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Abstract

Basrah governorate was exposed to a water crisis in
2018 due to the increase in salt concentrations and the
increase in pollutant concentrations in the Shatt al-Arab
due to the decrease in water revenues. In some locations,
salt concentrations increased to more than 39000 mg / L.
This caused a serious environmental disaster which
affected all aspects of life in the governorate. The
agricultural, industrial and health sectors. Therefore, it
was necessary to find radical solutions to reduce the
problem, including the use of available natural resources,
including solar energy, Where the amount of solar
radiation on the surface of the province was calculated
program GIS in the package of solar radiation calculation
programs, which proved that the province receives huge
amounts of solar energy monthly and annually totaling
between 1500-3000 kW / m 2 / hour where it can invest
for the purpose of setting up stations Desalination of
water along the coastal area and adjacent areas can be
used in multiple types of desalination plants in addition
to the establishment of double stations for the production
of electric power and linked to the water network and
electric and can reduce the demand for energy and
further reduce pollution rates and achieve the
development of a renewable Nation in the region.
Key words: Solar Energy, desalination, marine water,
GIS
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Solar gelinll (e Wladal &3 A plady) lus ga’ Padizall cYaleal)
radiation

Solar radiation equations

Global radiation calculation

Global radiation (Globaly) is calculated as the sum of direct
(Diryt) and diffuse (Dify) radiation of all sun map and sky map
sectors, respectively.

GlObaltot = Dirtot + Diftot

Direct solar radiation

Total direct insolation (Diry) for a given location is the sum of the
direct insolation (Diry ) from all sun map sectors:
Dirtot =X Dil‘e,a (1)

The direct insolation from the sun map sector (Dirg,) with a
centroid at zenith angle (0) and azimuth angle (@) is calculated
using the following equation:

Dirgq = Sconst * P™® * SunDurg, * SunGaps,, * cos(Anglng,) (2)

e where:

= Sconst — The solar flux outside the atmosphere at the mean
earth-sun distance, known as solar constant. The solar constant
used in the analysis is 1367 W/m?. This is consistent with the
World Radiation Center (WRC) solar constant.
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= P — The transmissivity of the atmosphere (averaged over all
wavelengths) for the shortest path (in the direction of the
zenith).

= m(0) — The relative optical path length, measured as a
proportion relative to the zenith path length (see equation 3
below).

= SunDurg, — The time duration represented by the sky
sector. For most sectors, it is equal to the day interval (for
example, a month) multiplied by the hour interval (for example,
a half hour). For partial sectors (near the horizon), the duration
is calculated using spherical geometry.

= SunGaps,, — The gap fraction for the sun map sector.

= Anglng, — The angle of incidence between the centroid of
the sky sector and the axis normal to the surface (see equation 4
below).

Relative optical length, m(0), is determined by the solar zenith
angle and elevation above sea level. For zenith angles less than
80°, it can be calculated using the following equation:

m(0) = EXP(-0.000118 * Elev - 1.638*10° * Elev®) / cos(0) (3)

e Wwhere:
= @ — The solar zenith angle.
= Elev— The elevation above sea level in meters.

The effect of surface orientation is taken into account by
multiplying by the cosine of the angle of incidence. Angle of
incidence (AngInSkyg,) between the intercepting surface and a
given sky sector with a centroid at zenith angle and azimuth angle
is calculated using the following equation:
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Anglng, = acos( Cos(0) * Cos(G,) + Sin(0) * Sin(G;) * Cos(a-G,) )
(4)

e Where:
= G, — The surface zenith angle.

Note that for zenith angles greater than 80°, refraction is
important.

= G, — The surface azimuth angle.

Diffuse radiation calculation

For each sky sector, the diffuse radiation at its centroid (Dif) is
calculated, integrated over the time interval, and corrected by
the gap fraction and angle of incidence using the following
equation:

Dife,, = Rgib * Pait * Dur * SkyGapg,, * Weighte,, * coS(Anglng,)
(%)

e Wwhere:
=  Rgp— The global normal radiation (see equation 6 below).

= Pgit — The proportion of global normal radiation flux that is
diffused. Typically it is approximately 0.2 for very clear sky
conditions and 0.7 for very cloudy sky conditions.

= Dur — The time interval for analysis.

= SkyGaps,, — The gap fraction (proportion of visible sky) for
the sky sector.

= Weighty, — The proportion of diffuse radiation originating
in a given sky sector relative to all sectors (see equations 7 and 8
below).
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= Anglng, — The angle of incidence between the centroid of
the sky sector and the intercepting surface.

The global normal radiation (Rgw) can be calculated by
summing the direct radiation from every sector (including
obstructed sectors) without correction for angle of incidence,
then correcting for proportion of direct radiation, which equals
1-Pgif:

Rgib = (Sconst Z(B™™)) / (1 - Pair)  (6)

For the uniform sky diffuse model, Weighty, is calculated as
follows:

Weightg, = (cos02- c0s01) / Divai  (7)

e Where:
. 0, and 0, — The bounding zenith angles of the sky
sector.

= Diva;i — The number of azimuthal divisions in the sky map.

For the standard overcast sky model, Weight,, is calculated as
follows:

Weighty o = (2c0s0; + c0s20; - 2c0s0; - c0s20;) / 4 * Diva,i  (8)

Total diffuse solar radiation for the location (Dify) is calculated
as the sum of the diffuse solar radiation (Dif) from all the sky
map sectors:
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