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Abstract— The solar energy gives life to humans and all living
beings on earth. Solar energy is used to produce thermal as well as
electrical power. Solar energy and other renewable sources, allow
us to meet the demand for energy while providing a cleaner and
greener footprint. In this work, we have developed a software
using the programming language MATLAB GUIs (also known as
graphical user interfaces or Uls) for the estimation of solar
radiation for the different types of the sky in Algeria. The software
contains a database (latitude, longitude, and altitude) of all the
regions of Algeria. The program gives the opportunity to compare
the values estimated by the theoretical models (Perrin de
Brichambaut, Lui & Jordon, Hay & Davies, Klucher and Reindl) and
the values measured by the meteorological station in the region of
M’sila. A good agreement was found between the measured and
recorded values.

Keywords- Solar Radiation, Solar Radiation Models, Matlab
GUIs.

I. INTRODUCTION

The sun is the source of solar energy, which is the
largest member of the solar system compared to
other members around it. About 74% of the sun’s
mass is hydrogen, 25% is helium, and 1% is the
residue tracing heavier elements. Solar radiation is
radiation emitted by the Sun, whereas solar energy
is the energy emitted by the Sun in the form of
electromagnetic waves [1].

The quantities and types of aerosols in the
atmosphere, water vapour, ozone, and other
components affect the total quantity and the spectral
distribution of the solar radiation incident on a solar
collector surface. The wavelength range of solar
radiation available in the terrestrial region for the
use of solar energy applications is from 0.29 to 2.3
um. Due to dispersing in the atmosphere, solar
radiation has two components (beam and diffuse
radiations) in the terrestrial region [2].
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The solar radiation data are used in the
development, as well as in the evaluation of the
performance of solar systems. It is possible to
predict the instantaneous changes of diffuse, direct
and global irradiation for different inclinations,
even if the sky possesses cloudy perturbation.

For this, we developed an interface written and
designed in Matlab GUIs which calculated the
position parameters and the solar radiation on any
surface using different models and for different sky
types. We also present some simplified models for
the evaluation of solar energy received on a
horizontal and inclined planes.

Il. THEORETICAL

A. Solar Radiation Energy

e Solar time is the calculation of time passing
refers to the position of the sun in the sky, solar
time is of two types, namely, apparent solar time
and mean solar time (clock time or standard
time).The difference in minutes between solar
time and standard time is: [3]

Solar time — standard time = 4(Lgm — Lipe) +¢& (1)

v Ly I the standard meridian.
v Ly s the longitude of the location
v ¢ is the equation of time (in minutes),

Which is given by the expression:

& =229.2(0.000075 + 0.001868 cos B — 0.032077 sin B —
0.014615 cos 2B — 0.04089 sin 2B) (2

Where:

e The hour angle corresponding to 1 h is 15°;
Expression for the hour angle is given by:

B=(N —1) = 360/365 3)
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®= (ST —12) * 15° 4)
e The declination is calculated by the following
relation:
& = 23.45 sin[(360/365) (284 + N)] 5)

e The angle of incidence (6;) can be expressed
as:

cos(6;) = (cos ¢ cos  + sin ¢ sin ff cos y) cos § cos w +
cosd sinwsinBsiny + sind (sing cos f —

cos ¢ sin f cos y) (6)

v B surface tilt angle from horizon,°
v h the height of the sun
vy surface azimuth angle, °

For a horizontal plane facing due south:
sin(h) = cos(6,) = cos ¢ cos § cos w +sin § sin @ (7)

My
Sun .
% hé Zenith

South North

Fig. 1 View of various Sun—Earth angles on an inclined surface. [4]

e The solar intensity on a plane perpendicular to
the direction of solar radiation is given by:

Loyt = Isc [1 4+ 0.033 cos(360N/365)] (8)

e The solar radiation (I,) incident on a horizontal
plane in the extra-terrestrial the atmosphere in
W/m?:

Iy = Isc [1 + 0.033 cos(360N/365)] cos 6, 9)

Where ( Is. ) is the solar constant, the value of solar
constant is 1367 W/m?, for the N the day of the year.

B. Solar radiation models

1) The isotropic sky model is a simple model when
the diffuse radiation is uniformly distributed over the sky
dome and this reflection spreads over the ground. [5] :
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I =lair Ry *+ lais (@) * (Lair + i )P (l_czDSﬁ);

Correction factor for beam radiation R, = %Zi (10)
2) Klucher found that the isotopic model gave good

results for overcast skies but reduces irradiance under
clear and partly overcast conditions, the total irradiation
on a tilted plane shown in Eq. (11). [6]:

1+cosp
2

I = lgir Rp + lgif ( ) [1 +k sin3§ [1+ kcos?Osin38,] +

1-cosB\., _ 1 _ Lair 2
G+ ) (5520 k= 1= [y (11)
3) In the Hay—Davies model, diffuse radiation from

the sky is composed of an isotropic and circumsolar
component and horizon brightening is not taken into
account. [7]:

IG =(Idir + Idif T) Rb + Idif (1 — ‘[) (
1-cosB\ . _ _ (Ion

p(575)=(2)

4) The Reindl model also accounts for horizon

brightening and employs the same definition of the

anisotropy index t as described in Eq.(12), The total

irradiance on a tilted surface can then be calculated
using Eq. (13):

1+czosﬁ) + (Idir + Idif) "

(12)

1+cos [3)
2

I =(Igir + laip T) Ry + Iy (1= 1) ( 1+

(13)

laif ;38 ) ) 1-cos B

((Iaierif)) st 2] * (Idlr + Idlf)p( 2 )

14 Direct-normal component of solar

irradiance on the horizontal surface, W/m?

v lgir Global diffuse horizontal solar
irradiance, W/m?

v 1,, Direct-normal solar irradiance, W/m?
v I, Direct extraterrestrial normal
irradiance, W/m?
5) The Perrin de Brichambaut model have

proposed another correlation to predict direct normal
irradiance in the terrestrial region, which is given by: [8]:

9.4 -1
(—TL*(O.9+W cos 92) )

Ion = lgxt COS gi e (14)

e T, isthe Linke turbidity factor, which is
given by the expression: T, =¥ + X +Y (15)

o ¥ is the turbidity corresponding to the
absorption by the gases of the atmosphere
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¥ = (0.89)7 (16)
e X isthe turbidity relative to diffusion by
aerosols
X=(0.9 + 0.4 A) * (0.63)* a7
e Y isthe turbidity due to gas absorption, by
water vapor, which is given by the expression:
Y = 2.4—09sin(¢) +0.1(2 + sin(p))A — 0.2Z —
(1.22 4+ 0.14 A)(1 — cos8,) (18)
e A is the factor as a function of the geo-

astronomical
A = sin((360/365)(N — 121)) (19)

The model estimates the 02 components of the
global solar radiation on a horizontal plane as

follows:

Ly = A x sin(h) % e(—l*(B*sin(h+C))_1) (20)

Iaip = D = (sin(h))°* (21)
Sky condition A B C D
Normal Conditions Of Clear Sky 1230 38 1 125
Clear Sky polluted 1260 2.3 3 166.6
Clear Sky 1210 6 1 93.75
Very Clear Sky 1300 6 2 87
Average Sky 1230 4 2 125
Polluted Sky 1200 5 2 187

Tableau 1. The values of the constants A, B, C and D in terms of the nature
of the Sky. [9]

I11. SOFTWARE OVERVIEW

Fig. 2 Graphical interface giving: the position of the earth in relation to the
sun, the declination of the sun, the number of the day and the month and
the equation of the appropriate time.

The computational software developed has
flexibles graphical interfaces (two graphical
interfaces) as illustrated in FIGURE 2 and
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FIGURE 3. It has graphical interfaces and digital
data. The first graphical interface is divided into six
panels; A, B, C, D, Eand F.

— paramétres de temps

Le jour

o~ )+ 3(mm 1)
Le mois
v

L'Aneé U=

Le temps (h:min)

— = . v v
n- jour Annee n=n n = n int (04 mm - 2.8)

Panel A: this panel contains time parameters as the day, the
month, the year, the time as illustrated in FIGURE2.

— paramétres de position

Latitude (%)
Longitude (*)
Altitude (m)
Albedo

Wilaya.... ~

Panel B: this panel covers positional parameters such as
latitude, longitude, elevation, albedo and location
(Wilayas) as shown in FIGURE2.

— Les coordonnées horaires

La déclinaison
L'angle horaire
La hauteur w

L'azimuth

cliguez ici pour calculer |

Panel C: this panel contains the time coordinates such as
declination, height, time angle, azimuth as noted in
FIGURE2;

Radiation | ext

Panel D: this panel calculate direct extraterrestrial normal
radiation I,,.as illustrated in FIGUREZ2;

’fRadiation extraterrestre (MJ/m"2)

— Choisissez la courbe

O La hauteur solaire et L.‘angle horaire en fonction (n® jour Année)
O L'angle horaire en fonction La hauteur solaire
(® La déclinaison et Radiation extraterrestre en fonctien (n® jour Année

— Choisissez la courbe

O La hauteur solaire en fonction (n® jour Année)
O lequation de temps en fonction (n® jour Année)
(O La déclinaison en fonction (n® jour Année)

Panel E: this panel is used to select curves (ex: Analma, the
time equation, the declination...etc.) as illustrated in
FIGUREZ2;
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Panel F: Custom area for displaying curves as illustrated in
FIGURE2.

The second graphical interface is divided into
five panels; G, H, I, J and K as noted:

’(L:pm Lenos [ | Last Lelenps (i) wpsoods | [ o) [ onghers [ |anteior [ | aveso| | 1Y
win'
K 4 3| g dmcnason upn () \‘
| ] | |G | /I
— Wodek de Lu B jorden ———————————————— Wodse Hay Bdaves—————————————————
vrmdamance | [ Urataen drace "
et g 6 ! L o atag | W
== ==’
Conm ] il |
prera ] B LT | v
~ Wodee Kiucrer 7 - ~MoteRendh——————————————————————
Unssonarce | | N7 gt arace
Liradaton e [/ Limadaton e | g ¥
=1 N 1 el
Uradsmgeto | [ ursguongove | [
. [ X e ] 7
ommezncue | | ! seeconner s | [ coasezncome

o et youes

Fig. 3 Interface allowing the daily global, diffuse irradiations and direct
timetables, | irradiation measured on any surface and the type of sky and
use of several model.

7 Earambings de [ lamps-posticn |

Le jour Le mois L'Anned Le temps (homin 5 n* our Annbe

Latkude (") Longiude (*) ARtude (m) Abedy Wiy bt

Panel H: this panels contains time-position parameters such
as the day, the month, the year, day number, the time ,
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latitude, longitude, elevation and albedo for the chosen
location as noted in FIGURE3,;

— Modele de Liu & Jordan
L'irradiation directe I 107;657\ ‘
Lirradiation diffuse | : 118.657 ‘ ‘ G

L'irradiation réﬂéchiel \ Rk 559711 y
Liradiation giobal | [ 121021 |

type de ciel :

— Modele Klucher — cig|trés clair —
L'irradiation dire |l dal
ciel pollué
ciel trés pur
Lirradiation réflé{ ciel moyennement troublé
ciel trouble

L'irradiation diffuy

L'irradiation glob

type de ciel : ‘ |

Panel G: this panel covers solar radiations (direct,
diffuse, reflected and global) for each models of the
five cited models (Perrin de Brichambaut model, Lui
& Jordan model, Klucher model, Hay—Davies model
and Reindl model) as shown in FIGURES3.

Panel J: this panel contains the sky type as noted in
FIGURES;

Nrradiation global sur plan horizeatal en fanction de temps (perrin de Brichambesct- Cel fotalement clarr-)
Trradistion global sur plan ncind en fonction de temps (perrn de beichambeaut. Ceel totalement clar. )

Mrradation global sur une surface quelconaue en fonction de temps (perrn de brichambesut. Cel totslement clar.)
frradiation globel sur plan ncled en fonction de temps (Lu & Jordan-Ciel trés clar)

frradution giobal sur plan NCind en fonction de temps (L & Jordan-cal moyen-)

leradiaton global suf plan nclind en facton de terps (L & Joedan-ciel polud-) [
Trtadiation global sur plan ncied en faction de lemps (Lu & Joedan-ciel trés pur-)

Teradiation global sur plan ncled en feaction de temps (L & Jordan-ciel moyennesent troutié.)
lrradiation global sur plan ncind en fonction de temps (Lu § Jordan-cial routle-)

Teradiation global sur plan inclind en fanction de lemps (Klucher -Ciel rés clarr-)

Mrradiation global sur plan nclind en fenction de temps (Kiucher -ciel moyen-)

Mrradiation global sur plan inCliné en fonction de temps (Kiucher -ciel polué-)

Nrradiaton global sur plan ncled en fonction de temps (Kiucher -Ciel trés pur-)

Nrradistion global sur plan ncliné en fenction de temps (Kiucher -Ciel moyennement troubié-)
frradiation global sur plan inciné en feaction de temps (Kiucher -clel trouble-) ]

T TE =

LS

TS

1= 8

Nrradiation global sur plan incliné en fonction de Semps (May & davies el trés clar-)
| Meradiation global sur plan inciné en fenction de temps (May & davies -Cied moyes-)
| frradation globsl sur plan inciré en fanction de temps (Hay & davies ciel polué)
|_feradistion global sur plan nciné en fonction de temps (Hay & davies ciel irés pur.) v,
sélectionner la courbe v Choas

Panel I: this panel is used for selecting curves of solar
irradiation as illustrated in FIGURES;

Teradiation solare sur une surface (wint ) G0 perrn de e,

O trradiaticn solsire sur plan horizontal @ feragaton sclsire sur plan inciné 3

Tayonnement drect I 135635 |  rayonnement &ffus (cal) I 0660758 rayoasemengiobal 1510.82

Modtie ce perrn de brerameeaut

w g J

*|  Angle gcinason duplan (') 30

S1us (rotrodifiuse) (] raycenement global 1510.82

Panel K: this panel contains the plan type; horizontal or
inclined with the inclination angle value as illustrated
in FIGURES;
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Panel L: Custom area for displaying curves as illustrated
in FIGURES.

IV.RESULTS AND DISCUSSION

dt View it Too findow Hep
| 5% 208 =0
liraiaton labal sur p incine (b1a=31") t p hodzenta en fonction d temps

Ll

Fig. 4 Graphical interface giving: the solar radiation for the model of “Lui
& Jordan” and the type of sky and horizontal surface.

In order to validate our calculation software, a

comparison is made between the global solar

radiations on a horizontal surface calculated

according to Lui and Jordan model and the values

noted by M'sila meteorological station for a few

days. Four illustrative examples are shown in

FIGURE 5 (the days 17/01/2016, 15/05/2016,

09/06/2016) and 11/12/2016).

It is found that all the curves of global solar
radiation measured and calculated by the model of
Lui and Jordan for the region of M'sila follows the
same shape of bell shape. They reach their
maximum values between 11:30 and 12:30. As an
example for 17/01/2016, the maximum value is
recorded at 12: 30 with 573 W/m? for the measured
value and 575,09 W/m? for the calculated value. It
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is also noted that this value varies from one month
to the other, which is illustrated in FIGURE 5. The
highest values are reached during the summer and
lowest values during the winter.

Itis also found that Lui and Jordan model is in good
agreement with the measured values as illustrated
in FIG. 5. It has a coefficient of determination of
0.967 for the 17/01/2016, 0.965 for the 15/05/2016,
0.974 for the 09/06/2016 and 0.942 for the
11/12/2016.

It is noted that the solar radiation values calculated
by the Lui and Jordan model are higher than those
measured at the meteorological station of M'sila.
This difference is usually visible at the end of the
day and in the afternoon on 9/06/2016 and
11/12/2016. It is due to the sky state, which is not
taken into account in the model of Lui and Jordan,
which is taken in the clear sky. This confirms that
the Lui and Jordan model is a very good model for
estimating global solar radiation on a horizontal
surface in the M'sila region.

Therefore, it can be said that our software gives
good results in the estimation of global solar
radiation on a horizontal surface in M’sila region.
We propose to check it for other models (Klucher
model, Hay-Davies model, Reindl model and
Brichambaut model), to take account the sky
condition and to apply it for other regions, which is
the subject of another work to confirm its
validation.
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Fig. 5 Compare the values estimated by the theoretical models (program)
and the values measured by the metrological station in the region of m’sila

In this work, a solar calculation software was
developed using MATLAB. This software can
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(the typical days).

V. CONCLUSIONS

calculate the solar radiation components (diffuse,
direct, and comprehensive reflichi) using five
models; Lui and Jordan model, Klucher model,
Hay-Davies model, Reindl model and Brichambaut
model. The validation of our software was carried
out by comparing global solar radiation according
to Lui and Jordon model and the global solar
radiation recorded by the meteorological station of
M'sila region. The results show a good agreement
between them which confirms the validation of our
calculation software.
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