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1. Introduction

Solar energy is an alternative source of renewable energy and a clean teck for the environment; it is a solution to
the humankind environmental problems nowadays. The sunshine hours vary from country to country. Highest
sunshine hours located in region between the tropical of Cancer and the tropical of Capricorn with sunshine hours
more than 4000 [1]. This is the region between latitudes 23.5° and -23.5°. Iraq is located on the latitude 33°, which
is close enough to the Cancer-Capricorn tropical region with sunshine hours of 3000-3600 [2]. This makes Irag a
feasible location for large-scale PV systems.

Photovoltaic panels are affected by temperature, shade and solar radiation [3]. Shading can be classified into two
main types: full shade and partial shade. Shading, whether partially or completely is due to neighboring buildings,
clouds, towers, or trees [4], and even from dirt on the panel’s cells, such as dust or birds’ droppings [5]. The effect
of shading on the performance of the PV array is important because it affects significantly on the system efficiency
[6]. Several researchers have studied the properties of PV arrays and the influence of various designs and
operational factors [5], [7], [8]. The shade that is formed on the solar panel is considered one of the most affecting
factors that is taken into consideration when building system operating on the solar cells. Because of the fact that
the shade has an influence on the ability of the solar radiation falling on the panel. As a result, this leads to a
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decrease in the electrical power output and this capacity is affected by the size and shape of the shade formed on
the surface of the solar panel. Moreover, shade can cause a hot spot on the panel that could damage the panel.
Shading simulation model for PV modules was created by Yunlin Sun et. al. [9] as a result of the investigation of
a 20 MW grid connected PV plant in northwestern China. Typical shading phenomena classified and analysed
individually, such as energy shading of distribution buildings and wire poles, plant, bird droppings, and shadow
from front row. A series of experiments were conducted to evaluate and compare the presence of shadow effect
and proposals were made to avoid or reduce the shading effect of the PV system during operation in this area [3].
Al-chaderchi et. al. [10] carried out several experiments to study the phenomenon of the total shade effect on
photovoltaic panels equipped with the same manufacturer, but with power different number of diodes. From the
study of the C-V characteristics of all cases, they noted that the bypass diodes will reduce the effect of shade and
have better performance in the case for three bypass diodes [11]. Galeano et. al. [12] studied a simplified modeling
by using shade ratio and analyzing performance of partially shaded photovoltaic panels. REERC building PV
system is a replacement of an old solar absorption system. The old system contains maintenance bridges, since
the shadow of these bridges has no effect on the absorption system performance. The system was later on upgraded
into 155kW PV system, where maintenance bridges could have significant influence on the performance of the
system. However, this influence was not investigated or taken into account during the design or installation.

In this paper, the effect of partial shade resulting from maintenance bridges fixed on the PV system of REERC
building is investigated to evaluate the loss in the PV system productivity due to these bridges.

2. Experimental Work

Monocrystalline silicon PV panel of ~288W STC rated power was used in this study. The panel comprises of
96 p-n junction rectangular cells connected on series to provide around ~48V open circuit voltage with a total
area of 2 m2, Parts of the panel were shaded to mimic the maintenance bridge frame effect on the PV system of
REERC building. Shade area was chosen to imitate the actual shade as close as possible. Shades areas and
locations were already determined at three different times (08:30AM, 10:00Am, and 12:00PM) and nine various
months (January through September). It is worthy to note that three months have been missed due to the
pandemic lockdown. All measurements were carried out using PV Analyser (Type Solar-4000). Shade area for
each month was imitated and denoted as SO to 9 and defined in Table (1), where SO represents the no shaded
reference panel and S9 represents the highest shaded panel. Each measurement was preceded by a “no shade”
measurement to reference the results. Figures (1 — 3) are photographs for each case in the study.

Table 1. Nomenclature of the shades cases.

8:30 AM (Illustrated in Figure 1)

SO: Without shade.

S1: Shade area 3cm? covering part of the last raw of the panel starting from the bottom edge.
S2: Shade area 4cm? covers the last part of the panel 2 cm from the bottom edge

S3: Shade area of 6 cm? covers the top of the panel.

S4: Shade area of 7 cm? covers the top of the panel.

S5: Shade area 7 cm? down by 5 cm starting from 5 cm from the upper edge.

S6: Shade area 7 cm? down by 4 cm starting from 5 ¢cm from the upper edge.

S7: Shade area 8 cm? covers the top of the panel.

S8: Shade area 8 cm? down by 4 cm starting from 5 cm from the upper edge.

S9: Shade area 10 cm? down by 2 cm starting from 5 cm from the upper edge.

10 AM (Illustrated in Figure 2)

33



Journal of Applied Sciences and Nanotechnology, VVol.1, No.1 (2021)

S0:
S1:
S2:
S3:
S4.
S5:
S6:
S7:

Without shade.

Shade area 1cm? covering part of the last raw of the panel starting zero from the bottom edge.
Shade area 3cm? covering part of the last raw of the panel starting zero from the bottom edge.
Shade area of 3cm? covers the centre of the panel.

Shade area of 7cm? covers the centre of the panel.

Shade area of 8cm? covers the centre of the panel.

Shade area of 10cm? covers the centre of the panel.

Shade area of 10cm? covers the top of the panel

12 PM (lllustrated in Figure 3)

S0:
S1:
S2:
S3:
S4.
S5:

S6

Without shade.

Shade area 3 cm? down by 8 cm starting from 5 cm from the upper edge.

Shade area of 4 cm? covers the centre of the panel.

Shade area 4cm? covering part of the last raw of the panel starting zero from the bottom edge.
Shade area 5¢cm? covers the last part of the panel starting 2 cm from the bottom edge.

Shade area 6cm? covers the last part of the panel starting 4 cm from the bottom edge.

: Shade area 7cm? covers the last part of the panel starting 2 cm from the bottom edge.
ST:
S8:

Shade area 7cm? covers the last part of the panel starting 4 cm from the bottom edge.
Shade area 8cm? down by 5 cm starting 5 cm from the upper edge.

Figure 1. Photos of the shade at 8:30 AM.
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Figure 3. Photos of the shade at 12 PM.

3. Results and Discussion
The IV characteristics of the panel at various measurement times and shades are shown in figure (4). The figure shows

that the photocurrent decreases with the existence of partial shade compared with the no shade case. In addition, the
photocurrent increases with time and shows highest values at 12 PM. This is certainly, due to sun illumination that gets

higher at noon compared to early morning.

35



Journal of Applied Sciences and Nanotechnology, VVol.1, No.1 (2021)

81 s =50 10AM ——50
8:30AM 1 o
? 6 - w5 )
= == 53 6
= —_—
S 4 =54 3
= -6 =4
5 - fe 57 5
! p
2 T —58 "'="2
s9 UO
0 ' v ! 0 20 40 60
0 20 40 60
Voltage (V) Voltage (V)
12PM —350
1 —51
- —-—53
§5 ——54
S =55
= —e—56
5 2 —¥—57
0 —A—58
0 20 40 60

Voltage (V)

Figure 4: 1-V Characteristics of solar panel at various times and shades.

Radiation density (so called irradiance) versus shade location (Sx) is illustrated in figure (5). Irradiance shows an
average of 700 W/m? at 8:30 AM, 850 W/m? at 10 AM, and 950 W/m? at noon with a slight variation over the span
of 9 months.
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Figure (5): Radiation density variation with partial shade location.

Figure (6) demonstrates the variation of PV panel parameters with partial shade area and location. The shade area Sx
is numbered in order so that S1 is the smallest shade area while S9 is the largest shade area. Im and Isc in figure (6)
exhibit a steep decrease with shade area, whereas, Vm and Voc exhibit a slight decrease with shade area. Therefore,
both Pm and PCE decrease sharply with shade area. To explain the variation of photocurrent and photovoltage with

shading area, Eqgs. (1 & 2) are utilized. The relationship between Isc and radiation [10] is:
Isc =Kg*R 1)

Where R is the radiation density, Kg is a constant that characterizes the relative variation of short circuit current as a
function of irradiation. The K value for monocrystalline silicon panel is 0.0037 A.m?W [12] and is 0.0025 A.m%/W

for CIGS technology under the same conditions. The open circuit voltage as a function of irradiation is described as:
Voc =Vocn + nTKT InR/Rn 2

Where Voc and R, are the open circuit voltage and the irradiation under nominal conditions. As irradiance increases,
Voc increases linearly as described in Eq. (2). However, as irradiance increases, the logarithm value is too small

which reflects only a slight change in Voc. Hence, Voc shows insignificant change with irradiance [13].

Loss in power, voltage, and current are illustrated in Figure (7). The figure shows a small loss in voltage (less than
3%), while the loss in current, and hence in power is almost 50% in some shade areas, which is dramatically

significant.
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Figure 6. PV panel parameters (Isc, Voc, PCE, Im, Vm, and Pm) at 8:30AM, 10:00AM, and 12:00PM
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Figure 7. PV panel loss in Pm, Vm, and Im due to partial shade at 8:30AM,10:00AM, and 12:00PM.

It is well-known that ambient temperature is a major suppressor for PV panel productivity, and it is also known that
panel’s temperature is significantly higher than ambient temperature because PV panel surface is a perfect black
colored absorber. The passing photocurrent also contributes in heating. Figure (8) shows the effect of ambient

temperature on the productivity of a 230W PV panel.
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Figure 8. Temperature effect on the PV rated power.

To calculate PV panel’s surface temperature at a certain ambient temperature, we can use Homer method [14]. In

this method, two factors have to be calculated for a particular panel (A & B):

A = (NOCT - 20)/R ©)

B =1- (PCE/0.9) 4

Where NOCT: panel’s operating temperature (50 °C in our panels), 20: the ideal pn junction temperature, R: the
measured solar radiation, PCE: the power conversion efficiency of the panel, and 0.9: a constant. If the radiation is
0.8kW/m? and PCE is 13%, for an example, then factor A = (50 — 20)/0.8 = 37.5, and factor B = 1 — (0.13/0.9) =
0.85. The PV panel’s surface temperature is [15]:

Panel Temp. (T) = Ambient Temp + (Radiation X A x B) (5)

T =50+ (0.8 x37.5%0.85) =89.15 °C
The PV power drop due to PV surface temperature is calculated from the following equation [16]:

Power Drop = (T — 25) x Temp. Coef. (6)

Where Temp. Coef.: temperature coefficient of the PV panel determined by the manufacturer (-0.5 %/°C), T: the PV

panel’s surface temperature, and 25: room temperature.
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Hence: Power drop = (89.15 — 25) x (-0.5%/°C) = -32%.

For a PV panel of 288W power, the actual power at 50°C ambient temperature will be 196W. Therefore, for a PV
system comprising of 540 panel, the power will drop from 155kW to 106kW.

The PV system of REERC building consists of 540 PV panel of 288W average power each. The designed power
capacity of the system is 155kW. The actual maximum power measured directly from the system at noon in a chosen
day (March 9, 2020) was 78kW as show in figure (9).
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Figure 9. Actual yield of PV system in REERC building.

To estimate the effect of maintenance bridges shade on the REERC PV system, one PV panel was intentionally
shaded with the same pattern of the maintenance bridge shade as described elsewhere. The results of the panel were
projected to the whole system to estimate the loss of the total REERC system (540 PV panel). As illustrated in figure
(10), the designed power is 155kW. The calculated power due to ambient temperature using Homer method is 106kW,
and this is a 31% drop in power. The output power for shaded panels (with eliminating the temperature effect) after
extrapolating one panel to 540 panels projection at noon in sunny day at March (dated 9/3/2020) is 100kW with a
drop of 35%. This result is higher than the effect of temperature, even when the shading area is no more than 2% of
the total panel’s area. The actual rated power is 78kW at noon in March 9, 2020. This is a drop of 50% of the power.
This huge drop is a combined effect for both shade and ambient temperature.
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Figure (10). Effect of shade on the productivity of REERC PV system.

4, Conclusions
From what has been discussed earlier, it can be concluded that partially shaded PV panels loses a noticeable amount

of their productivity (around 35% with partially shaded area of 2%). Considering the effect of temperature, especially
in hot countries such as Irag, the loss of the PV productivity can reach up to 50%. Since hot weather cannot be
controlled because it is related to the location, PV designers should take into account seriously the shade effect even
partial shade (2%). In the case of REERC PV system, the building was already designed for solar absorbers where
maintenance bridges have no effect on it. When the PV system was supplanted, the PV panels were installed on the

same infrastructure, so that designers could not avoid the bridges.
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