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Abstract:

This paper presents analyzes the behavior of a photovoltaic device (cell or module) under
partial shading conditions. It can be used as a tool to study the effects of partial shading
conditions on PV panels to optimize its operation. However, PV performance is often
affected by solar insolation and shading. Often, the passing clouds, neighboring buildings and
towers, tress, and utility or telephone poles shadow the PV arrays, completely or partially.
Yet, the shadowed arrays will result in loss in generation. This project objective is to observe
or studied how much power produced by the PV under certain partial shading condition. In
order to achieve that, a few method/model has been used. From all the models mention in this
paper, only one is chosen that seems to be the suitable and easy to understand how it will be
implemented. However, this technique still does not showed successful. Some improvement
is needed to obtain the required result. As conclusion, this project objective is not achieved
within the time given. The work that left undone is to come out with new program that
combined the matrix and the programmed model.
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1. INTRODUCTION

Solar energy is a renewable energy that comes from natural source and harnessing the energy
from the sun. Solar photovoltaic technology is the most frequent technology applied using
large array of solar panels to harness the sun radiation by converting the radiation from
sunlight directly to electricity. The objective of this paper is to study the characteristic of a
PV array under partially shading conditions. It is very important to understand them in order
to have optimum operation. The electricity usage of Unnes is expected to be increase in the
future. Therefore, in order to meet the demand, solar photovoltaic technology will be
implemented in Unnes area

Photovoltaic (PV) arrays generate maximum power as the radiation of sun strikes to all
surfaces or areas of the arrays. However, PV performance is often affected by solar insolation
and shading. Often, the PV arrays get shadowed, completely or partially by the passing
clouds, neighboring buildings and towers, tress, and utility or telephone poles [1]. Yet, the
shadowed arrays will result in loss in generation. Due to uncertainty of partially shading
condition, maximum power to be generated is difficult to estimate if no analysis model and
numerical value algorithm model is applied.
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By modeling a prediction model using a MATLAB, it will estimate the generated power
produced by the PV arrays. It also can be a tool to study the effect of the partially shading to
overcome the loss in generation and optimize its operation. Therefore, the estimated loss in
generation will lead to a new development tracking techniques to extract the maximum
possible power. This project will start with some literature review related to PV energy
generation. Then, model a PV using MATLAB software. The data obtained will be analyzed.

2. PHOTOVOLTAIC CELLS OPERATION

Solar photovoltaic is categorized as an active solar energy technology. It uses unique
properties of semiconductors to directly convert solar radiation into electricity. The
conversion from solar radiation into electricity occurs by photoelectric effect. In addition, a
thin slice of semiconductor called wafer is use to make the solar cells which

are sensitive to sunlight and produce a small direct current when exposed to light. PV system
can produce alternating current (AC) compatible with any conventional appliances with the
appropriate power conversion equipment. It also operates in parallel with and interconnected
to the utility grid.

A solar cell is the basic building block of a PV system. The cells are connected electrically in
series or parallel circuits to produce higher voltages, currents and power levels. A typical PV
cell produces 0.5V to 1V of electricity. The combination of PV cells that had been sealed in
environmentally protective laminate called PV modules will produce an appreciably amount
of electrical power with no moving parts, noise or emissions. One or more PV modules
assembled as a pre-wired, field-installable unit will become PV panels.

One important way to convert solar radiation into electricity occurs by the photovoltaic effect
[2]. The photoelectric effect relies on the principle that whenever light strikes the surface of
certain metals, electrons are released. A solar cell consists of two silicon panels attached
together. One layer is doped with N-type dopant while the other is doped with P-type dopant.
Front and back contact is installed to the two layers to allow an electrical flow of electrons. In
addition, the glass is installed on top of it to protect the layers and the electrical contacts from
damage.mIn the N-doped semiconductor, there is an excess electron while in P-
dopedmsemiconductor there is a positively charge electron hole. The electrons one layer will
find their corresponding free hole in the other layer. Consequently, an internal electrical field
is produced at this transition that does not permit electrons and holes to jump into the other
layer. However, if photon hits the silicon layers, electron hole pairs will be created. If this
happens in the electrical field, electrons are move to the N-doped layer while holes are move
to the P-doped layer. The system will falls into the state which is imbalance because of the
excess electrons on the N-doped layer.

The corresponding holes can be found in the P-doped layer. It goes without saying that the
free electrons and free holes is try to combine. However, the electrical field does not allow
such condition. If the N-doped layer is connected to the P-doped layer using a cable,
electrons are traveling to the free holes through the cable. This flowcalled an electrical
current. solar cells collect the rays of the sun and convert solar radiation into direct current
which is eventually converted to more useable alternating current by a piece of equipment
called an inverter Another device connected to the inverter that will measure the electricity
produced by the photovoltaic system. Generated electricity is sent to the grid by transformer.
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The transformer will step up the voltage of the generated electricity to ensure the same
voltage potential with the grid.

3. RESULT AND DISCUSSION
3.1. Modeling The Solar Cell

This model of photovoltaic cell was based on a MATLAB model from Akihiro Oi*s thesis
paper [5]. A simple PV cell circuit is basically an ideal current source in parallel with an ideal
diode. The current source represents the current generated by the PV cell due to the photons
received by it [6]. Short-circuit current and open-circuit voltage are the parameters that often
used to characterize a PV cell are. These parameters are generally provided by the
manufacturer. PV cell is equivalent with the current source parallel with a diode. The output
current of the PV cell can be found using the equation:

I=1Isc-1d
Where:
Isc is the short-circuit current that is equal to the photon generated current

Id is the current shunted through the intrinsic diode.
The diode current is given by the Shockley*s diode equation:

Id = Io*(e q*Vd/(k*T) -1)
Where:

“lo” is the reverse saturation current of diode (A),
“q” is the electron charge (1.602 x 10-23 C),

“Vd” is the voltage across the diode (V),

“K” is the Boltzmann®s constant (1.381 x 10-23 J/K),
“T” is the junction temperature in Kelvin (K).

Combining the diode current equation with the equation for the output current of the PV cell
creates:

I =1Isc —Io*(e q*V/(k*T) -1)
Where:
“V” is the voltage across the PV cell
“I” is the output current

However, in I-V characteristic of PV cell, there are reverse biased condition. We can solve
for the reverse saturation current (Io) by setting I = 0 (no output current).
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0 =Isc — Io*(e q*V/(k*T) -1)
Io =1Isc /(e ¢*V/(k*T) -1)

Often, a simple PV cell model neglects to account for a few things. In order to create a more
accurate model, series resistance, Rs, parallel resistance, Rp, and recombination must be
factored into the equation. In an ideal cell, R s = Rp = 0, which are relatively common
assumption [7]. A series resistance R s was included which represents the resistance inside
each cell in the connection between cells [8]. A shunt resistance is parallel with the diode. Its
effect is minimal so it will be neglected. Therefore, we can assume that Rsh = co. The
simplified photon-generated current equation is:

I = Isc — Io*(e q*(VHI+Rs)/(k*T) -1)
The value of the photon generated current, Isc can be assumed to be directlymproportional to
the irradiance, and the short circuit current value under standard test conditions, Go is 1000

W/m2. Therefore, the photon generated at any other irradiance, G (W/m2) equation is:

Isc*IG = Isc*TGo*(G/Go)
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IL.1 Simulink Diagram

A Photovoltaic cell simulink diagram is represented as shown below:

Description of Simulink Diagram of Photovoltaic Cell Based, the simulink diagram contains
insolation constant block that represent the standard value of irradiance which is 1000 W/m?2.
We assume that the irradiance is equal to the current source and we can say it is an input, Ipv to
the model. In addition, there is another input to the model which will be subtracted to the current
input. It is the repeating signal of voltage, Vpv which is given by Vpv block. Within the
MATLAB function block, we need to insert user define function as shown in Figure 1. The
function is for P-N junction characteristic. Also, the parameter of the Isc gain is set as shown in
Figure 2. The product of the current, Ipv and voltage, Vpv is output power, Ppv. The output of
the system which is I-V and P-V characteristics will be displayed in the X-Y PlotWindow.
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The short-circuit current, Isc depends on the radiation of the moment. The higher the irradiation,
the greater the current [10]. However, voltage is not much varied and maintains almost constant
value even though the irradiance is increasing or decreasing. . The output current of a PV cell is
depends on the external voltage applied to it and the amount of sunlight strikes on the cell. When
the cell is short- circuited, the current is at maximum (short-circuit current, Isc), and the voltage
across the cell is 0 [2]. When the PV cell circuit is open, with the leads not making a circuit, the
voltage is at maximum (open circuit voltage, Voc), and the current is 0 [11].

More Light

Fig 3: I-V Characteristic Curve and Progression of Solar Cell I-V Curve as
the Incident Light Increases

Figure 3 (on the left) shows the resultant of I-V characteristic curve of a solar cell at 1000 W/m2
irradiance and at a fixed cell temperature. Figure 3 (on the right) shows the I-V curve of a diode
without illumination in a green colour. When forward bias potential is applied, the curve shows
the turn-on and buildup the forward bias current in the diode. Without illumination, no current
flows through the diode unless there is external potential applied. The IV curve shifts up when
there is incident sunlight and it indicates there is also external current flow from the solar cell to
a passive load.

3. CONCLUSION

As a conclusion, the [-V and P-V characteristic curves obtained are acceptable. It is
recommended to use other design method approach for shading conditions. Project is smoothly
progress according to pre-planed gantt chart. It is feasible for this project to be completed in this
semester.
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