
current from PV2 is diverted to the energy recovergarticle positiorx; is adjusted using,

circuit (by turning S2 ON and the energy is stored kit K kit

i i S X e DT (1)
temporarily in a storage element, L. By doing $@ t X i+
string current can be maintained at the level geeer \yhere, the velocity componert represents the step
by PV1 and hence there is no need for PV1 to hgze The velocity is calculated by,
bypassed. As a result, PV1 is still able to activel
produce power (albeit in a lesser amount, depending 1= v, ¥+ ciry(Ppest- % ) + Cor2 (Gpest- X ©)..(2)
on the shading condition) because its voltage is no ) S )
zero. Meanwhile, the energy stored in L will bewhere, w is the inertia weightl andc2 are the
released back to the output via D1 (by turning OFRcceleration coefficientsl, r2, ¢ ,U(0,1), Ppesd is the
S2). Thus, ideally, using this scheme, no PV paer Personal best position of partideandG best is the
wasted except for the losses due to the switchdest position of the particles in the entire popata
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i) In the case of rapid fluctuations in the
@ environmental conditions, the P&0O method can lose

the direction of new MPP and tracking could be eniv
into a wrong direction. However, the proposed métho

| Generating random initial particle values ‘ works on three duty cycles. Since the operatinggrow
1 information is obtained from all three duty cyclés,
Caleulate the objective fanction of each never loses the direction of MPP in rapid fluctoas.
particle iv) In the condition of partial shading, the PV
1 characteristic curve is characterized by multialgs.
i.| Min(OF) = Ghest | As a result, the conventional methods are mostylike

to trap at local maxima. On the other hand, the PSO
method works based on a searching scheme. Hence, it
can still track the global peak correctly [9]. A DT
boost converter serves the purpose of transferring

Pbest=Previous
particlevalie

OFnew <OFold

Ves maximum power from the solar PV cell to the load. |
‘ Phest = new particle vahie ‘ acts as an interface between the load and the RV ce
| By varying the duty cycle of converter, the ratib o
‘ Min (Pbest) = Gibest },_ input and output voltage could be adjusted
appropriately.

3. EXPERIMENTAL ANALYSIS

The proposed energy recovery system is
validated using MATLAB-Simulink simulation and an
experimental analysis on effects of shading wase als

Fig. 3: Flowchart for PSO method conducted. Experimentally, the ELDORA 40PV
module is used. Its peak rated power is 40 W (V7.4

If position is defined as the actual duty cycle iwhi 2.30 A) at standard test conditions (STC). PV medul
velocity shows the perturbation in the present dutynder normal radiation The obtained results of the
cycle, then equation can be rewritten as, experiments are shown in Table. 1 and with theeslu

d* i =d ot (3) obtained during normal radiation (no shading) and
However, for the case of PSO, resulting perturiatiounder partial shading were plotted in the following
in the present duty cycle dependsRya;andGyes If  figures.
the present duty cycle is far from these two dutyrapie 1. PV module characteristics with and withou
cycles, the resulting change in the duty cycle alitlo shading
be large, and vice versa. In the latter, the plstion

in the duty cycle is always fixed but in PSO it iear No Shading Shading
according to the position of the particles. Witloper S| v v P
choice of control parameters, a suitable MPPTNO V) [(A) | P(W) W) I (A) (W)
controller using PSO can be easily designed. 1 0 222 0 0 032 0
Operating Principle of PSO based MPPT: i :

The figure 3 illustrates the flowchart of the PSQ 2 6.5 2.2 14.3 3.5/ 031 109
method [8], )
i) Equation (1) shows that the perturbation in duty 3 43| 216] 3089 43 O3f 133
cycle is computed by two differerent terms: the 4 | 158 | 1.97| 3113 51 031l 1.%8
difference between _the previous duty cycl_ék)dand 5 168 | 1.76/ 2957 7 031 217
the local best particles,p&:, , and the difference |
between the previous duty cyclgk) and the global 6 178 | 134 23835 84 031 260
bhest partli)cle Gbest. ('jl'hus, the hpower convertekksrac| 7 181 | 1.17! 2118 105 0.31 3.26
the two best Rq;jand Gegat the same time. As a
result, the tracking spaces are searched to obtain 8 18.6 | 0.86) 15.99 13 0.3 3P
optimal solution with a faster speed. 9 19 0.58| 11.02] 1453 0.29 4.21
i) Once the particle reaches MPP, the velocity qf
particles is practically zero. Hence, at steadyeste 10 | 193 0 0 159 0 0

oscillations will be seen. These steady-state laticih
are very critical because it is one of the majaisoms
for the reduced MPPT efficiency.
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Fig 5: P-V characteristics of solar cell with and

without shading

From the |-V characteristics and the P-V
in Fig. 4 and Fig.
respectively, the variation of current and powethwi
respect to voltage during normal radiation andiglart
shading conditions can be observed. Partial shadi -
limits the output current and power. =
concluded that, there is a substantial power losstd
non uniform illumination. The power generated by
highly illuminated cells is wasted as a heat in thc =
poorly illuminated cell resulting in destructiof the

characteristics shown

shaded module.

4. DESIGN AND SIMULATION

It can be -

Short circuit current ok A 2.45
Voltage at max power |V 17.4
Current at max power mh | A | 2.30
Total no: of cells in series N 36
Total no: of cells in N, 1
parallel

Boost converter is designed using,
L > (V,D(L=DYT)/2l
C < DT/QAVIV,R
Energy recovery circuit is designed using,
L = Ve DT /Al

4.1 Simulation results
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Fig 6: MATLAB simulink model of solar panel with
energy recovery circuit and MPPT

PV module represents the fundamental powe?®-
conversion unit of a PV generator system. The dutpts
characteristics of a PV module depend on the solég

insolation, the cell temperature and the outputags

of the PV module. Since PV module has nonline

characteristics, an energy recovery circuit is asagy

to model for designing and simulation of maximum®
power point tracking with boost converter for PV /

system applications [10].

Fig 7:Power output when PV1 & PV2 = 1000 W/m

Table 2: Electrical characteristics4dW PV module

Rated power

Fn

w

40

Open circuit voltage

¥

\Y

21.90
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Fig. 8: Power output using energy recovery circuit
when PV1 = 500 W/m& PV2 = 1000 W/m

Fig. 9: Power output without using energy recovery
circuit when PV1 = 500 W/f& PV2 = 1000 W/

Under normal radiation, output power
obtained is almost 75 W. Under partial shading (=50
W/m?), the output power is only 25 W without using
an energy recovery circuit is about 60 W using gyer
recovery circui. Hence, it can be concluded thdith w

an energy recovery circuit, the power that is Iosrﬁ%]

during partial shading can be recovered and thus
module remains unusable.

Figure 10: Hardware setup

5. CONCLUSION

. L . 8
A simple circuit is proposed to increase thé ]

321-9637
at www.ijrat.org

including partial shading condition and large
fluctuations of insolation. Experimental study dame

a 40W PV module shows variation in output power
during normal radiation and partial shading.
Simulation study using MATLAB/SIMULINK model
with energy recovery circuit results in marked
improvement in the output power, especially under
heavy partial shading conditions. The extra power
generated is expected to compensate for the cadisé of
extra components in the retrofit circuit and getesa
profit in the long run.
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