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Are you extracting the most work and lifespan from your solar cell?
A. De Francesco, A. Pendharkar

Abstract: The electrical operation of a solar

cell is described highlighting the origins of . . E>—'\/\/\/7
id f} ish

the I-V and P-V curves. The work reveals that i Ry

an illuminated solar cell should always be + +
kept loaded at the maximum power point, so A

that: (i) maxm'lum po.w.er.ls (?xtracted from iph ! vy R v, R,
the cell; and (ii) to minimise internal power sh

dissipation, otherwise an increased heating
of the cell and faster degradation. A
Utilisation Factor (UF) metric is introduced to !
determine how much available power is Figure 1: Solar Cell Model

converted to work. It is shown with no power

loss through ohmic elements, 95% of the available power is utilised for external work while the
remaining 5% required to bias the diode. The UF decreases with increasing values of Rs. The power
dissipated by the cell is calculated for various values of R; and found that the cell dissipates a constant
minimum power for voltages less than the maximum voltage. A method to estimate the maximum
ambient temperature is proposed so that the panel does not overheat during open circuit operation as
overheating leads to degradation.

Review of the Electrical Model of a Cell

A commonly utilised electrical model of a solar cell is shown in Figure 1 [1]. It consists of a current
source in parallel with a p-n diode, a shunt and series resistance. The current source (photon current)
ipn is due to sunlight illumination of the cell. The well published |-V and P-V curves (refers to i; , v, and
Do) for varying values of R; are shown in Figure 2. In all cases R, is set to 1TMQ.
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Figure 2: |-V and P-V curves
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Power Extraction & Dissipation by the Cell
Consider a cell with I-V and P-V curves shown in Figure 2A. In the case where the cell terminals are
shorted (short circuit condition) no voltage is developed across the diode and therefore all the available
current flows through the short and no power is dissipated by the diode. In the case where the cell
terminals are disconnected from the load

(open circuit condition) all the available Solar cell characteristics
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Figure 3: |-V and Utilisation Factor Curves
Utilisation Factor

A solar cell's Fill Factor (FF) is a performance metric, commonly referred to in many solar cell books,
and is defined as the ratio of the maximum power point to the theoretical maximum power (product of
open-circuit voltage and short-circuit current) and provides a baseline indication of the cell’s efficiency
at the maximum power point. However, the theoretical power does not represent the available power.
This article introduces the UF metric defined in equation (1) as the ratio of the output power to the
available power and provides an alternate

measure of efficiency. Solar cell characteristics
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Figure 4: I-V and Power Dissipation Curves
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power extraction from the cell reduces with increasing values of R; as more available power is lost in
heating R;. AlL UF curves exhibit a zero when the output voltage is zero as no power is extracted.

The internal power dissipated by the cell is the sum of the power dissipated by the diode, R, (which is
insignificant in this work), and R;. Figure 4 shows the |-V curves together with the power dissipated by
the cell for each scenario. With respect to the dissipated power the flat portion of the curves is
dominated by R whilst at the knee point and beyond the dissipated power starts to rise quickly and is
dominated by the power dissipated by the diode. As all scenarios tend towards their respective open
circuit voltage (VOC), which are similar but not the same, all the available power is dissipated by the
diode regardless of R;. At the maximum power point the ratio of power dissipated by R, and the diode is
approximately 60%:40% for R; equal to 0.1Q and approximately 70%:30% for R, values greater than
0.1Q.

The dots in Figure 4 show the location of the maximum power point for each scenario and that the cell
dissipates a constant minimum power for voltages less than the maximum voltage (voltage at the
maximum power point). Operation above the maximum voltage will lead to higher power dissipation by
the cell. The results highlight that a solar inverter with Maximum Power Point Tracking (MPPT) is crucial
not only for extracting the most power from your PV panel but it also ensures the panel does not
unnecessarily heat due to internal power dissipation.

Half Cut Solar Cells

Panels with half-cut solar cells contain twice as many cells but where each cell generates half the
current of that of a full cell, and dissipates only 25% of the power of a full cell for the same values of R;.
This effect would be characterised with a downward shift of the power curves in Figure 4, tending
towards zero.

Nominal Operating Cell Temperature

The Nominal Operating Cell Temperature (NOCT) is defined as the temperature reached by open
circuited cells in a module with a sunlight irradiance of 800W/m?, 20°C air temperature, 1m/s wind
velocity, and is mounted with an open back side. The
associated cell temperature is characterised by NOCT — 20°C
equation (2) [4]. The NOCT is a commonly adopted Teen = Tair + 800W /m?
performance parameter and stated in many solar panel
datasheets with a typical value of 45°C. Typical maximum operating temperature of a module is 85°C.
These two datasheet values can be utilised together with equation (2) to estimate the maximum
ambient temperature T,;,- for a given irradiance S, to ensure the panel does not overheat during open
circuit condition.

XS..(2)
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