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ABSTRACT

The energy received by solar collectors for power generation is limited to various
conditions. The average data on solar irradiation are normally used to determine the
potential of solar energy at any location. However, the variation of solar energy due to
seasonal differences could affect the actual performance of the collectors, consequently
leading to poorly justified system installations, which are high in cost. In this work, the
characteristics of solar energy radiation in Kuwait were studied by measuring irradiance
and comparing the data of selected time periods in two extreme seasons. A pyranometer,
mounted two meters above the ground on a tubular beam in a shade-free area at a solar
energy laboratory in Kuwait was used to measure irradiance on three consecutive days in
summer and winter. The radiation data were recorded at five-minute intervals in each
season for comparison. It was found that the average irradiance energy in the winter was
up to 61% less than in the summer. In addition, the study revealed that the day-to-day
variation of irradiance in winter (31%) was approximately 6.5 times higher than in the
summer (4.8%). Clearly, the operation of solar power generation systems in the area
during winter would face significant day-to-day fluctuations. As a result, this would
necessitate frequent operation of backup power systems in order to meet the electrical
power load demand.
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INTRODUCTION

The light and heat energy from the sun, also known as solar energy, is increasingly in
demand given the escalating global price of fossil fuels. Known as a clean energy that has
no direct release of emissions, solar energy is also seen as a good alternative energy to
address problems related to the environment that result from the combustion of fossil
fuels, such as the greenhouse gas problem [1, 2]. Two of the most common solar energy
conversion devices are the solar photovoltaic (PV) and solar thermal energy systems.
Solar PV systems convert solar energy into electricity through arrays of solar cells that
are mounted on surfaces that are free from shade such as roofs and open fields [3, 4].
There are many types of solar PV cells: monocrystalline silicon cells, multi-crystalline
silicon cells, thick film silicon, and amorphous silicon. By contrast with photovoltaic,
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solar thermal energy involves heating fluids through specially designed collectors for
various purposes, ranging from domestic applications to steam production for electrical
power generation [5]. The present technologies to extract solar energy are still regarded
as expensive although the costs have been decreasing through extensive research and
development activities [6]. This is partly due to its nature, wherein power generation is
limited only to the time when sunlight is available. Despite its high costs, solar energy
has become more widely applied; the solar PV industry’s combined global revenue alone
was estimated at US$37 billion in 2008 [7]. However, any decrease in the efficiency of
any solar power generation throughout its life cycle is undesirable because of its high
capital cost. PV cells, for instance, may last for only about 25 years, and it takes
approximately up to six years [8] to generate an amount equivalent to the energy
consumed in its manufacturing processes. One significant factor that can contribute to a
drop in the efficiency of solar panels is reduction of light irradiation, which can be for
many reasons, such as accumulation of dust or algae on the panel [9, 10].

Variation of sunlight irradiation due to the sun's declination, which varies with the
seasons, is another reason for reduction in light irradiation on solar panels [11]. The nature
of this problem may vary by geographical location. Because of the high capital cost of
solar power generation systems, economic considerations are critical, and this involves
estimation of the potential amount of power that can be generated, the payback period,
lifespan, etc., typically measured by average data [12]. Hadi et al. [13] suggested that the
payback period for the usage of a solar PV system would be at least seven years, although,
in their calculations, a constant (average) value of annual solar insolation of 2,080
kWh/m2/yr was used, based on the work of previous researchers [14, 15]. The calculation
could be different if factors such as solar insolation were taken into account. Nevertheless,
any variation of solar irradiation due to the sun's declination would result in below-
average system operation. Making up for the deficiencies would require the use of a
backup power system, which might eventually increase the overall cost of operation.
Hence, more careful planning would be required, considering the local seasonal data of
solar irradiation. Unfortunately, seasonal data are both expensive and difficult to obtain
in many countries, including Kuwait. Although studies on solar irradiation were reported,
for example in the work by Al-Enezi et al. [16], these studies only estimated solar
radiation in Kuwait through a readily developed model. In a different work, Ghoneim and
Abdullah [17] conducted a feasibility study of solar heating by using TRNSYS. The
objective of this work was to characterize solar irradiation in Kuwait by measuring
irradiance and comparing data of selected time periods in two different extreme seasons.
The findings from this work can be used to decide if a more comprehensive measurement
involving a longer period of time is required.

METHODOLOGY

The study was conducted at Al Abdali solar farm (30.018°N, 47.712°E) located about 80
km north of Kuwait City. The solar farm, about 23 m above mean sea level, was also
approximately 4 km from the border with Iraq. The location had about 10 hours of
sunlight during the winter and 14 hours in the summer. A Sunshine Pyranometer Type
SPN1, as shown in Figure 1, was used to measure solar irradiance as well as irradiance
by the earth’s surface due to reflection of sunlight. Table 1 shows the basic specifications
of the pyranometer. The instrument was connected to a data logger to enable unmanned
continuous measurements. In order to avoid inaccuracy due to shading, the instrument
was mounted on flat ground, away from buildings or any tall structures. The instrument
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was mounted on a tubular beam attached to a tall pole, such that it was at a height of 2
meters from the ground and 0.8 m away from the pole.

Figure 1. The pyranometer at site.

Table 1. Basic specification of the pyranometer.

+5% Daily integrals

Overall accuracy +5% +10 W.m2 hourly averages
+8% +10 W.m2 individual readings

Resolution 0.6 W.m2=0.6 mV

Range 0 to >2000 W.m™

Analogue output sensitivity 1mV=1W.m?2

Analogue output range 0-2500 mV

Sunshine status threshold 120 W.m2 in the direct beam

Temperature coefficient + 0.02% per °C typical (-20 to
+70°C)

Temperature range -40 to +70°C

The radiation data were measured at five-minute intervals for at least three
consecutive days (24 hours per day) during the summer and winter. Such measurements
were to allow for a comparison of day-to-day variation in the trend of irradiation during
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each season. The pyranometer was cleaned daily to ensure that its cover was free from
light obstruction particles like sand and dust.

RESULTS AND DISCUSSION

The measurements in the summer and winter were conducted on 21-23 June 2013 and 9-
22 December 2013, respectively. The duration in winter was longer than initially planned
because the day-to-day variations were found to be significant. Figure 2 shows a typical
temporal variation of irradiation throughout a day in summer, comprising solar incidence
and surface reflection (from the earth’s surface). As shown in Figure 2, solar incidence
was first detected at about 5:00, around the time of sunrise, after which the amount of
irradiance increased steadily until reaching a peak value (around 0.38 kW/m?) at about
11:00. The irradiation due to solar incidence started to decrease at an approximately
constant rate after about 13:00. The pattern for irradiation due to surface reflection is
shown in Figure 2 to be almost identical to that due to solar incidence, although the peak
value (around 0.13 kW/m?) occurred later, at about 12:00. After around sunset, irradiation
by solar incidence and surface reflection is shown to be diminished.
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Figure 2. Typical daily variation in summer.

Related to irradiation due to surface reflection is albedo, which is the ratio of
surface reflection to solar incidence. In Figure 2, albedo is represented by the U-shaped
curve. The values of albedo are extremely high at the times of sunrise and sunset. This
could be misleading, given that the denominator in the calculation for albedo would be
low at those times. The more appropriate values of albedo lie at the time when it is quite
constant (almost horizontally, as depicted in Figure 2): i.e., between 6:00 and 18:00.
Albedo implies how strongly the earth reflects sunlight back to the atmosphere, and is

2947



Characteristics of solar energy radiation on typical summer and winter days in Kuwait

highly relevant for studies related to global warming and greenhouse gases. However,
since albedo is beyond the primary interest of this paper, it is not discussed further.

Summer

Figure 3 shows the temporal variation of irradiance during the summer on 21-23 June
2013. The data were collected starting from midnight at intervals of 5 minutes until about
18:00 on the third day. The measurement on the third day was slightly shorter for a
technical reason, although this did not affect the purpose of the study. The figure shows
that every day the first recordable irradiance started at about 5:00 am and the last occurred
at around 18:45, and these were in tandem with the sun’s positions (sunrise and sunset).
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Figure 3. Variation of irradiance in the summer.

In general, the rise in irradiance is shown in the figure to be quite steady at a rate
of 0.071 kW/m?2 per hour. The peak irradiances are shown to occur at between 11:00 and
11:30, with peak values of between 0.38 and 0.41 kW/mz2. Generally, the differences in
the day-to-day irradiance are shown in Figure 3 to be small. This is supported by the graph
in Figure 4, in which the daily irradiance distributions are superimposed based on time of
day. As shown in both Figures 3 and 4, the fluctuations and variation in the measurements
occurred between 12:00 and 16:00, although the differences are shown to be small. The
maximum deviation in the day-to-day results is about 0.1 kW/mz2. The reason for the
fluctuations in the results is unclear, although the authors would suggest that it could be
due to the presence of light cloud, which is common in the afternoon due to the
evaporation of water. Another possible reason could be the occurrence of sandy wind
which intermittently obstructs the light path from the sun. The total energy collected on
each day is also shown in Figure 3. The three-day average irradiance energy is 2.95
kW/m2 and the standard deviation is 0.14 kW/m?2 (4.8%), which is small. The small
deviation in irradiance implies that the weather is consistently clear in the summer at the
test site, with the absence or minimum presence of clouds or suspended sand dust [16].
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Figure 4. Day-to-day variation in irradiance in the summer.

Winter

Figure 5 shows the temporal variation of irradiance during the winter on 10-12 December
2013. The data were collected in the same manner as in the summer, starting from
midnight for 72 hours. Generally, the figure shows that every day the first recordable
irradiance started at about 6:30 and lasted to around 17:00, which tallied with the sunrise
and sunset. It is clearly shown in the figure that the graphs display significant fluctuations
compared to those in the summer, and this is suggested as being due to the changing
weather conditions at the time of measurements. The peak irradiances for the three days
occurred consistently at around 12:00, although the values are shown to be significantly
different, i.e., between 0.25 and 0.30 kW/mz2. The total energy collected on each day is
shown in Figure 5, ranging between 0.78 and 1.51 kW/m2. It is interesting to note that,
although the highest recordable irradiance occurred on Day 2, the energy collected for the
same day was the lowest. The three-day average irradiance energy is 1.15 kWh/mz2 and
the standard deviation is 0.36 kwWh/m?2 (31.7%), which is very large. In comparison with
the results in summer, the average collected energy by irradiance in winter is about 61%
less. This implies that the collectable energy in the winter is significantly low and thus
may require the operation of a backup power supply in order to make up for the
deficiency.

The differences in the day-to-day irradiance are shown in Figure 5 to be obvious,
and this is verified by the graph in Figure 6, in which the daily irradiance distributions are
superimposed based on time of day. As shown in Figure 6, the differences in irradiance
are small only in the first hour after sunrise and one hour before sunset, probably due to
the influence of long wavelength light around those periods of time. The variation in the
measurements is greatest during the middle of the day. The trends on Day 2 demonstrate
a greater difference than those on other days. The maximum deviation in the day-to-day
results is about 0.23 kW/mz2. The variations and fluctuations could be due to the changing
weather in winter. During this work, it was decided that the measurement of irradiance
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for winter should be prolonged for another 11 days in view of the fluctuations and
inconsistency of the irradiance pattern shown in Figures 5 and 6. The method of
measurement was maintained, and the results are shown in Figure 7 in the form of
variation of irradiance for a total of 14 consecutive days (including the first three days).
From the figure, it is clear that fluctuations and day-to-day variations prevail, as indicated
earlier in Figure 5.
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Figure 5. Variation of irradiance in the winter.
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Figure 6. Day-to-day variation in irradiance in the winter (3 days).
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Figure 7. Day-to-day variation in winter (14 days) as additional observation.
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Figure 8. Daily distribution of irradiance energy in the winter.

The distribution of daily average irradiance energy is presented by the histogram
in Figure 8. The average irradiance energy is 1.235 kWh/mz2 and the standard deviation is
0.390 kWh/m2 (31.6%), which is very large and consistent with the findings presented for
Figure 6. Thus, the results in Figures 7 and 8 strengthen the suggestion that solar
irradiation in Kuwait is disrupted in the winter season and thus would affect power
generation performance. Due to large fluctuations, the amount of solar energy that can be
harvested in the winter is less than in the summer. Thus, a backup power system will have
to perform extra work during winter, therefore incurring higher operational costs [18].

CONCLUSIONS

A study was conducted to investigate the trends of solar irradiance in Kuwait in two
different seasons: summer and winter. The results in the two seasons were compared in
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order to understand the nature of irradiation at the site. Overall, irradiation in the summer
was found to be significantly greater than that in the winter. Thus, proper attention has to
be given to sizing solar energy conversion equipment for the specific place of study.
Furthermore, the following conclusions can be drawn:

1. The day-to-day variation of irradiance in the summer was found to be small with
a standard deviation of irradiance energy of only 4.8%. On the other hand, the
variation was significantly larger in the winter with a standard deviation of over
31%, or 6.5 times higher than in the summer. This suggests that the operation of
solar energy systems in winter would face significant day-to-day fluctuations. In
the case of electric or thermal power production by means of solar energy, this
could lead to complications in operation due to the unsteady supply of energy
from the source.

2. The amount of irradiance energy in the winter was observed to be up to 61% less
than in the summer. Consequently, this would necessitate frequent operation of
backup power systems (such as diesel engines) in order to make up for the
electrical power load demand.

The findings from this work were the result of measurements within a very short period
of time, as the primary intention was to study the general trend. Further study should be
conducted for a longer period of at least a year, in order to obtain more convincing results.
Diversification of sites of study would also help to understand the trends better.
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