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5- Photovoltaic cell
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1- General model
2- Site-dependent
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Table 1- Information and Coordinates of the meteorological stations
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Table 2- Coefficients for Eq. (5)

oS! A
Station
olegec! 0.111
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ol 0.276
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e 0.296
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Table 3- Statistical evaluation of the proposed model to estimate solar radiation

Index as L Station sKuw! Model Juo
MRC Isfahan ;o 0.0037
Kerman ;s 0.0007
Mashhad syze 0.1
Tabas .l 0.0009
Khur and Biabanakblyg, e 0.0008
Mean .Sle 0.0042
EM Isfahan ;Lo 0.97
Kerman ;s 0.98
Mashhad syze 0.97
Tabas b 0.98
Khur and Biabanak GLlss,s 0.98
Mean . Ske 0.98
MBE Isfahan ;o -0.066
GM.d.m")
Kerman ;s 0.0008
Mashhad s -0.18
Tabas .l -0.0157
Khur and Biabanak GLlsg,ss -0.0137
Mean ,Sle -0.057
RMSE Isfahan il 5.9
M.d.m")
Kerman e ,s 4
Mashhad s 59
Tabas ..l 4.97
Khur and Biabanak GLlsg,s 4.8
Mean . Sle 5.11
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Table 4- Analysis of seasonal Variogram of stations

Jie _ Proporti
pl,Ssls Season  J.as Nucg:)[?et CSUIJIC Par?rﬁgt%? Ao Effective Range c /?C?O + R? RSS
Variogram C)
Spherical ~ Winter lu.; 0.58 7.169 1357000 57000 0.919 0.895 2.28
Spring e 0.42 5.73 681000 81000 0.927 0.86 3.89
summer kb 0.01 6.75 42000 2000 0.999 0.847 6.11
Fall 5. 0.58 6.2 717000 17000 0.9 0.877 3.84
Exponential ~ Winter ;. 0.43 6.86 598000 94000 0.937 0.873 2.93
Spring k. 0.2 7.214 426000 78000 0.972 0.83 4.64
Summer kb 0.01 7.3 201000 3000 0.999 0.819 7.41
Fall 50l 0.02 7.49 381000 35409 0.997 0.885 3.61
Linear winter ke 0.6927 5.53 735439 35409.9 0.875 0.892 81
Spring 1.29 6.41 735409 35409.91 0.798 0.775 94.1
Summer b 2.64 7.94 735409.9 35409.9 0.668 0.582 111
Fall 5.l 1.343 6.97 73549 35409 0.807 0.831 112
Linear to sill ~ Winter . 0.71 7.25 998000 98000 0.902 0.892 2.24
Spring 1.31 8.61 1056000 56000 0.848 0.775 6.23
summer ;b 2.67 11.24 1212000 13000 0.766 0.582 16.6
Fall 50l 1.36 8.72 966000 66000 0.842 0.83 5.3
Gaussian  Winter :us; 1.09 7.808 485000 40044.64 0.812 0.913 1.87
Spring k. 131 5.77 335000 80237.02 0.804 0.86 3.87
summer b 0.9 6.81 202000 49874 0.868 0.851 5.9
Fall 50l 1.15 6.08 313000 42131 0.811 0.863 4.29
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Figure 1- The spatial_ seasonal distribution of the average of Rsbased on the proposed model
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Figure 2- The percentage of Rs values based on the model proposed in autumn
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Introduction: Solar radiation (Rs) energy received at the Earth's surface is measured usingclimatological
variables in horizontal surface and is widely used in various fields. Domination of hot and dry climates
especially in the central regions of Iran results from decreasing cloudiness and precipitation and increasing
sunshine hours, which shows the high potential of solar energy in Iran. There is a reasonable climatic field and
solar radiation in most of regions and seasons which have provided an essential and suitable field to use and
extend new and pure energy.

Materials and Methods: One of the common methods to estimate the solar energy received by the earthis
usingtemperature variables in any place . An empirical model is proposed to estimate the solar energy as a
function of other climatic variables (maximum temperature) recorded in 50 climatological, conventional stations;
this model is helpful inextending the climatological solar-energy estimation in the study area. The mean values
of both measured and estimated solar energy wereobjectively mapped to fill the observation gaps and reduce the
noise associated with inhomogeneous statistics and estimation errors. This analysis and the solar irradiation
estimation method wereapplied to 50 different climatologicalstations in Iran for monthly data during1980-2005.
The main aim of this study wasto map and estimate the solar energy received in four provinces of Yazd, Esfahan,
Kerman and Khorasan-e-Jonoubi.The data used in this analysis and its processing, as well as the formulation of
an empirical model to estimate the climatological incident of solar energy as a function of other climatic
variables, which is complemented with an objective mapping to obtain continuous solar-energy maps. Therefore,
firstly the Rswasestimated using a valid model for 50 meteorological stations in which the amounts of solar
radiation weren't recorded for arid and semi-arid areas in Iran. Then, the appropriate method was selected to
interpolate by GS+ software and after that, the seasonal maps of the received solar energy over the ground
surface were produced by GIS software. The best fitof the Gaussian model was determined in winter with the
lowest residual error and the highest correlation 1.87 and 0.913respectively, in spring with the lowest RSS and
highest R23.87 and 0.86 respectively and during summer with RSS and R?, 5.9 and 0.851 and the exponential
model in autumn withthe RSS and R?, 3.61 and 0.88..

Results and Discussion: Naturally, some of the differences in the mean solar energy among the stations may
be related to inter annual variability rather than to differences in the climatic, radiative regimes. If different
periods for the climatological estimations are used, the resulting mean values can be representative of the
regional climatic regime of solar energy. The results showed that 53% of Yazd province Received 26 Mj /
m2.day, in summer.In winter, more than 80% of Yazd province received 15 Mj / m2.day radiation. Kerman
compared to other provinces received high solar radiation, especially this feature wasmore pronounced in winter
because in this season compared to Yazd, Kerman radiation didnot only showed greater range, but also about
40% of the province's total area received 16 Mj / m2.day radiation, whereas Yazd no radiation was received
during this season. Because Kerman is located in the southeast of region and itreceived more solar radiation than
other provinces.In this study, the amount of solar energy in surface of 4 provinces including Yazd, Esfahan,
Kerman and South Khorasan in arid and semiarid regions of Iran was estimated by the geostatistic. Seasonal
mean values of solar energy absorbed at the surface of 4 stationswascalculated. The results showed that Kerman
with receiving 27.25 (Mj m-2. D-1) averagely has the most received solar energy and Esfahan with 21.54 (Mj m-
2. D-1) during the summer has received the least solar energy. The limited records of solar energy used in
thisanalysis madethe analysis of long-term variations impossible. This paper wasthe first stage of a more
extensive study which involvedmonitoring the behavior of photocells under real environmental conditions,
which allowedto obtain efficiency curves used in the mapping of actual photovoltaic potential inarid and
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semiarid regions of Central Iran. This analysis must be complemented by better, higher resolution estimates of
the incident solar energy; a viable alternative for such a task is the use of satellite observations. However, a
better photovoltaic prospection, with high quality data, is necessary.
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