4th International Conference on .= s
Energy, Environment and Sustainable Development 2016 (EESD 2016) EEoU

174. Study of Incremental Conductance M aximum Power
Point Technique under Non-Uniform Solar Irradiations
Conditionsfor Solar PV system

M. Zuhail?*, Amjad Ali¢, Asghar AI?, Zahid Ali Memor®, Ahsanullah Memoh

aDepartment of Electrical Engineering, MUET SZABaikburmir’s, Pakistan
®PMehran University Institute of Science, Technolaggt Development
°College of Electrical Engineering,Zhejiang UnivéysiChina
E-mail address: zaibkamboh123@gmail.com

Abstract

To meet the increasing demand of power, there pgdrdse in the development and utilization of
renewable energy resources, particularly energyesefing from solar irradiations. In the recent gear
energy scavenging from sun has been receiving deradile attention due to versatile advantages. The
advantages by the photovoltaic (PV) system whentputise for energy conversion include low
maintenance cost, noiseless operation, no limitafi@conomical friendly and pollution free energy.
PV is considered as one of the most important rabéavenergy sources, since solar energy is
inexhaustible, free and clean. In this paper wd @ focusing on the maximum output power
utilization of PV array, by using incremental contince (INC) MPPT method, which is commonly
used methods to get the optimum efficiency from ®8tem under non-uniform solar irradiations.
MPPT'’s are used to maximize the output of PV arraystracking MPP. MATLAB software is used
for simulation and Microsoft Visio for diagrammirand flow charts. In this paper we will investigate
output voltage and power variations of INC MPPThtgque at different duty cycleg)(under non-
uniform solar irradiations. Which will help in seteng the appropriate MPPT technique and its merits
and demerits on solar PV array applications fanrieidevelopments.
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1. Introduction:

Power crisis are becoming extensive and more seirertbday’'s era. Because depilation of
conventional fossil fuels, which unlimitedly usedgower and transportation system. From the lagt fe
decades considerable efforts have been made taeutiénewable energy sources (RESS) in to
conventional power generation system to reduceapiel diminution of fossil fuels and environmental
pollution. Solar energy is one of the abundantlgilable sources of renewable energy which can be
one of the main source of future power generatigstesn in standalone and grid connected for
domestic, commercial and industrial applications [ue to its flexibility and adaptability in grid
connected or standalone mode, photovoltaic hasacédtl extensive attention of PV system
manufacturers and researcher for its maximum atitm and optimization. Technically there are two
ways to improve the effectiveness and optimizatibisolar PV system, either it could be possible to
develop low cost high efficiency solar conversioatemnials or to control the PV system at maximum
power point (MPP) for getting best possible oufpoiver. Because of the high cost of solar cells it
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necessary to operate the PV array at the maximwratpg point. Therefore maximum power Point
tracking (MPPT) is considered as an essentialgfdPv/ generation system and is one of the key issue
for researchers to reduce the effects of nonlirderacteristics of PV array [2].So far different
maximum power point algorithms have been proposedptimization of PV output power, such as
Incremental Conductance (INC) [3, 4], Perturb & s&tve (P&O) [5-7], Hill Climbing [8, 9], Fuzzy
Logic Control (FLC), Neural Network (NN) and GeieeAlgorithm (GA) [10-12].

Among all the aforementioned MPPT algorithms, inoeatal conductance (INC) and perturb &
observe (P&0O) are commonly used for small and lsgale PV power plants because both the
algorithms operates in accordance with power agaitage (P-V) curve of PV module and tune the
duty cycle of converter to ensure the next MPP tpadacordingly. In this paper we will be investigefi
the INC MPPT method under non-uniform solar irrad@ conditions with different duty cycles) ¢o
investigate its output voltage stability and powariations. PV array system configuration with MPPT
and DC-DC boost converter is depicted in Fig.-1.
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Fig.1. PV System Configuration with MPPT

2. PV Module Modelling

PV generation system are defined as voltage (Muarent (I) source. Practically solar cell is a hgb
behaviour device which can either be V or | souBecause of nonlinearity of environmental
conditions PV module has non-linear characteridtior PV system applications, it is important to
model it according to the design requirements ofPMIPIn this paper, 36 W PV panel is taken as
reference, and the required solar cell model isibped in MATLAB/SIMULINK by following the
equation-1 to 4. Whereas , PV module electricad daeet is given in table-1 [13].

A
o = [Iscr + Ki(T = 298) » =] @)

In equation-1 solar cell photocurrdp}, is obtained, where the short-circuit currégt=2.55A with
(STC) standard test condition2i°C and solar irradiation aD00W /m?. Further, thedc temperature
co-efficien(K; = 0'0017A/°C)' operating temperature of module is T in Kelvin.

.
he =27 [exp (22) - 1] @)

NskAT

In equation-2g = 1.6 X 1071°C, Voc is 21.24 as given in manufacturer voltage of PVigbadata
sheet, Boltzmann constait= 1.3805 x 10‘23]/K and ideality factor is (A=1.6).

lo = L[] exp[q » 22 { — 2} 3)

Bk lr, T

In equation-3, the band g&wo of silicon solar cell = 1.1eV

{q*(Vpy+IpyRs}]
Ipy = Np * Ipn — Ny *Io[exp{q*%]—l (4)

According to the data sheet specification of sganel as given in table-1. 3 KW PV system is
simulated where, in one PV panel humber of paratiédr cell (Np=1), numbers of solar cell in series
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(Ns=36) and PV output voltage-¥are equal to open circuit voltagedof PV panel.

Table-1: Solar 36W PV Module Electrical Data Characteristic

Description Rating
Maximum Power (MP) JTORW
Voltage at (MP) 16.56 V
Current at (MP) 225A
Open Circuit Voltage (Voc) 2124V
Short Circuit Current (lg¢) 255A
Total Number of Cell in Series (Ng) 36
Total Number of Cell in Parallel (Np) 1

3. Incremental Conductance MPPT Method.

The conventional incremental conductance methattiien by following the equation (6) to find the
slope of P-V curve. In equation 6 it determineg the& operating point of PV module is at its MPP
level as can seen in Fig 2. Whereas, referencquatiens (7) & (8) are operating at left and rigiute

of P-V curve to achieve the MPP accordingly by éasing and decreasing duty cycle of INC
controller algorithm methodology as shown in tabland in Fig. 3 its flow chart is given [14, 15] .
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Fig. 2. Incremental Conductance MPP Curve

Table-2. Incremental Conductance Algorithm Methodology[16]

hMode Mode MPP Level Status
Mode-1 dP /' dV =0 ALMPP Hold Ve =Ysupr
——— ?
Maode-2 dP /1 dFr = 0 Lefi side of MPP ]nn.rc#}:m, \-t?llﬁg{: ull
Vi Vipe
E—— -
Maods-3 dP/dV <0 Right side af MPP D“m{ff_ﬂ?if:f" Wil
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The scheme of (6), (7) & (8) is that the slope &f Burve at MPP is equal to zero as described)in (9

dp
=0 9)
Therefore, (9) can be rewritten as
dP _ d(sv) _ , dI av
v S ety (10)
dp, dI
Which implies that
dI I
v + 7= 0 (12)
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Fig. 3. Incremental Conductance MPPT Algorithm Flow Chart

However, in INC the slope of PV curve determinesvayying the converter duty cycle in fixed or
variable step size until the MPP is achieved. Hngdr step size helps to reduce the MPP tracking ti
but not get rid of the oscillation around MPP [1fffe smaller step size reduces the oscillation unde
rapidly changing solar irradiance conditions witteater efficiency but due to smaller step size and
complicated algorithm speed is slow [4, 18].

4, Simulation Results and Discussions.

To investigate the performance of incremental cotahce MPPT method under non-uniform solar
irradiance at different duty cycles. A MATLAB Sinink model was developed as shown in Fig. 4,
which consist of the PV array, a DC-DC boost cotererand incremental conductance MPPT
controller technique.
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Fig. 4. MATLAB/Simulink Model of INC MPPT

Furthermore, to investigate the effectiveness efiticremental conductance MPPT method at different
duty cycles and= 0.001, 0.005 and 0.01. The output voltage resnlFig-5 (A, B and C) in magenta
colour and output power in Fig -6 (A, B and C) iegn colour clearly illustrates that performance of
the INC MPPT.

Fig.5. Output Voltage of MPPT Control at Ad=0.001, 0.005 and 0.01

It can be observe in Figs. 5 (A, B & C) Ad is increases from 0.001 to 0.01, INC's outputags
decreases from the range of (385-407) volts to {3¥2) where the upper limit decreases to 10 volts
and the lower limit went down to 11 volts.
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Fig.-6. Output Power of MPPT Control at Ad= 0.001, 0.005 and 0.01
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In the same way, in Fig. 6 (A, B & C) output powsrINC at Ad = 0.001, INC's output power is
between (2775-3100) watts, andAait=0.01 INC's output power is (2625-2955).

Furthermore, table-3 surmises the measurement butgiage and power of INC at duty cychel=
0.001, 0.005 and 0.01 in order to verify the repledity of the results, It can be seen that smaliér
reduces the steady-state losses caused by thiatsgibf the PV operating point around the MPR, bu
it makes the algorithm slower and less efficienthie case of rapidly change in solar irradiationd a
larger step size contributes to faster dynamicsexgessive steady state oscillations, resulting in
comparatively low efficiency as it can easily bersén Figs. 5 & 6.
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Table-3. INC Output Voltage and Power Comparisons at Different Ad

Ad
Voltage Power
Irradi 0 0 0 0 0 0
ation 0 0 0 0 0 0
0 0 1 0 0 1
1 5 1 5
(W/m
%)
600 3 3 3 2 2 2
8 8 7 8 7 6
8 3 8 2 5 8
) ) 7 1 7
4 1 5
800 3 3 3 2 2 2
9 9 8 9 8 8
6 1 6 5 7 0
) ) ) 3 4 4
8 5 7
1000 4 3 3 3 2 2
0 9 9 0 9 9
4 9 5 8 9 3
) ) 1 2 1
9 4 7
5. Conclusion

This paper presents a study analysis of incrementaductance method with different duty cyclad)(
under non-uniform solar irradiations in MATLAB/Sihnk. Simulation results reveals smallad
decreases the steady-state losses caused by tlatioscaround the MPP and the larger the step siz
tends to faster dynamics but produces unnecessmadys state oscillations. Resulting in a
comparatively low efficiency. Considering the bggissible rapport of incremental conductance
simulation at 0.001 step change respons&dabbtained maximum power from PV system.
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