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Abstract: The performance and reliability of photovoltaic (PV) modules in a desert climate depends,
among other factors, on the solar irradiance, operating temperature, and soiling rate. Since the
impacts of these environmental factors depend on the type of PV module technology, an assessment
of the PV technology to be deployed in the desert climate is crucial for the bankability of PV projects.
In this work, the indoor and outdoor performance of monofacial and bifacial silicon heterojunction
PV module technologies were assessed. For the indoor measurements, a comparison of the current-
voltage (IV) characteristics was performed at standard testing condition and at different temperatures.
The two module technologies showed similar temperature coefficients and expected performance
within the measurement uncertainty. Comparing the specific energy yield of the modules installed
in the Outdoor Test Facility (OTF), the bifacial module showed a 15% higher energy yield than
the monofacial module and is attributed to the contribution of the bifacial rear side, thanks to the
reflected irradiance received by the bifacial module and the high albedo of 0.43 measured at the OTF.
Moreover, the bifacial module was found to be less sensitive to the PV soiling than the monofacial
module. The results showed that the frequency of module cleaning could be reduced for the bifacial
module compared with the monofacial module, resulting in a remarkable decrease in the module
cleaning cost and PV site Operation and Maintenance cost.

Keywords: bifacial module; silicon heterojunction; albedo; soiling

1. Introduction

The recent 2022 International Technology Roadmap for Photovoltaic (ITRPV) [1]
suggested that the deployment of bifacial technology would continue to increase during
the coming decade, reaching 85% by 2023. Bifacial technology has the advantage of
generating energy from both the front and rear side of the module; therefore, it utilizes the
direct, reflected, and diffused solar irradiance. Consequently, bifacial technology shows,
depending on the climate zone, a higher energy yield and a lower Levelized Cost of
Electricity (LCOE) when compared with monofacial technology [2,3]. Several studies have
reported a bifacial gain of up to 30% when compared to monofacial technology [4–7], and it
has been correlated directly with a number of factors, including the type of installation [8],
the measured ground reflectivity (albedo) [9,10], and the installation height [11].

However, only a few of these studies have addressed the impact of desert climates,
where the high operating temperature and soiling are the main causes of energy yield
degradation. By increasing the module temperature, the open-circuit voltage Voc drops,
and as a result, the PV power output decreases [12]. Silicon heterojunction (SHJ) solar
cell technology demonstrated a higher open circuit voltage (Voc) and a lower power tem-
perature coefficient (TC) when compared with conventional Back Surface Field (BSF) and
Passivated Emitter Rear Contact (PERC) silicon technologies. The lower voltage and power
temperature coefficients of the SHJ cell reduce the impact of the operating temperature
on the generated power and highlights SHJ technology as one of the best candidates for
operability in high temperature climates [13–17].
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On the other hand, several studies demonstrated that the soiling of PV modules due
to dust accumulation could result in a drop rate of up to 1%/day in the power output if
the module is not cleaned [18,19]. The vertical mounting of the bifacial module offers the
possibility of reducing the dust accumulation considerably and, therefore, reducing power
losses due to soiling [20,21].

In this paper, we report on the indoor and outdoor testing of monofacial and bifacial
SHJ PV modules where a comparison of the current-voltage characteristics was performed
at different temperatures. Our main findings showed that the bifacial module demonstrated
15% higher energy yield than the monofacial module after a 32-month outdoor assessment,
in addition to being much less sensitive to dust accumulation. Therefore, the bifacial module
can potentially reduce the cleaning frequency and associated Operation and Maintenance
(O&M) cost. As mentioned earlier, the bifacial gain reported here is specific for the test
bench installation height and measured albedo. However, in this study, we identify PV
soiling as an additional important factor that determines the bifacial gain.

2. Materials and Methods

In this section, the indoor and outdoor performance of the monofacial and bifacial
SHJ PV modules are assessed. Firstly, the indoor Current-Voltage (IV) characterization at
Standard Testing Conditions (STC) and at different temperature conditions is presented.
Secondly, the performance of the PV modules at real outdoor operating conditions is
compared for three years from 2017 to 2019. The solar irradiance data measured during the
testing period and their relevance to the results is discussed.

2.1. Indoor Testing

The I-V curves for the monofacial and bifacial SHJ PV modules are measured in a
controlled indoor testing condition using the Class A+A+A+ sun simulator (Eternal sun
Spire, Hague, The Netherlands, Spi-Sun-Simulator-5100SLP). The module’s electrical pa-
rameters Pmax, Voc, Isc, and FF were extracted from the I-V curves at STC. The temperature
performance for the SHJ PV modules was measured at different module temperatures rang-
ing from 15 to 75 ◦C and a constant irradiance corrected to 1000 W/m2. The temperature
coefficients (TC) for Pmax (TC Pmax γ) and Voc (TC Voc β) were hence obtained.

2.2. Outdoor Testing

At the Outdoor Test Facility (OTF) in Doha, state of Qatar (latitude 25.33◦ N and
longitude 51.43◦ E), the solar irradiance on the Plane of Array Irradiance (POA) at a tilt
angle of 22◦ was measured. Further, the Global Horizontal Irradiance (GHI) and the Diffuse
Horizontal Irradiance (DHI) were also measured. Albedo, as a key performance parameter
for bifacial technology, is defined as the ratio of the reflected solar irradiance to the incident
solar irradiance. At an installation height of 2 m, a pyranometer facing the ground was
used to measure the reflected solar irradiance, while another pyranometer facing the sky
was used to measure the incident solar irradiance (GHI).

The data acquisition system measures the I-V characteristics of the PV modules at
five-minute time intervals from the modules’ electrical parameters (open-circuit voltage
Voc, short-circuit current Isc), and at other times measures the modules at maximum power
point (MPP), giving Vmpp, Impp, and Pmpp data. The modules’ temperatures (Tmod) were mea-
sured using one thermocouple (SOL. Connect Sensor T, Platinum resistance temperature
sensor PT 1000), with an accuracy of ±1 ◦C. Alongside other environmental variables, the
meteorological station was used to measure the ambient air temperature. Both PV modules’
technologies were tested under exactly similar outdoor testing conditions with the same
defined cleaning schedule to observe the impact of soiling on PV module performance.

The daily energy yield expressed in [Wh/day/Wp] was calculated from the DC energy
generated from the PV module during each day of the measurement period, and normalized
by its nominal Wp.
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2.3. Module Characteristics

Figure 1 shows the single silicon heterojunction monofacial and bifacial PV modules
under study, at the OTF and mounted at a standard tilt-angle of 22◦ facing south. The
monofacial module uses glass in the front and white back sheet in the rear side, while the
bifacial technology requires the rear side to allow light transmission, and in this case, uses
glass/glass.
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Figure 1. Studied PV modules as installed at the Outdoor Test Facility (OTF): (a) single monofacial
with glass/back sheet, (b) single bifacial PV module with glass/glass configuration, (c) schematic
of the solar irradiance received by the monofacial module and (d) that received on the rear side of
the bifacial module. PT1000 thermocouple attached to the rear side of the PV module was used to
measure the module temperature. Note the shading on the rear side of the bifacial module caused by
the module frame.

Table 1 shows the STC module electrical parameters, as provided by the manufacturer.
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Table 1. Standard Testing Conditions (STC). Module characteristics obtained from the PV module
data sheet.

PV Module Monofacial SHJ Bifacial SHJ

Power output, Pmax [W] 235 225
Module efficiency, η [%] 18.6 16.0
Voltage at Pmax, Vmpp [V] 43.0 43.2
Current at Pmax, Impp [A] 5.48 5.21

Open-circuit voltage, Voc [V] 51.8 52.4
Short-circuit current, Isc [A] 5.84 5.54
Module dimensions [mm] 1580 × 798 × 35 1630 × 862 × 35

Temperature Coefficient (TC), Pmax [%/◦C] −0.30 −0.29
Temperature Coefficient (TC), Voc [%/◦C] −0.24 −0.24
Temperature Coefficient (TC), Isc [%/◦C] 0.029 0.031

3. Results

In this section, firstly, the indoor I-V measurements at STC and at different temper-
atures are compared for the two SHJ modules. Secondly, the outdoor solar irradiance
components and ambient temperatures measured during the testing period followed by
a comparison of the energy yield for both the monofacial and bifacial SHJ modules are
summarized. Finally, the performance of the two modules and the impact of the soiling on
the generated PV power will be presented.

3.1. Indoor IV Measurements

The I-V curves of the monofacial module measured on the front side at STC is shown
in Figure 2a, and the I-V curves of the bifacial module measured on the front and rear side
at STC is shown in Figure 2b. From these I-V curves, the Pmax, Isc, and Voc of the monofacial
module are 227 W, 5.7 A, and 50.8 V, respectively, while the front Pmax, Isc, and Voc of the
bifacial module are 231 W, 5.6 A, and 52.4 V, respectively. For the latter, the bifaciality was
calculated. The rear side STC measured parameters Pmax, Isc, and Voc are 215 W, 5.2 A,
and 52.3 V, respectively. The calibrated reference PV module uncertainty was ±7.31 [W],
±0.35 [V], and ±0.15 [A] for Pmax, Voc, and Isc, respectively.
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Figure 2. I-V curves measured at the STC for the (a) monofacial SHJ module and (b) bifacial SHJ
module, where the measurement was performed on both the front side and the rear side to determine
the module bifaciality.

Secondly, the PV modules were tested at 1000 W/m2 and at various module temper-
atures of 15, 25, 50, and 75 ◦C in order to determine the temperature coefficient for each
module (Figure 3a,b). As expected for both modules, increasing the module temperature
resulted in a drop in the Voc.
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ature coefficient (TC) from the linear fit of the normalized Pmax and normalized Voc for Pmax γ and
TC Voc β, respectively.

The temperature coefficients TC Pmax and TC Voc were calculated from the linear fit
of the normalized Pmax and normalized Voc (Figure 3c,d). The TC Pmax for the bifacial and
monofacial modules are −0.306 and −0.319%/◦C, respectively, while the TC Voc for the
bifacial and monofacial modules are −0.239 and −0.256%/◦C, respectively. The measured
temperature coefficients for both Pmax and Voc are in good agreement with the values
provided by the manufacturer (i.e., shown in Table 1). As expected, no significant difference
in the TC for the monofacial and bifaical SHJ modules were observed.

3.2. Solar Irradiance and Meteorological Data

In order to better understand the PV performance data, it is essential to provide the
mean and the range of variability of the solar irradiation and temperature data. Figure 4a
shows the daily values of the solar components Plane of Array (POA), Global Horizontal
Irradaince (GHI), and Diffused Horizontal Irradiance (DHI), and the ambient temperature
measured during the testing period from 2017 to 2019. Higher solar irradiation and
ambient temperatures were measured during the summer months. An average ambient
air temperature of 31 ◦C was measured, and reached 40 ◦C during the summer months.
The average daily value of the POA, GHI, and DHI was 6.3, 6.0, and 3.7 kWh/m2/day,
respectively. The desert climate typical to Qatar is characterized by high DHI values due
to the high scattered irradiance from the atmosphere and surroundings [22]. The average
cumulative annual values of POA, GHI, and DHI during the measurement period were
2209, 2100, and 1345 kWh/m2, respectively (Figure 4b). An increase in the DHI value was
observed in 2019 and is mainly attributed to the increased number of cloudy, hazy, and
dusty days.
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Figure 4c shows a typical module temperature measured at OTF, in 2019, for bifacial
and monofacial SHJ modules. Within the measurement uncertainty, no significant difference
in module temperature was observed. From this measurement, we can conclude that the
generated energy yield will not be affected by the module temperature. Additionally, we
have shown in the previous section (Figure 3) that both modules had similar temperature
coefficients. From our previous study, we found that the energy yield is not necessarily
correlated with the TC, because its effect was smaller than that of the other variables that
influenced the yield, such as Pmax changes. For the current study, and since both SHJ
modules have a similar TC, we can conclude that the TC did not show a significant impact
on the energy yield.

Figure 5a shows that a quite constant albedo is measured at the OTF on a brown gravel
ground surface throughout the year of 2017, and no significant seasonal variation was
observed. Figure 5b shows the irradiance profile for the GHI, the reflected irradiance from
the ground, and the calculated albedo during a clear sky day. At a maximum GHI value
of 1070 W/m2 and a maximum reflected irradiance of 480 W/m2, an albedo of 0.45 was
calculated (note that albedo is the ratio between the reflected irradiance and the normal
irradiance). Data filtering was performed by excluding outlier data at sunrise and sunset
(high azimuth angles).
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3.3. Outdoor Performance

The normalized daily power profile for the monofacial and bifacial SHJ modules
associated with the POA irradiance profile are presented in Figure 6a for a clear sky day.
The normalized Pmax of the bifacial module is 15% higher than the Pmax of the monofacial
module. The normalized Isc received from the rear side is higher than the normalized Isc
for the monofacial module by approximately 12%. (Figure 6b). No significant variation of
the Voc value was observed (Figure 6c). We can conclude from this that the main driver for
the increase in Pmax for the bifacial module is its higher Isc. Further, the gain in the Isc and
Pmax are maximum at noon.
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Figure 7a shows the cumulative specific energy yield in the years 2017 to 2019. The SHJ
bifacial module showed a higher specific energy yield of 9%, 11%, and 21%, respectively.
Note that for the year 2017, the data collection for monofacial modules started from
March 2017. The average daily energy yield over the testing period was 5.2 Wh/day/Wp
and 6.1 Wh/day/Wp for the monofacial module and bifacial SHJ modules, respectively,
which is about 15% higher. The increase in the energy yield of the SHJ bifacial module is
attributed to the irradiance received by the bifacial module on the rear side. The cumulative
monthly energy yield for the SHJ monofacial and bifacial modules are reflected in Figure 7b.
Generally, throughout the testing period, the bifacial module showed a higher energy yield
compared with the monofacial module.
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Figure 7. (a) Cumulative specific energy yield for bifacial and monofacial SHJ modules mounted at
standard tilt angle of 22◦, (b) monthly energy yield. Note: the monofacial data collection took place
from March 2017–2019.

The bifacial gain therefore depends on the utilization of the albedo. The latter is a
factor of various parameters, such as the incoming GHI, the surface reflectivity, fixed tilt
angle vs. use of tracker, PV module rack height, shading the module rear side by the rack,
and the Sun elevation angle. Similar studies [23] also reported that the bifacial gain can be
increased by up to 20–30%, depending on the system design, improvement of the albedo,
higher ground reflectivity, and optimized installation height. Apart from the albedo, the
bifacial gain depends also on the soiling rate and the module cleaning frequency, either by
rainfall and/or by a scheduled cleaning event as will be discussed in the next section.

3.4. Soiling Impact on the Performance of Monofacial and Bifacial Silicon Heterojunction Modules

In a desert climate, seasonal variation can be distinguished by winter raining months
with a high soiling rate and several rainfall events from October to April, and a summer dry
season with a high ambient temperature from May to September. Both PV soiling and a high
operating temperature affect the performance of the PV system. As shown in Section 3.1,
no significant difference in the temperature coefficient for monofacial and bifaical SHJ
modules were observed; therefore, we can assume that the impact of temperature on PV
performance is similar for both modules. In this section, we focus on the effect of the PV
soiling on the daily energy yield.

The daily energy yield data are presented in Figure 8 for the years 2017 to 2019.
Additionally, the daily normalized short-circuit current by the Plane of Array Irradiance
(Isc/POA) is used as a key indicator for the impact of the soiling on the module short-circuit
current, and gives a clear presentation of the linear fitting of the data. Further, the scheduled
cleaning, rain events, and dust storms were indicated by arrows and displayed also in
Table 2. The vertical dashed-lines and the capital letters from A to T indicate the period
with soiling. Generally, a drop in the energy yield and Isc was observed for both the bifacial
and monofacial modules due to the soiling effect. The energy yield and the (Isc/POA)
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losses were restored right after the module scheduled cleaning and/or after a rainfall event.
For both modules, the soiling rate was determined for each soiling period (from A to T)
and presented in Table 2.

Sustainability 2023, 15, x FOR PEER REVIEW 10 of 13 
 

 
Figure 8. Daily energy yield and daily normalized short-circuit current by the Plane of Array Irra-
diance (Isc/POA) for bifacial and monofacial SHJ modules during the testing period from April 2017 
to December 2019. (a,b) 2017, (c,d) 2018 and (e,f) 2019. The scheduled cleaning and rain events were 
indicated by arrows. The vertical dashed-lines and the letters A to T indicate the period with soiling. 

From Figure 8a,b, the bifacial module was cleaned only two times during the period 
G and H with an average soiling rate of 0.86%/day (see Table 2). During this period, the 
monofacial module was cleaned five times, as indicated by the period A to F with an av-
erage soiling rate of 3.4%/day. From Figure 7a, we have seen that during the year 2019, 
the bifacial gain was only 9%. Similarly, Figure 8c,d showed the period O where the bifa-
cial module was cleaned only once with an average soiling rate of 0.39%/day, while during 
the same period, the monofacial module was cleaned two times and indicated by the pe-
riods K, L, and M, with an average soiling rate of 1.8%/day. When the bifacial module is 
not cleaned, the monofacial module generated more energy than the bifacial module (pe-
riods F and M). 

From Figure 8e,f, firstly, period P showed quite a low soiling rate due to the rainfall 
events during this specific period. Similarly, the period T showed a lower soiling rate due 
to the rainfalls during the months November and December that kept both modules 

Figure 8. Daily energy yield and daily normalized short-circuit current by the Plane of Array
Irradiance (Isc/POA) for bifacial and monofacial SHJ modules during the testing period from April
2017 to December 2019. (a,b) 2017, (c,d) 2018 and (e,f) 2019. The scheduled cleaning and rain
events were indicated by arrows. The vertical dashed-lines and the letters A to T indicate the period
with soiling.
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Table 2. Period of PV module soiling, scheduled module cleaning, and/or cleaning by rainfall and
estimated soiling rate for the bifacial and monofacial SHJ modules from 2017 to 2019.

Period of Soiling and
Number of Days with no Cleaning

Soiling Rate
[%/Day] Comments

2017

A, from 2 April to 3 May (32 days) Monofacial 0.08%/day -

B, from 4 May to 4 July (62 days) Monofacial 0.31%/day Cleaning schedule 3–4 May. Dust storm
31 May to 1 June

C, from 5 July to 15 August (42 days) Monofacial 0.74%/day Cleaning schedule 4 July. Rainy day 15 August
D, from 16 August to 5 September (21 days) Monofacial 0.82%/day -
E, from 6 September to 27 October (52 days) Monofacial 0.59%/day Cleaning schedule 5 September
F, from 29 October to 16 December (49 days) Monofacial 0.88%/day Cleaning schedule 28–30 October

G, from 2 April to 15 August (136 days) Bifacial 0.31%/day Cleaning schedule 15 August

H, from 16 August to 17 December (124 days) Bifacial 0.55%/day Cleaning schedule 15 August. Rainy days
23 November and 17 December

2018

I, from 3 January to 24 February (53 days) Monofacial 1.42%/day Dust storm on 20 January. Rainy day
24 FebruaryBifacial 1.31%/day

J, from 5 March to 11 April (38 days) Monofacial 1.54%/day Cleaning schedule 5–6 March. Rainy days
17 March and 8–16 April. Dust storm on 31 MarchBifacial 1.48%/day

K, from 16 May to 2 July (48 days) Monofacial 0.34%/day Rainy day 16 May
L, from 3 July to 27 August (56 days) Monofacial 0.58%/day Cleaning schedule 3 July

M, from 30 August to 17 October (43 days) Monofacial 0.90%/day Cleaning schedule 28–30 August. Dust storm
15 October. Rainy day 17 October

N, from 22 October to 28 December (68 days) Monofacial 0.16%/day Rainy days 18–28 October
Bifacial 0.14%/day

O, from 16 May to 17 October (155 days) Bifacial 0.39 %/day -

2019

P, from 1 January to 30 June (181 days) - -

Q, from 3 July to 2 September (62 days) Monofacial 0.48%/day Cleaning schedule 2–3 July
Bifacial 0.39%/day

R, from 2 September to 17 October (45 days) Monofacial 0.57%/day Cleaning schedule 3–4 September
Bifacial 0.44%/day

S, from 18 October to 4 November (18 days) Monofacial 0.50%/day Rainy day 17 October
Bifacial 0.43%/day

T, from 7 November to 28 December (52 days) Monofacial 0.02%/day Cleaning schedule 5–7 November. Rainy days 10,
19, 25 November and 8–18 DecemberBifacial 0.03%/day

From Figure 8a,b, the bifacial module was cleaned only two times during the period
G and H with an average soiling rate of 0.86%/day (see Table 2). During this period, the
monofacial module was cleaned five times, as indicated by the period A to F with an
average soiling rate of 3.4%/day. From Figure 7a, we have seen that during the year 2019,
the bifacial gain was only 9%. Similarly, Figure 8c,d showed the period O where the bifacial
module was cleaned only once with an average soiling rate of 0.39%/day, while during the
same period, the monofacial module was cleaned two times and indicated by the periods
K, L, and M, with an average soiling rate of 1.8%/day. When the bifacial module is not
cleaned, the monofacial module generated more energy than the bifacial module (periods F
and M).

From Figure 8e,f, firstly, period P showed quite a low soiling rate due to the rainfall
events during this specific period. Similarly, the period T showed a lower soiling rate
due to the rainfalls during the months November and December that kept both modules
cleaned. The calculated soiling rate for the bifacial and monofacial modules is 0.03%/day
and 0.02%/day, respectively. Secondly, the bifacial module showed a slightly lower soiling
rate when compared with the monofacial module, as clear when comparing the periods
where both modules received similar cleaning scenarios. For example, the calculated soiling
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rate for the bifacial module during the period Q, R, and S in 2019 is 0.39%/day, 0.44%/day,
and 0.43%/day respectively, while the calculated soiling rate for the monofacial module is
0.48%/day, 0.58%/day, and 0.50%/day, respectively.

Negligeable soiling on the rear side of the bifacial module was observed and no
module cleaning was performed on the bifacial rear side. The relevant literature also
showed that the soiling rate on the rear side of the bifacial module is insignificant when
compared with the front side soiling. For instance, a value of 0.039%/day was calculated
by Luque et al. [20]. Hence, for the bifacial module, the rear side will contribute to the
energy yield when the front side is not cleaned, and therefore, the bifacial module is less
sensitive to the PV soiling than the monofacial module.

The different module cleaning scenarios applied during the testing period and the
soiling rate are presented in Table 2. The period of soiling is defined as the period where the
PV module is not cleaned. The soiling rate is estimated from the drop in the daily energy
yield due to soiling. Dust storms were recorded once during 2017, three times during 2018,
and there was no dust storm recorded during 2019.

In summary:

• The impact of soiling on the daily energy yield is considerable, and therefore module
cleaning frequency and the impact of soiling should be taken into account when
comparing the bifacial gain and annual energy yield generated. For example, Figure 7
shows a higher bifacial gain during the year 2019 due to the frequent module cleaning
and rainfall events in a short period. Additionally, the reason for a slight higher energy
yield for the monofacial module (Figure 7) compared with the bifacial module during
Feburary 2018 is due to the soiling impact (see also Figure 8c,d).

• On average, the energy yield for the bifacial module is higher than that of the monofa-
cial module, as indicated also in Figure 7.

• The bifacial module does not require a similar cleaning frequency as the monofacial
module due to the lower decrease in module efficiency for the same front-side soiling.

• The results also emphasized the importance of an optimized module cleaning schedule
considering rainfall events in order to reduce the module cleaning frequency and,
therefore, the PV site Operation and Maintenance (O&M) cost.

4. Conclusions

This work summarizes the performance of monofacial and bifacial silicon heterojunc-
tion modules installed at 22◦ tilt in the desert climate condition of the state of Qatar. The
bifacial SHJ module showed a 15% higher energy yield compared with the monofacial SHJ
module. The increase in the energy yield is attributed to the contribution of the bifacial rear
side, due to the reflected irradiance received by the bifacial module. During a clear sky day,
the normalized maximum power generated by the bifacial module was found to be 12%
higher than the normalized maximum power generated by the monofacial configuration,
mainly due to the higher current of the former module.

In a desert climate characterized by a high operating temperature, using silicon hetero-
junction (SHJ) technology is advantageous due to its lower power temperature coefficient
compared with other silicon technologies, such as Aluminum Back Surface Field (Al-BSF),
Passivated Emitter Rear Contact (PERC), Tunnel Oxide Passivated Contact (TOPCon), and
Interdigitated Back Contact (IBC). No significant difference was found in the measured
module temperature coefficient for the two modules.

Finally, the soiling rate during the testing period indicated that the bifacial module
was clearly less sensitive to soiling compared with the monofacial module, and is attributed
to the rear-side power contribution for the bifacial module and the absence (or negligible)
of the soiling on the rear side. These results demonstrated that the cleaning frequency
during the summer months could be reduced for the bifacial module (compared with the
monofacial module) in order to reduce the module cleaning cost and, therefore, the PV site
O&M cost.
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As a direction for further research, the current data will be used for a techno-economic
study to further investigate the impact of PV performance in desert climates on the PV site
economical parameters, particularly considering the O&M and lifetime costs.
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