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Abstract - Solar energy is a renewable energy source that can
solve (supply) the energy demand (power and heat) in a lot of
places on earth.

To design solar installation it is useful to know the radiant
energy density.

The paper presents a methodology to evaluate the radiant
energy density (annually) for an inclination surface.

Also, the paper includes a computer application developed on
Visual Basic 6.0 that allow to calculate the direct, diffuse and
reflected density energy that is on an incline surface.
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1. INTRODUCTION

The energy is a mondial economy problem. The exhaustion
reserve for oil, natural gases, coal, nuclear combustible and
the irrational exploitation woods generates.

A challenge for the XXI century is the opportunity for each
man to use the clean energy for a reasonable cost [1].

In many places on Earth, the Sun has capacity to solve the
energy problems that are growing up along with a better life
standard, but simultaneously with the exhaustion of the
conventional sources [2].

In order to capitalization the radiant solar energy, it must be
known the quantity that a surface can receive during a day, a
month or for different geographical zone.

A disadvantage for the solar energy is that the Sun executes
a nocturnal movement, and from there the captors need to be
watched all the time.

On the other hand, this movement is not the same every day,
because the Earth revolution around the Sun. Even the use
of a plane captor that is usually fixed, it is useful to know
the movement to evaluate the captor optimal inclination
through the horizontal position.

Because the nocturnal Sun movement, the solar sunray are
captained by Earth for different angles, changing from area
to area, hour to hour, from season to season.

Among the meteorological factors, a particular influence on
solar ground radiation it’s being exerted by: the atmosphere
transparency, turbidity, the sort of clouds, their thickness
and position. Thus, the radiant energy can be:

- direct radiation B; this represents the radiation received
from the Sun without being spread by the atmosphere.

- diffuse radiation D; emerging when the solar beam passing
through the atmosphere is being spread, in other words, it’s
being diffuse in all directions.

- albedo or reflected radiation R; it is the radiation reflected
by the earth surface, which drops on the solar collector.

- total solar radiation or global radiation G; it represents the
sum of previous three components, that fell on a certain
surface.

2. INCIDENT DENSITY RADIATION
CALCULATION FOR AN ORIENTATED PLANE

The optimum solution could be the pursuance of the Sun in
it’s apparently movement on the celestial arch, so that the
beam falls perpendicularly on the interest surface [1].
Solar systems with flat surfaces are built without pursuance.
They are oriented to the south and installed under an optimal
angle from the horizon for the specific location and the
exploitation period along the year.
The optimum bent angle is approximated precisely sufficient
with the relation:

eincl =0- 5 (1)
Oic1 - the solar panel bent angle, [°];
¢ - the geographical latitude of the location, [°];
0 - the Sun declination calculated with relation 3, [°];

Generally, the tables and graphics regarding solar radiation
present values for incident radiant energy through a
horizontal surface.

To design a solar system, we must know the radiant energy
density for a horizontal surface, the incident radiant energy
density through a horizontal surface.

The radiant density energy B, received, during one day, by a
unit horizontal area outside the Earth’s atmosphere is
calculated with relation:

B, = 22 B, | 140.33-cos 2501 |.
T 365

(cos@-cos &-sin w. +. -sin @-sin 8)[Wh/m? -zi
(cos @  +0, -sing-sind)| ]

@

where:

E,=1367 W/m’— is solar constant;

n — number of the days in the year (for example n=1 for 1
January);

- hour angle for the sunrise, [°];
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Solar declination for a usually day “n
using an Cooper approximate formula:

it can be calculated

5 =2345. sin[360° 284+ n) [] 3)
365
The sunrise solar hour angle is:
o, =cos”’ (— tan ¢ - tan 8) [ ] @)
The sunset hour angle is:
®, =—cos”' (- tan - tan §) [] %)

The clearness index kr is calculated for each month of the
year using the relation:

G
ke =— 6
Ty, (6)
G- global radiant density energy on a horizontal plane,

[Wh/m*day].
The clearness index kr describes the (average) attenuation
of solar radiation by atmosphere at a given site during a
given month.
Diffuse energy density D for a horizontal plane is
approximated using the equation:

%:1—1,13-1(T :D:G~(1—1,13~kT)[Wh/m2~zi] (7)

The beam energy density B, through a horizontal plane is:
B=G-D |Wh/m? zil ®)

The beam energy density B(0,) on a south-facing panel

inclined at an angle 0;,.;, to the horizontal surface is:

) cos(q) — 0y, )+ COSS - sin @y + g - sin(p — O, ) sind

B(6;,.1)=B
( md) cos@-cosd-sin®, + - sin@-sind
@ -sin(@—0;,, )-sind
+ 0 '((P inct) ! ' [Wh/mz'z]
COS@- 08 d-sin Mg + m -sin ¢-sin &
)

where:
(10)

s - is the sunrise angle above the horizon, given by the

relation (4)

o, =cos”' [— tan((p—eiml)~tan 8] H (11)
o’ - is the sunrise angle above a plane inclined at angle 0y,
to the orizontal.
Assuming that the diffuse radiation is distributed
isotropically over the sky dome, the diffuse density radiation
on the inclined surface is given by:

0, = mm{o)s,o)s}

(12)

The reflected energy density is generally small, and a
simple isotropic model is usually sufficient, thus can be
determine with the relation:

R(eiml):%-(1_Coseincl)'p'G [\Nh/n’l2 Zl]

1

D(Gim]):%- (l+cos OAncl)~D [Wh/m2 -zi]

(13)

p - reflectivity od the surrounding area.

Ground cover Reflectivity, p
dry bare ground 0,2
dry grassland 0,3
desert sand 0,4
Snow 0,5+0,8

Table 1. Typical reflectivity values for some ground covers

In this case we can evaluate the global radiant density
G(Oie) on an incline surface as sum of direct radiation,
reflected and diffuse:

G(eincl) = B(einc1)+ D(einc1)+ R(eincl) [Wh/mz : ZIJ (14)

3. APPLICATION C.D.E.R. PROGRAM

For Craiova, the geographical coordinate, are: the latitude:
¢ =44,23°, longitude A = 23,87°.

The average declination calculation for each month is
established for each day for which the declination is more
closely to the monthly mean declination:

For example, for the 1 January (n=1) the declination is:

§=2345- sin(360° 284+ nj = 2345 ~sin(360° 284+ lj
365
=-23,01°
Day in January Declination Day in JanuaryDeclination
3[°] 3[°]
1 -23,0116 16 -21,0963
2 -22,9305 17 -20,917
3 -22,8427 18 -20,7314
4 -22,748 19 -20,5397
5 -22,6466 20 -20,3419
6 -22,5385 21 -20,138
7 -22,4237 22 -19,9282
8 -22,3023 23 -19,7125
9 -22,1742 24 -19,491
10 -22,0396 25 -19,2636
11 -21,8985 26 -19,0306
12 -21,7509 27 -18,7919
13 -21,5968 28 -18,5477
14 -21,4363 29 -18,2979
15 21,2695 30 18,0428
31 -17,7823
Monthly mean declination -20,8472

Table 2. The declination calculation for January

The declination value calculated for the 17" January day is
the most closely to the monthly mean declination. Similarly
it can be determined the rest of the annual values:
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Month Da Monthly mean The mon§hly
Y declination, & [°] mean radiant Jan. | Feb. | Mar. | Apr. | May | Jun
January 17 (n=17) -20,9 g:ﬁ;gt};
F ;l[’maﬁy ig gn:‘;g '12320 o 144 | 225 | 342 | 458 | 558 | 6.19
arc n= -
- 2 2, - Jul. | Aug. Sep. Oct. | Nov. | Dec.
April 15 (n=105) 94 eWh/m™zi) 1550 T 406 | 2.60 | 1.2 | 1.22
May 15 (n=135) 18,8 RetScreen Data Base [4]
June 11 (n=162) 23,1
July 17 (n=198) 21,2 Table 4. Radiant energy density for an horizontal plane
August 16 (n=228) 13,5
September 15 (n=258) 2,2 Through the presented methodolo.gy”it was .d.eveloped a
October 15 (n=288) 9.6 C.D.E.R program (Calculul Dens1té§.11 Ene.:rglel. Radlnte.-
November 14 (n=318) 18,9 Evaluat}ng the Radiant Energy Density) with V}sual Basic
December 10 (n=344) 230 6.0. This program allows us to calculate the radiant energy

Table 3. Monthly mean declination values for the year

The global radiant energy density on an inclined surface for
January is calculated knowing the radiant energy density for
a horizontal surface (table 4).

density for a inclined surface with a corresponding angle,
also the possibility to generate a ratio using the Microsoft
Excel. We will calculate the generated energy density for a
inclined surface for all the monthly years’ (table 5).

w| Calculul densitatii enerngiei radiante incidente pe un plan orientat arbitrar

| CALCULUL DENSITATII ENERGIEI RADIANTE

INCIDENTE PE UN PLAN ORIENTAT ARBITRAR

- |Ianualie
Localitatea: |I:[ai0va

Latitudinea g = 4423 L]

Murnarul zilei din an n= 17 ' L
2

2 IS

Constanta solara E |, = 1367 Wim?

Denzitatea de energie radianta pe un plan onzontal

G= 1.44 EWhim -=

Declinatia Soarelui
284+n
305

6=21345- sil{3lfi[f

)i

Densit. de eng. rad. pe un plat orizontal aflat in afara Termei

Calcul

Coeficientul de ransparenta

‘ Calcul

Calculul declinatiei |
8= |-20916962567 -

Denzit. de eng. difuza pe plan arizontal
D=G-(1-1,13 k)

Calcul

D= |091544929 kWh/m® =

By =

Denzit. de eng. difuza pe plan inclinat

Calcul

D)= (0751944379 wwhim @ || R(B,)=

4,467

Denzit. de eng. directa pe plan orizontal

B=0G-

Calcul

B = |0.52455070

Denzit. de eng. reflectata pe plan inclingt

Calcul

s 03223640026

Lk -
T E,

KWh/m -z

Denzit. de eng. directa pe plan inclinat

Calcul

B(f)=

D

e 1461078569 LWh/m =

Denzit de eng. globala pe plan inclinat

Calcul Gle,.)

0.077 EAWhfm = 2290022948 Whim oo

| >»» Genereaza Raport <<<

| % it

Figure 1. Program C.D.E.R.
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B The global radiant energy density for a inclined surface
Month 0, . Ky [KWh/m?zi]
[kWh/m?zi] 0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
Jan. 4,46 0,322 1,440 1,682 1,895 2,070 2,204 | 2,290 | 2,327 2,314 | 2,251 2,140
Feb. 6,029 0,373 2,250 | 2,523 2,750 | 2,924 3,039 3,092 3,080 | 3,005 2,869 | 2,676
Mar. 7,638 0,447 3,420 3,721 3,951 4,102 | 4,169 | 4,151 4,049 3,864 | 3,603 3,274
Apr. 8,627 0,530 | 4,580 | 4,790 | 4,910 | 4,932 4,856 | 4,683 4,420 | 4,073 3,656 | 3,180
May 8,643 0,645 5,580 5,655 5,631 5,501 5267 | 4934 | 4,512 | 4,016 3,464 | 2,880
June 8,265 0,748 6,190 6,164 6,037 5,802 5,458 5,016 | 4,487 3,801 3,252 | 2,606
Julie 7,198 0,824 6,530 6,568 6,488 6,278 5940 | 5,482 | 4918 | 4,267 3,556 | 2,821
Aug. 7,767 0,719 5,590 5,287 5,942 5,929 5,786 | 5,517 5,129 | 4,637 | 4,055 3,407
Sep. 7,225 0,561 4,060 | 4,403 4,654 | 4,805 4,851 4,791 4,627 | 4,363 4,007 3,571
Oct. 6,017 0,447 | 2,690 3,039 3,329 3,550 3,696 | 3,762 3,747 3,649 3,473 3,225
Nov. 4,626 0,371 1,720 | 2,021 2,284 | 2,500 2,663 2,768 2,813 2,795 2,714 | 2,575
Dec. 3,933 0,310 1,220 1,444 1,641 1,807 1,934 | 2,021 2,064 | 2,061 2,014 1,924
Mean annual 3,773 3,941 4,126 | 4,183 4,155 | 4,042 3,848 | 3,578 | 3,243 2,857
Table 5. Generated radiation density for a bender surface
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Figure 2. The mean radiant energy density for different period of the years on a
inclined surface for Craiova.
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Figure 3. Daily radiation for Craiova over the year for selected angles of panel inclination

With the help using the value from the table 5 we can Also the graphic represent the year daily radiation for
represent the average radiant energy density graphic for the
warmest month of the year (July) for the coldest month of panel.
the year and the average for Craiova.

Craiova corresponding to the bended angle of the solar
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