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Abstract — According to the nonlinear power-voltage method [4], the Incremental Conductance (IC) metaddthe
characteristic of the photovoltaic (PV) solar cellwe need to track Fuzzy Logic method [6], the Artificial Neural Netwio
maximum output power_instaqtly. Th_e aim of this_ pape is method [7], the genetic algorithm [8], etc.. Thésehniques
uphold the PV cell operating at its maximum power pint (MPP) vary between them in many aspects, including siitgli

and then make full utilization of its output power. For this convergence speed, hardware implementation, sensors
reason, the maximum power point tracking (MPPT) incemental . . .
required, and cost. The P&O is the most widely used

conductance (IC) is proposed to draw peak power frm the PV . . o
cell to maximize the produced energy under varying algorithm due to the simplicity of structure and tease of

meteorological conditions. The performance of the mposed implementation. But it has limitations that reduefficiency
technique has been analyzed through computer simuians to of MPPT. In fact, it can work well when the solaradiance
illustrate the validity of the designed method unde various and the temperature do not vary quickly with tirdewever,
climatic conditions. it can't track the MPP quickly and the output powisr
oscillating around the MPP. The IC method has bette
Keywords— PV storage system, DC/DC boost converter, Storage Performance than the P&O method. The main advargaye

battery, MPPT, Incremental Conductance (IC), Modelirg, method is that it can offer good performance undidly
Simulation. changing atmospheric conditions in addition toalslity to
achieve lower oscillation around MPP than P&O mdtHaut
. INTRODUCTION the oscillations around the MPP still exists cagsite energy

The demand of energy increases these last yedgsses.
considerably, in addition the conventional energyrees are  The reminder paper is structured as follow: thed®fage
dwindling and have a negative impact on the enviremtal sSystem description and modeling are presented atidde2.
such as greenhouse gases effect and also endanperiman Section 3 describes the IC MPPT technique. In 8eatj the
health and natural life [1]. In order to preseru&r matural analysis based on the simulation results, using
living spaces and protect their resilience, a remkwMatlab/Simulink software is conducted. Finally, diri
compatibility would require a suitable form of ahatives conclusions are drawn.
energy sources mainly renewable energy sourcesstiatid
be independent and easily accessible [1]. The Rablew Il. PHOTOVOLTAIC STORAGE SYSTEM MODELING
energy has an advance all over the world in thérenment The complete studied system is schematically shown
protection, since; it is clean, operating silentbng life time, Fig. 1. In our analysis, we consider a PV modulepsging a
low maintenance and absence of fuel cost and inmstiide, DC load, e.g. a battery through an adaptation stagsidered
in particular photovoltaic solar energy. Photovicltaystems by boost converter, driven by a MPPT assuming tagimum
have been widely utilized in various applicatiossich as efficiency for the energy transfer.
battery charging, water pumping [2], home powermpyetc.,

to convert the solar energy to electrical energpuph the PV R DC/DC Boost | Load
semiconductor devices called photovoltaic cellsedasn Module »| Converter & MPPT >
photovoltaic effect [3]. Techniau

In photovoltaic power systems, maximum power point
tracking (MPPT) is essential because it takesddilantage of
the available solar energy. And since the outpatatteristics A. Modeling and Characteristic of PV Module
of PV cell is nonlinear and changes with tempeeaind solar ~ As the PV module is composed of groups of cells
irradiance, its maximum power point (MPP.) IS nonsmaNt. - ,5qqciated in series and/or parallel, its modebsed on that
Under each condition PV module has a point at witictan fa PV cell. Th valent circuit of the PV dslish .
produce its MPP. Therefore, MPPT techniques caunseed to ora cell. The equivalent circult of the calishown in
uphold the PV module operating at its MPP and then Fig. 2 [9]. Series resistance &d Parallel Rare added to the
increase the PV system efficiency. model to take into account the dissipative phenaranthe

Many MPPT techniques have been proposed in thell (internal losses).
literature. Examples are the Perturb and Obsen&OjfP

Fig. 1 Block diagram of photovoltaic system.
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From these curves, it can be seen that solar &nadi has a
significant effect on the short-circuit current, ilghthe effect

on the voltage in open circuit is quite low. Regagdthe
power, as seen in the figure, it increases duitiegfitst hours

of the day and gradually decreases and we canlycleatice

the existence of the maximum on the power curves,
corresponding to the Maximum Power Poigp#

Fig. 2 Equivalent electrical circuit of PV cell.

The characteristic equation for the current andaga of PV Decembgr } } 490.17 Wim2
cell is given as follows [9]: Y Sy 7An A
<
o =Toh=la=l sh (€] 2
p p S é 05F--————-F—-———-—— PR A= \ \ G
3 297.32 W/m?)

I, = ph—lo{exp(%j(\/pﬂ gs)j 1} {LF;F’RS] )

Where:V, is the output voltage of the PV cell (V),i$ the
output current of the PV cell (A). T is the celitiperature (K).
a is the diode ideality factor. q is the electroharge
(1.60217*10"° C). K is the Boltzmann constant (1.38*0
JIK). R is the series resistance of cell)( R, is the parallel
resistance of cellcf). I, is the generated photocurrent (A), it
depends mainly on the radiation and cell’'s tempeeatwhich

is expressed as:

Power (W)

(3) Fig. 3 IV andP-V Characteristics at Constant Temperature and Mariab
Solar irradiancefor the typical clear day of one month of winteasen
(December)-Tetouan [10]

1000
Where:lscr is the short-circuit current at reference conditio
(A). G is the solar _irradiance (W/m2),; k6 the short-circuit Fig. 4, [10] shows the behavior of a PV module urttie
temperature coefficient. Ts the reference temperature (). effact of temperature variation and constant sitadiance,
is the reverse saturation current of d|0de_(A)s _|influenced considering an example of one month of winter (Deoer).
by the temperature according to the following emumt From these curves, we can clearly detect thatehgérature

5 has a very important effect on the open circuitage and a
T o] 1 1 no remarkable effect on both the short circuit entrand the
=1 rs exp . [ — (4)

G Voltage (V)
Lo :D scrtK (T -T r):l( )

o=les| - aK |\ T T power of the module.

. . To conclude, the more solar irradiance is high,mioee PV
Where: |sis the saturation current at reference temperatyg 4 e generates power. The more temperature isthew

(Ar‘])’ Eqols th%silicon br?nd gf'?‘p-l del i dhi more PV module generates power. These figuressing the
The PV module mathematical model is representedhby (o) meteorological data locally measured at regulervals

equation: (1 hour) throughout the typical clear day of Decemin
q V Rs Northern Morocco (Tetouan). To sum up, the use haf t
| = Npl oh” N pIO ex (—j —+—=||-1 MPPT techniques to extract the maximum availablgycat
akT '\L Np any changes is primordial
®)
_& i+| RS '
R, LN N, 2
§ 05
Where: N: series PV cell per module ,Noarallel PV cell per 3
module.
Fig. 3, [10] shows the behavior of a PV module untie 0
effect of solar irradiance variation and constamperature,

considering an example of one month of winter (Deter). Voltage (V)
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Fig. 4 1-V and P-V characteristics at constant solar irramiaand variable
temperaturefor the typical clear day of one month of winteasen
(December)-Tetouan [10]

B. DC-DC converter and Battery Model

A DC/DC boost converter also called step-up comver
a DC to DC power electronic converter steps up agat
(while stepping down current) from its input (PV dute) to
its output (battery), in order to force the PV miedio operate

For te [aT, T], when the transistor on OFF, the voltage s&ro
the inductor will change the polarity and the didi switch
in ON state. By applying Kirchhoff's theorem, wet:.ge

ng_l—h
dt

L—L:v V. )
dt °

Co%:iL_io
dt

Considering the periods of open and closed ciropération,
the state equations of the boost converter averaggel [11]
operating in continuous conduction mode (the curtierough

at the MPP. The used converter is composed of tidchhoff's theorem are:

semiconductor switches (a diode and a MOSFET s&13j
an inductor, an
respectively the ripple of the input voltage V ahé output

voltage \,, and one energy storage element. The battery is

represented by a simple voltage sourggirVseries with a
resistance R(internal resistance of the battery (Fig. 5).

e

-
=)

PV
Module

Vet ton,
‘f’ Time

Fig. 5 Boost converter coupling the PV modulei® battery.

It is periodically controlled with a modulation e T.
Over this periodt,, called the closing time anty; for the
opening time, we havel = t,, + tsr. The duty cycle of the
converter is defined aa=t,/T.

The switches are alternatively opened and closedt 0,
oT], as long as transistor is ON, the diode is OBE&ing
reversed biased. The input voltage, applied dyedt
inductance L which stores energy, determines altimising
current. By applying Kirchhoff's theorem, we get:

Qﬂl:i—il_
dt
o _,
dt

dv, _
o] dt o]

(6)

CopyrightIPCO-201
ISSN2356-5608

input and output capacitors to tlimi

the output inductor never reaches zero), by apglyin
dv . .
C—=i-i
1 dt L
di, (8)
—=v-({1-a)y,
it A-a)v,
dv, . .
L —= =l +(Q-a)i,
Where:
:Vb+R)io (9)

i andv are the output current and voltage of the PV nmedul
i is the inductor currenty, and v, are the average states of
respectively the battery current and the batteyage, v, is
the DC/DC converter output voltage, is the duty cycle,
which represents the control inplt,is the DC/DC converter
inductance andC; andC, are respectively the input capacitor
and the output capacitor of the converter.

I1l. INCREMENTAL CONDUCTANCEMPPT TECHNIQUE

The output power of the PV module changes with ghan
in direction of the sun, which means, change inarsol
irradiance level and change in temperature. Therw single
maximum power point (MPP) in the PV characteristi€she
PV module (Fig. 6) for particular operating cormiti The
process of operating of the PV module at this diomliis
called as maximum power point tracking (MPPT).
Maximization of PV power improves the utilizatiohtbe PV
module [12]. The incremental conductance method besesn
proposed in 1993 and expected to overcome the \distéabe
of P&0O method which fails to track the peak powainp
under fast varying condition$his method requires the values
of the PV module output current and voltage to wake the
conductance and the incremental conductance. THeutu
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power of PV module can be expressed RsVx1.Then the
derivative of product yields:

dP_d(V.I):|+V dl
dv dv

av

(10)

Where:P, V and | are the PV module output power, voltage

and current, respectively. The task of this techaits to track
the voltage operating point which conductance isaédo
incremental conductance.

As shown in Fig. 6, the slop of the PV module powetage
curve equals to zero at the MPP, increasing oretef the
MPP and decreasing on the right side of the MPH¢twis
expressed by the following equations:

P o= 9 o' atmpeT

av vV

dP a1

— >0=> —>-—,leftof MPPT

VAR VASIRY (11)
P o9 ! rightof MPPT

av v v

The equations (11) are used to determine the dredh
which a perturbation must occur to shift the opatapoint

toward the MPP and the perturbation is repeateidjcl%p,:o.

The flowchart of the IC method is shown in Fig. 7.

The operating point tracks MPP by comparing the éudiate
conductance (I/V) to the Incremental Conductand&l\f) as
explained in Fig. 7. Once, the MPP is reached oteration

of the PV module is maintained at this point unlasshange

in dl is noticed, indicating a change in meteoraial
conditions.

IV. SMULATION RESULTS ANDDISCUSSION

The PV module model, the average boost converteleino
implemented
Matlab/Simulink. In this study, SW 255 Poly PV mdelu

and the proposed MPPT method are

manufactured by Solar Word has been selected apdwiér
source. The used PV storage system to validat@rbgosed
MPPT technique has the parameters summarizes talbles 1.

The proposed MPPT method is evaluated from twodspe C
|

PV response to solar irradiance and temperatuiaticars. In
each figure, two different values of solar irragianand
temperature are presented for comparison in ocdshaw the
effectiveness of the IC method.

A. Theoretical results

For different values of solar irradiance G and terafure
T, the computation of the theoretical optimum valaé PV
currenti, PV voltagev, PV powerp, duty cyclea and output
voltagev,, is assembled in table 2.
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Fig. 6 Sign of the dP/dV at different positionstbe P-V characteristic curve
of a PV module.

TABLE |
SIMULATION PARAMETERS

Parameter Name | Value
PV module SW 255 Poly-Datasheet Parameters [13]

Prax Maximum power 255 W
Vinp Voltage at maximum power | 30.9 V
Imp Current at maximum power | 8.32 A
Voe Open circuit voltage 38V
Vs Short circuit current 8.88 A
Ki Temperature coefficient ofl | 0.051 %/K
Ng Number of cells per module| 60
T, Reference temperature 298.15 K (25°C)
E Reference solar irradiance | 1000 W/m?
PV module SW 255 Poly-Extracted Parameters
Rs Series resistance 0.2038Q
R, Parallel resistance 6500Q

''a Ideality factor 1.2646
lscr Short circuit current at STC | 8.8803 A
lis Saturation current at, T 3.0588.1F A
DC-DC Boost Converter
L Inductance 3.5mH

Input capacitor 4.7 mF

G Output capacitor 0.47 mF
Battery
Vy Battery voltage 48V
Ry Battery resistance 2Q

B. Simulation results

A simulation study was made to illustrate the resgoof
the system to solar irradiance G and module tenyrerar
variation. For this purpose, the solar irradianceat the
temperature T, whiclare initially at1000W/m2and 298.15K
(25°C), are respectively switched at 1s and 26a6W/maand
323.15K(50°C) as shown in the simulation figures Fig. 8 an
Fig. 9.
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Fig. 7 Flow chart for IC technique.
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Fig. 8 Change of solar irradiance.
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Fig. 9 Change of temperature.

TABLE 2
THEORETICAL RESULTS FOR GIVEN SOLAR IRRADIANCE AND TEMPERAJRE.
Value of GIW/IMAIT(K) | 1 (A) [V (V) P (W) a V, (V)
1000/298.15 K (25°C) 8.3200| 30.9171| 257.2313| 0.4578| 57.0222
600/298.15 (25°C) 4.9940| 30.5759| 152.6949| 0.4305| 53.6882
600/323.15 (50°C) 4.9372| 27.4711| 135.6315| 0.4827 | 53.1078
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Fig. 10, Fig. 11, Fig. 12, Fig. 13 and Fig. 14 shegspectively
the good convergence between the PV current, thagey the
power of the PV module, the duty cycle controlle DC-DC
converter and the system output voltage with tleoitstical
results, as a result the system operates at its &P a
is concluded from the
simulations that, when the solar irradiance andptrature
varies, the duty cycle of the boost convedes judiciously
adjusted to its desired value (Fig. 13), which ésr¢che PV
module voltage to follow its optimal value (Fig. )11

smooth transient response. It

System output voltage (V)

Consequently, the PV module power reached its malxim
operating in continuous conduction mode is useslifiply the

value (Fig. 12).
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Fig. 10 PV current.
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Fig. 11 PV voltage.
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Fig. 12 PV power.
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Fig. 13 Duty cycled).

V. CONCLUSIONS

In this paper we applied the IC technique to adstone

PV system with battery storage. DC/DC boost comvert
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needed power to the battery. The proposed system

Simulated

|

|

: Theoretical

1 15 2 25 3
Time (s)

Fig. 14 System output voltage.

30

simulated in Matlab/Simulink software. Five paraenstof the
polycrystalline PV module “SW 255 Poly” are extedttand
used to calculate the optimal values, for differesuiar
irradiance and temperature levels, of all of P\fent, voltage

and

power, duty cycle of the Boost converter ared istem

output voltage. As a result the system operatés MPP.
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