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Abstract— This paper presents incremental conductance
(IncCond) MPPT using direct control method in which duty
cycle is adjusted inside the algorithm thus need for use
another control loop is eliminated while tracking is done
perfectly. The steady state oscillations are reduced and
dynamic performance is improved. Design and theoretical
study and analysis of the proposed system are provided and
its feasibility is investigated in Matlab/ Simulink
simulations. Eventually results are submitted to evaluate the
closed loop system.
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Since utilization of photovoltaic systems commercially
to generate electricity, there has been lack of satisfying
efficiency as the most significant dilemma. To overcome
this problem some physical and electrical strategies have
been invented. Because physical methods require
additional hardware and equipment, electrical methods
fascinated more attention and interest. Maximum power
point tracking is an electrical method created for the

INTRODUCTION

purpose of achieving best efficiency and helps a PV
system to always operate on the MPP at any operating
condition. In other words, maximum power point trackers
follow the MPPs using electrical rules and conditions to
minimize the risk of power system failures exist due to a
variety of ambient conditions. MPPT methods should be
implemented to cope with the atmosphere conditions and
extract the maximum power from the solar array.

In the last few years using maximum power point trackers
are going to be very trendy in every PV system. It is
almost essential in some categories of PV systems such as
standalone systems to extract the most available power of
the PV modules; thus searching about the maximum
power produced by these systems is really vital.

Realizing the necessity of MPPTs, there have been
dozens of different techniques proposed and still new
articles and conferences are introducing new methods
over and over again. Among all these methods some of
them show excellent performance where the insolation
and temperature are changing continuously [1-6].
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Conventional incremental conductance method faced
some alternatives on various aspects as well; such as
fixed step size or variable step size. In the variable step
size [8-12] verification, the efficiency is increased only
1% while the complexity of calculating new parameters
such as “scaling factor” and step size is arduous and
challenging. It requires calculating and setting the new
factors for every PV system separately and follows
tiresome rules.

Also some verification has been made in the fundamental
principles of control circuit to improve the performance
of the algorithm [13]. All these methods had affected the
efficiency, speed and accuracy of the whole system but
consecutively the cost and particularly the complexity of
the system had been increased remarkably [1], [8-16].
Another evidence that shows the importance of simplicity
of a system is that methods which were more
uncomplicated and easy to implement such as P&O or
hill climbing [17] draw more attention and used in other
topics. Unfortunately, along with simplicity of these
methods, there are excessive oscillations when they reach
to the MPP results in high power losses. Hence
employing a more accurate and efficient method that is
also simple and easy to implement is a concern.

Searching in the offered methods, rarely can find a
system that focuses on reducing the complexity while the
efficiency improved or at least maintained.

Incremental conductance method is the algorithm that
exhibits better performance than other techniques [5], [6],
[13], [15]. It is more efficient, accurate, rapid and low
technique complicated
mathematical operations and is independent of device
physics. This control scheme can easily implemented
using low cost microcontrollers and writing the program
needs just a little literacy in C language and familiarity
with programming.

In this paper, Incremental conductance with fixed step
size is simulated. The main concern is to make design
easier and straightforward on the whole system and
evaluate tracking accuracy, steady state oscillations and
efficiency.

cost without need for
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II. INCREMENTAL CONDUCTANCE ALGORITHM

This method is based on the fact that slop of the PV
array power curve is zero at the MPP, increasing on the
left of the MPP and decreasing on the right hand side of
MPP. This can be express as follows:

2k — 1) At MPP

i

>0 ) Left of MPP
< <0 3) Right of MPP

The flowchart of the fixed step IncCond MPPT is
shown in Fig.1.

The algorithm starts by obtaining present values of /(k)
and V(k) and using former values stored at the end of the
preceding cycle, I(k-1) and V(k-1), then judge whether the
voltage variable is zero, if it was zero then judge whether
the current variable equals zero. Then if the current
variable is also zero, it means that PV is operating on the
MPP so the conductance should remain same and the
current instruction does not need to change [8].

Two other checks are included to detect whether a control
action is required when the array was not operating at the
MPP; in this case the change in the atmospheric
conditions is detected using (dI # 0). Now the control
signal adjustment will depend on whether dI is positive or
negative, if the incremental change in current is positive,
the voltage instruction should be increased, otherwise be
decreased.

On the other hand there is a condition where the voltage
variable is not zero, thus another check is carried out by
comparing 5—; with — é .

According to the result of this check; the control
reference signal will be adjusted in order to move the
array terminal voltage towards the MPP voltage. At the
MPP, no control action is needed, therefore the
adjustment stage will be bypassed and the algorithm will
update the stored parameters at the end of the cycle as
usual. If it was not true then if the conductance variable is
more than the negative variable, the voltage instruction
should be increased, otherwise be decreased.

III.

When a PV module is connected to a load the
operating point of the PV module will be at the
intersection of the 7V curve and the load line.

Firstly, the PV module /V curve is simulated and load
matching will be discussed subsequently.

A. PV Module 1V Curve

To draw IV curve of a PV module, basic equations and
characteristics of PV module is needed. PV output current
equation shows that current and voltage of the PV module
are non-linear and exponential. Here it’s an equation for a
module which is made up from solar cells [5]:

LOAD MATCHING

lo = Myl — nylys [exp (ko ni) 1] &)
Where:
s
Iph = [Iscr + ki(T - Tr)] 100 (5)
and
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The parameters are as follows:

I, is the PV array output current,

V is the PV array output voltage,

Iph is the cell photocurrent that is proportional to solar
irradiation,

Irs is the cell reverse saturation current that mainly

depends on the temperature,
_q

K, is a constant, calculating from: k, A where ¢ is

the charge of an electron, k is Boltzmann’s constant, T is
the cell temperature in Kelvin, 4 is the p-n junction
ideality factor it ranges between 1 and 2 where 1 begin the
ideal value.

ns and n, are respectively the number of series and
parallel strings in the PV module

I, is the cell short-circuit current at reference
temperature and radiation,

k; is short circuit current temperature coefficient,
T, is the cell reference temperature,

S is solar irradiation in mW/cm?.

T, is the cell reference temperature,

I is the reverse saturation at T, ,

E is the band-gap energy of the semiconductor used in
the cell [12].

KC85T module was chosen to be modeled and
simulated. The electrical parameters are shown in table I.

TABLE L
ELECTRICAL PARAMETERS OF THE KC85T MODULE FROM DATASHEET
Electrical characteristics KC85T
Maximum power Pmax 87w
Voltage at MPP Vmpp 17.4v
Current at MPP Impp 5.02A
Open circuit voltage Voc 21.7v
Short circuit current Isc 5.34A
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Fig. 2, illustrates the IV curve of the mentioned
module. It shows that there could be many operating
points on each /V curve depending on the load. These
points are located at the intersection of load and /V curve;
nevertheless there is unique impedance compatible with
the MPP in that operating condition.

B.  Mechanism of Load Matching

It is usually a DC-DC converter as the power stage
conversion located between the PV module and load [14],
[21], [22] to keep the operating point on the MPPs. By
changing converter duty cycle the intersection point can
move to the knee of the IV curve results in MPP.

The basic idea that makes switch mode power supply
(SMPS) converters device of choice is the phenomenon
so called “load matching”. It refers to equalizing
impedance of the load with the impedance seen by the PV
module. Since SMPS converters exhibits good efficiency
and their duty cycle is adjustable and adaptable, by setting
the duty cycle mechanism of “load matching” can be
reached (Fig. 3).

Following the load matching strategy, by equalizing the
impedance of the load (R;,q4) With the related impedance
of the MPP (R,p;), maximum power can be exploited
from the module.

Ripaa = Ropt @)
Where:
Vou
Ripaa = Tuf 3
Vupp
Rope= 22 (9)
MPP

In the above equations, V,,; is the output voltage and
I,.¢1s the output current of the converter. Similarly Vypp
is the voltage and Iy;pp is the current at the MPP.

In reality similar impedances seldom occur, therefore
presence of MPPT is strongly required. Cuk converter has
been chosen. Mechanism of the load matching by this
converter is described in following.

Output voltage of the cuk converter is given by:

= (=)

v (10)
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Fig. 4. KC85T module IV curve for different illumination levels
Assuming that this is an ideal and loss-less converter,

the input power supplied by the source must be same as
the output power absorbed by the load.

P = Pour (11)
Iin X Vin = Iout X Vout (12)
1-D
Vin == () Voue (13)
D
= = (7= foue (14)

So the input impedance of the Cuk converter can be
calculated using (13) and (14):

g o Vo _ (A-D)*
mn Iin D2

(15)

: Rload

Last equation indicates that by changing duty cycle, the
input impedance (R;;, ) of converter should be equal to the
optimum impedance (R, ) at which the system is
working at MPP.

MPP methods generally use two common methods to
measure the required parameter for controlling actions:
input sensing and output sensing.

Using input sensing method, two sensors are required to
measure the output current and voltage of PV module.
Then algorithm will calculate the instantaneous and
incremental conductance and determines the next step that
PV module should operate on. This is done by changing
duty cycle of the converter. Prior to set off trough the
algorithm, there is a close look at how a converter is
employed as MPPT.



Using (13), (14) and (15) for Cuk converter yields:

1
D= (16)
14 |Lin
Rload
D
Vout = - (m) - Vin (17)
1-D
e = =(~5=)ln (18)

Using (16), (17), (18) and data acquired from Fig.4,
theoretical calculation was configured to determine the PV

module output power for various illumination levels with
MPPT (Table II).

The results are indicating that duty cycle is proportional
to the output voltage and current of PV module which
they are inherently pertaining to the solar irradiation.
Thus, with more solar irradiation duty cycle will be
increased to draw the maximum power available from the
modules.

Another notable point is that by choosing proper load
for the system, maximum power can be drawn from the
modules. In other words if the load is incapable of absorb
maximum power then some of the delivered power will be
dissipated.

IV.

Full simulation model of closed loop system is executed
in Matlab/Simulink to investigate and distinguish the
performance and functioning characteristics of the
proposed system. One PV module with respect to its
characteristics is modeled in Simulink as well. It takes the
ambient temperature and solar irradiation and gives the
current and voltage.

Cuk converter was chosen as the power interface stage
since it has the merit of being capable to have both lower
and higher output voltage. The components were selected
as follows:

L1=L2=5mH;

C1=C2=47uf;

Rload=10 Q;

Switching frequency=10 kHz.

Incremental conductance algorithm with direct control
scheme was written in M-file in Matlab editor. With this
configuration direct control method automatically adjusts
the new duty cycle for the converter while reducing
intricacy and complication of the system considerably.

The sampling time to update the values was chosen
0.1s. Simulations are performed to see the effect of
varying irradiation and temperature is assumed fixed at
25°C.

First irradiation is 1000w/m?; at t=0.4s illumination
level suddenly changes to 400w/m? and then back to
1000w/m? at t=0.8s.

The results shows output power at G=1000w/m? and
400w/m*> are 87w and 35w respectively which are
absolutely the desired output power.

SIMULATION
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TABLE IL
UNREGULATED OUTPUT WITH RLOAD = 10Q AT 25°C
Irradiation =V, -1,
Viupp(V) | Inpp(4) D Prax(W)
w/m? W) (A)
1000 17.4 5.02 0.63 | 29.62 | 296 | 87.67
800 17.5 4.041 0.6 26.25 | 2.69 | 70.61
600 17.54 3.034 0.56 | 22.32 | 2.38 53.1
400 17.47 2.025 0.51 18.18 | 1.94 | 35.26
200 17.16 1.012 043 | 12.94 | 134 | 17.33
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Fig.6. Change in duty cycle due to varying illumination level

Also Fig.6 shows change in duty cycle adjusted by
MPPT to extract maximum power of the module. It shows
that duty cycle is changing when illumination level
changes and it decrease when illumination decrease.

V.

In this paper, incremental conductance MPPT using
direct control method has been presented, in which duty
cycle is adjusted inside the algorithm thus need for use
another control loop is eliminated. There is high tracking
accuracy, no oscillations at steady state operation and

CONCLUSION



ability to adapt with varying environmental conditions
even if these changes happen very fast such as change in
illumination level.

By choosing an appropriate step size properly there will
be a tradeoff between steady state oscillations and

dynamic performance of the

system Results

[5].

absolutely satisfy the suggestion in [23-24] to reach to the
steady state condition in one cycle only.

(5]

(6]

(8]
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