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Abstract

This paper presents an overview of actual solar radiation data measurements in Ghardaia site (32.360 N,
3.810 W, 450 m above MSL). Global solar radiation and surface temperatures were measured and
analyzed for one complete year from 1 January-31December 2005. The data thus recorded are compared
with corresponding data of the 22-year average of NASA's surface meteorology and solar energy-model.
Hourly, daily and monthly solar radiation was made from five-minute recorded by EKO Pyranometer.
The highest measured daily and monthly mean solar radiation was found to be 369 and 326 (W/m?), and
the highest five minute averaged solar radiation values up to 1268 (W/m?) were observed in the summer
season from May to September, and the yearly average daily energy input was 21.83 (MJ/m?/day).
Besides the global solar radiation, the daily and monthly average temperature variations are discussed.
The collected data indicate that Ghardaia has a strong potential for solar energy applications.
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1. Introduction

Energy is a continuous driving force for economic development, social advancement, and improved
quality of life, the growing world population combined with the fast depleting reserves of fossil fuels has
encouraged researchers in the field of engineering to pursue development and use of renewable energy
resources [4, 5].

Studies on solar radiation have become an important issue for renewable energy issues stemming from
oil crises, global warming and other environmental problems, thus increasing the need of reliable
measurements of surface solar radiation [5].

Solar energy applications require a complete knowledge and detailed analysis about the potentiality of
the site, so a database at ground level is an important feature in solar energy conversion systems, and can
used in several forms and for a variety of purpose[16,17] .

This information can be gathered from different data sources, such as ground measurements by
pyranometers [16] or reference cells or derived from satellite data. One of the most accurate methods to
evaluate the surface solar radiation is to use pyranometers at many locations in the given region, and look
after their day-to-day maintenance and recording. When measurements are recorded, a strict quality
control is mandatory in order to build a confident database.

The solar radiation received from the Sun without having been scattered by the atmosphere is called the
direct (beam) solar component, and the solar radiation received from the Sun after its direction has been
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changed by scattering by the atmosphere is called the diffuse solar component. Global solar radiation is
the algebraic sum of two solar components; direct (beam) and diffuse [3].

Due to its geographical position in the solar belt, Algeria is blessed with an abundance of solar energy
and has the opportunity to utilize this bounty of natural energy effectively, promoting a clean
environment, and developing renewable energy technologies in the region.

Ghardaia city is a dry and arid site, characterized by an exceptional sunshine, most often, it has a very
important rate of insolation (75% on average) and the mean annual of global solar radiation measured on
horizontal plane exceeds 20 (MJ/m?). The sunshine duration is more than 3,000 hours per year, which
promotes the use of solar energy in various fields.

Many models have been developed, and many studies based on these models have been performed to
estimate solar energy. An analysis study of hourly diffuse solar radiation on horizontal surface was
presented by Karatasou et al [1], they used data for Athens site for establish relationships between the
diffuse fraction and clearness index (Kt). Mustafa G [2] and Oturanc et al [13] performed an analysis of
daily total horizontal solar radiation measurement for 9 cities and for Konya city in Turkey. They
compared actionograph data with pyranometer data of some stations, and developed a nonlinear model
between the monthly average daily global solar radiation and the ambient temperature. They observed
that the maximum value of the monthly average daily hours of bright sunshine occurred in June reaching
14.58 hours, while the minimum value was recorded during December with 9.41 hours. They also
observed that, the error increase in winter months and decreased in summer months.

Measurement of solar energy radiation in Abu Dhabi was presented by M.D Islam et al [6], who found
that the highest daily one-minute average daily solar radiation was 1041 (W/m2) While the yearly
average daily energy input was 18.48 (MJ/m2/day).

Global solar radiation data in north-eastern Saudi Arabia was investigated by Ahmet Aksakal et al [7, 9]
from 1 January-31 December for one complete year. The highest measured daily and monthly mean solar
radiation were found to be 351 and 328 (W/m?), respectively and the highest one-minute averaged solar
radiation values up to 1183 (W/m?) were observed in summer season.

Chanchal Kumar et al [8] studied the diffuse solar radiation on tilted surface in Lucknow, India. They
used the isotropic and anisotropic model, and they proposed the last one for estimation the diffuse solar
radiation on inclined surface for Lucknow site.

Solar radiation measurements and their analysis for the USA are presented by Stoffel et al and Wilcox et
al [14, 15]. They showed how the solar measurements are important for policy decisions, technology
selection, designing, monitoring the performance of solar energy conversion systems and models
development; they presented also different instruments for the measurement of solar radiation and their
calibrations.

In the present paper, we measured solar energy radiation and temperature for a one complete year, and
we then supported our measurements by comparing them with corresponding data of the 22-year average
of NASA's surface meteorology and solar energy-model (SSE model).

2. Experimental setup

The site of the measurement station was located at the Applied Research Unit for Renewable Energy of
Ghardaia city (32.360 N, 3.810 W and 450 m above MSL). This study was carried out in 2005 for a
complete year. The meteorological data and the global solar radiation measurement instruments were set
at the roof of solar radiation laboratory. An EKO MS-64 Pyranometer was used to measure global solar
radiant flux; its short wave sensitivity is 7.0 (mV/ kW.m?). The temperature air surface measurements
data, was made by TECNOEL sonde Thermo-Igromertiche, its calibration accuracy is + 1.5% and
temperature sensitivity is 0.1(° C/ mV).

A data logger and a CAMPBELL SCIENTIFIC CR10X data acquisition system were installed in the
solar radiation laboratory for reading measurements. From the raw data stored for every five minute, the
mean, maximum and minimum hourly values were calculated. From the hourly data set, daily and
monthly statistics were made for the solar radiation and temperature data.

3. Results and discussion

Daily mean and maximum temperatures and solar radiation data indicate that the values are higher in the
summer months and lower in the winter season. Figure 1 shows the observed daily average and daily
maximum global solar radiation for the entire year of 2005. The daily maximum of 1268 (W/m?) and the
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highest daily mean of 369 (W/m?) were recorded on June 19 and May 21, respectively. Daily mean solar
radiation values were high during the period of 26 March to 27 September.

Monthly average daily and peak daily global solar radiations for the year of 2005 are given in Figure 2.
The month of June appears to have the highest monthly average daily radiation of 326 (W/m?). The
month of December was recorded to have the lowest monthly average daily solar radiation of 143
(W/m?). Average daily energy input for the whole year was 21.83 (MJ/m?/day), which agrees with the
global solar map [11, 12].
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Figure 1. Daily averages and daily peaks of global solar radiations throughout the year

B max Maverage

1400 -
1200
1000
800
600
400
200

Global irradiance [W/m?|

Month

Figure 2. Monthly averages and monthly peaks daily total solar radiation

We compared also our measurements of the monthly mean daily values of global solar radiation for
Ghardaia with the larger time-series data of the NASA SSE model [10], as shown in Table 1. Our
measurements agreed with the 22-year average global solar radiation data of the NASA SSE model and
can be considered representative.

The highest daily mean and maximum temperatures were 43.87°C and 48.81°C on 27 and 29 July,
respectively, as seen in Figure 3. The minimum recorded temperature was 0°C on 29 January.

Monthly average daily temperature variations are shown in Figure 4. The highest monthly average daily
temperature is calculated to be 37.4°C in July. However, the highest daily temperature occurred in July.
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Using the NASA (SSE) model; we also compared the temperature of Ghardaia with them and we found
that, the measured data agree with NASA SSE model with slight deviation, as shown in Table 2.

When we look at Tables 1 and 2, we see that, especially in summer, the general trend is that, global
radiation is high where the temperature is high

Table 1. Monthly mean daily values of global solar radiation (MJ/m?) for Ghardaia

Month Present Measurement NASA SSE model
(22-year average)

January 13.57 10.36

February 16.92 14.86

March 22.38 19.11

April 25.48 24.51

May 27.14 26.71

June 29.10 27.50

July 27.95 28.26

August 25.29 25.45

September 21.23 20.34

October 17.48 14.47

November 15.14 10.80

December 11.96 09.21

Annual 21.14 19.30
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Figure 3. Daily average, minimum and maximum temperature throughout the year
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Figure 4. Monthly average daily means, minimum and maximum temperature

Table 2. Monthly averaged temperature (°C) of Ghardaia

Month Present Measurement NASA SSE model
(22-year average)
January 09.32 08.62
February 10.74 10.71
March 18.48 14.35
April 22.25 18.63
May 28.80 23.85
June 32.19 29.03
July 37.48 31.84
August 33.98 31.48
September 28.88 26.71
October 24.15 20.86
November 17.43 14.54
December 11.30 09.97
Annual 22.91 20.50
4. Conclusion

In this study, global solar radiation and temperature data were measured to get a better view of the solar
energy potential in Ghardaia area. The total solar radiation of Ghardaia throughout the year, indicate a
strong potential for utilizing solar energy. Daily average global solar radiation data show that average
values are higher in the summer season from May to August and are comparatively lower in the winter
months. The highest daily average solar radiation value of 369 (W/m?) was measured on May 19,
whereas the daily maximum global radiation of 1268 (W/m?) was recorded on June 18. Average daily
energy input throughout the year 2005 was 21.83 (MJ/m?/day), which agrees with the global solar map.
The NASA SSE model supports our measurement as a representative one.

The maximum temperature in the summer exceeds 48°C. The highest daily maximum and monthly
average temperatures were 48.81°C and 43.87°C on 29 and 27 July.

Solar radiation in Ghardaia area is promising; the higher values of global radiation energy recorded in
summer season were 28 (MJ/m?/day) and lower ones during winter were 14 (MJ/m?/day).
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