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Abstract – The tendency to exploit solar energy in the electricity production in 

Algeria is a priority and a major goal of the Algerian government, and for this reason it 

seeks to provide all the necessary capabilities to achieve this lofty goal. Photovoltaic 

electricity is one of the effective technologies for the solar electricity production, but 

before installing any photovoltaic panel, it is important to determine its optimal tilt 

angle, and based on this, this study allowed to show the optimal tilt angle of the 

photovoltaic panels in the Algerian region of El Oued in the spring season, and 

accordingly, two days (March 21
st
, 2023, and April 21

st
, 2023) were chosen to conduct 

this experimental study. Based on the obtained results, the optimal PV tilt angle for the 

month of March is 33° and 28° for the month of April. In addition, the greater the 

amount of solar radiation, the higher the efficiency and productivity of the PV panels, 

as the highest values for them (6.31 % and 62.17 W, respectively) were recorded on 

April 21st, 2023. The results of this study will contribute to the correct installation of 

photovoltaic panels in the Algerian region of El-Oued, especially if the photovoltaic 

panels are equipped with dual-axis solar tracking systems. 

 

Keywords: Solar electricity production, Photovoltaic panels, Optimal tilt angle, Productivity; 

Performance. 
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I. Introduction 

 

C rr  tly, th  w rl 's   i  s  rc   f    rgy is f ssil 

f  ls (g s,  il,     c  l), which is   li it   s  rc  i  

  t r      s bj ct t    pl ti  ,    -r   w bl ,       its 

p ll ti g g s s t  th    vir     t. Th t is why th  

s  rch f r  lt r  tiv , cl   , s st i  bl ,     r   w bl  

s  rc s is   pri rity f r  ll c   tri s  f th  w rl  [1], 

 sp ci lly Alg ri . 

Th  Alg ri   g v r    t   c  r g s th  sp   y 

 st blish   t  f i fr str ct r  f r th   xpl it ti    f 

r   w bl     rgy s  rc s,  sp ci lly s l r    rgy. I  

 r  r t   chi v  this l fty g  l, which is th   xpl it ti   

 f s l r    rgy i     y t ch  l gic l fi l s,    y  

 

 

 

sci  tific r s  rch s p blish   i  i   x   sci  tific 

j  r  ls sh w   th t Alg ri  r c iv s   ily   h g  

     t  f s l r r  i ti  ,  s th  i s l ti     r ti   i  

Alg ri  is b tw    2000     3900 h  rs/y  r     th  

 v r g   v il bl     rgy is b tw    1700     2650 

kWh/ ², i. . 5 kWh/ ² p r   y i    st p rts  f th  

  ti   l t rrit ry [2, 3]. I  th  lit r t r ,    y st  i s 

h v  b    c    ct       pplic ti  s th t  ll w th  

r   w bl     rgy  xpl it ti   i  Alg ri ,  s t  ch      

s l r  istill ti   i   r  r t  pr vi   p t bl  w t r [4, 5]. 

It w s  ls  f     th t S i   t  l. h v  c    ct   s v r l 

 xp ri   ts    th  p ssibility  f  si g li   r Fr s  l 

r fl ct rs  s s l r w t r h  t rs i  th  Alg ri   r gi    f 

 li   [6, 7],     th y h v  r  ch   th  p ssibility  f 

i pr vi g th  p rf r   c   f th s  li   r s l r 
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c  c  tr t rs by  isp rsi g     p rticl s i  p r  w t r 

[8, 9]. I     iti  , Gh  b     t  l. h v  c    ct   

 xp ri   t l,     ric l,     CFD     li g  f s l r 

w t r h  t rs  si g li   r Fr s  l r fl ct rs [10, 11]. 

M r  v r,   s  rch st  i       ric lly th  p ssibility  f 

 si g p r b lic tr  gh c ll ct rs i  c  t rs     i   stri l 

f ciliti s t  h  t i   stri l     - ils (MX    b s   

silic     il     fl i s) [12], k  wi g th t 

    t ch  l gy is c rr  tly  xp ri  ci g c  ti    s     

   zi g   v l p   t,     it is i t      f r  s  i     y 

i   stri l fi l s [13, 14]. A  th r s  rch h v  st  i   

    ric lly th  p ssibility  f  si g li   r Fr s  l 

r fl ct rs i  c  t rs     i   stri l f ciliti s t  h  t 

i   stri l     - ils (MX    b s   silic     il 

    fl i s) [15]. Als ,   r s  rch gr  p h s pr v   th  

p ssibility  f  si g li   r s l r c  c  tr t rs t   riv   ir 

c   iti   rs by r   vi g th  c  pr ss r     r pl ci g it 

with     j ct r       p  p [16-18]. H r , p r b lic 

tr  gh c ll ct rs  r li   r Fr s  l r fl ct rs c   b   s  , 

 s p r b lic tr  gh c ll ct rs  r    r   ptic l     

th r  l  ffici  t [19-22], b t li   r Fr s  l r fl ct rs  r  

l ss  xp  siv  [23]. M r  v r, Li   r Fr s  l r fl ct rs 

c   b   s   t  pr   c  s l r th r  l  l ctricity [24, 25], 

 s s l r  l ctric st ti  s c   b   st blish   i  Alg ri  th t 

 p r t  with th s  li   r s l r c  c  tr t rs     th ir 

l v liz   c st  f    rgy is v ry  cc pt bl  c  p r   t  

f ssil  l ctricity [26]. S v r l st  i s h v  c    ct     

    ric l st  y    s l r w t r  isi f cti    si g s  ll 

li   r Fr s  l r fl ct rs [27]. R c  t w rk h v  cr  t     

g   r l  lg rith   i i g t  fi   th   pti  l l y  t  f 

ph t v lt ic p   ls    irr g l rly sh p   s rf c s [28]. 

I     iti  , it h s b    f     th t F r á   z-R bi r   t 

 l. h v  st  i     s w-t  th tr  gh V-c vity f r l w-

c  c  tr ti   ph t v lt ic syst  s b s      s  ll li   r 

Fr s  l r fl ct rs [29]. As   t  , th r  is   l t  f r s  rch 

i  th  lit r t r    c  r gi g   tr    t w r s th  

 xpl it ti    f s l r    rgy i     y fi l s     i p rt  t 

t ch  l gic l  pplic ti  s i  Alg ri . 

Th    i   bj ctiv   f this st  y is t    t r i   th  

 pti  l tilt   gl   f th  ph t v lt ic p   ls i  Alg ri   

r gi    f El-O    i  th  spri g,     th r f r , pr ctic l 

 xp ri   ts w r  c    ct      tw  ph t v lt ic p   ls 

(PV) th t h v  th  s    t ch ic l ch r ct ristics. Th  

 xp ri   t l st  y w s c    ct    cc r i g t  th  

p r   t rs sh w  i  T bl  1. Wh     t r i i g th  

 pti  l PV tilt   gl ,  ll   gi   rs     t ch ici  s will 

b   bl  t  c rr ctly i st ll th  PV syst  s (st   - l    

PV syst  s,     gri -c    ct   PV syst  s) i  El-O    

r gi  ,     this will    bl  th s  PVs t  giv  th  gr  t st 

pr   ctivity     b    r   ff ctiv . 

II. Materials and Methods 

Th   xp ri   t l w rk w s c rri     t    tw  

ph t v lt ic p   ls with si il r t ch ic l ch r ct ristics. 

Th  Alg ri   r gi    f El-O    (33.57°, 6.77,     50) 

w s s l ct   f r th  st  y. Th   xp ri   t l st ps w r  

 s f ll ws: 

Acq isiti    f tw  ph t v lt ic p   ls (RAGGIE typ , 

RG-M165W     l) is with   c p city  f 165 w tts. Th  

t ch ic l ch r ct ristics  f th  tw  ph t v lt ic p   ls 

    r st  y  r  sh w  i  Fig r  1. 

 

 
 

Figure 1. St  i   ph t v lt ic p   ls     th ir t ch ic l 

ch r ct ristics 

 

 M   f ct r   f   t l h l  rs f r ph t v lt ic 

p   ls,  s th s  PV h l  rs c     v  i  b th 

 ir cti  s, v rtic l (t  tr ck th  s  's h ight,     

ch  g  th  tilt PV   gl )     h riz  t l (t  tr ck th  

s  's p th fr     st t  w st). Th s      f ct r   

st  l s pp rts c   h l  th  ph t v lt ic p   ls i  

b th v rtic l     h riz  t l p siti  s. 

 Acq isiti    f    s ri g   vic s f r cli  tic 

c   iti  s (Pyr     t r PYR 1307 t     s r  th  

s l r gl b l r  i ti  , A      t r M t r (AM-

4206M) t     s r  th  wi   sp   ,     A      t r 

M t r (AM-4206M) t     s r  th    bi  t  ir 

t  p r t r . 

 Acq isiti    f    s ri g   vic s f r  l ctric l 

p r   t rs (Digit l M lti  t r MX 20 (METRIX-

typ ) t     s r  th   l ctric c rr  t),     Digit l 

M lti  t r CT44053 (CROWN-typ ) t     s r  th  
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 l ctric l v lt g . T    t , th   l ctric l r sist  c  

h s b    fix    t 5 Ω  si g   v ri bl  r sistiv  l    

 f th  ECODIME-typ . 

 C rryi g   t th    sir   pr ctic l  xp ri   ts i  

tw    ys (March 21
st
, 2023, and April 21

st
, 2023)  f 

spri g. 

 

As    ti     pr vi  sly, th   i   f th  st  y is t  

  t r i   th   pti  l PV tilt   gl  i  th  Alg ri   r gi   

 f El-O   ,      cc r i gly,   ch ph t v lt ic p   l h s 

b    li k   t  th   l ctric l    s ri g   vic s t  f r  

    l ctric l cycl ,      cc r i gly,   st  y  f tw  

 l ctric l circ its si  lt     sly     r th  s    cli  tic 

c   iti  s h s b    st  i  . b t     r  iff r  t 

 xp ri   t l c   iti  s  s sh w  i  T bl  1. 

 As sh w  i  Fig r  2 , th  first circ it will b  

c ll   th  "r f r  c   l ctric l circ it (RC)",     it will 

c  t i  th  r f r  c  ph t v lt ic p   l (PVr),    igit l 

  lti  t r MX 20 (METRIX-typ ),        ECODIME 

 l ctric l r sist  c  fix    t 5 Ω,  ll thr    f which  r  

c    ct   i  s ri s, whil  th   igit l   lti  t r 

CT44053 (CROWN-typ ) t     s r  th   l ctric l 

v lt g  will b  c  pl   i  p r ll l with th  v ri bl  

r sistiv  l   . 

 As sh w  i  Fig r  2b, th  s c    circ it will b  

c ll   th  " l ctric l circ it     r v ri bl  c   iti  s 

(ECVC)",     it will c  t i  th  ph t v lt ic p   l 

    r v ri bl  c   iti  s (PVcv),    igit l   lti  t r 

MX 20 (METRIX-typ ),        ECODIME  l ctric l 

r sist  c  fix    t 5 Ω,  ll thr    f which  r  c    ct   

i  s ri s, whil  th   igit l   lti  t r CT44053 

(CROWN-typ ) t     s r  th   l ctric l v lt g  will b  

c  pl   i  p r ll l with th  v ri bl  r sistiv  l   . 

 
 

Figure 2. St  i    l ctric l circ its 

T bl  1 c  t i s th   xp ri   t l c   iti  s f r th  

tw  ph t v lt ic p   ls, b  ri g i   i   th t th  tw  

st  i   ph t v lt ic p   ls h v  b    s bj ct   t  

pr vi  s pr ctic l  xp ri   ts     r th  s    cli  tic 

c   iti  s     th  s     xp ri   t l c   iti  s t  

v rify th ir t ch ic l     pr ctic l si il rity. T    t ,  

th  r s lts  f pr vi  s  xp ri   ts h v  pr v     gr  t 

c  v rg  c  i  th  pr   ctivity  f th  tw  p   ls     r 

th  s     xp ri   t l c   iti  s, wh r    s  ll 

 iff r  c  i  p w r  f (P = 0.41V ×  0.069A =

0.02869 watt) w s r c r    b tw    th  . This r s lt 

(P = 0.02869 watt) pr v   th   cc r cy  f th  r s lts 

 bt i   , wh r  th  pr   ctivity  f th  tw  ph t v lt ic 

p   ls (PVr     PVcv) is v ry cl s      r th  s    

 p r ti g c   iti  s. 

 

Table 1.  Exp ri   t l c   iti  s f r th  st  y 
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With r g r  t  th   q  ti  s  s   t  c lc l t  th  

  tp t  f th  ph t v lt ic p   l     its  ffici  cy, th y 

 r   s f ll ws: 

P = I × V (1) 

η =
P

APV × IG

 (2) 
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Wh r , P is th  PV   tp t (W), I is th   l ctric c rr  t 

(A), V is th   l ctric l v lt g  (V), η is th  PV  ffici  cy 

(%), APV is th   ff ctiv  PV  p rt r  ( ²),     IG is th  

   s r   gl b l irr  i  c  (W/ ²). 

III. Results and Discussion 

This st  y will  ll w   t r i i g th   pti  l PV tilt 

  gl  i  th  Alg ri   r gi    f El O   . As it is k  w , 

th  p rf r   c      pr   ctivity  f   y ph t v lt ic 

p   l is  ir ctly r l t   t  ch  gi g cli  tic c   iti  s, 

    i  p rtic l r, th       t  f gl b l s l r r  i ti   th t 

r  ch s its  ff ctiv   p rt r . Fig r  3 sh ws th  ch  g  

i  th  cli  tic c   iti  s    th  st  i     ys i  t r s  f 

th  ch  g   f ti   fr   06h00 t  17h00 (th  ti   wh   

th  pr ctic l  xp ri   ts w r  c    ct  ). Fr   Fig r  

3, th  f ll wi g c   b  c  cl    : 

 Th  gl b l s l r r  i ti   f r   y (April 21
st
, 2023) 

is gr  t r th   th  r c r    gl b l s l r r  i ti   f r   y 

(M rch 21
st
, 2023), wh r  th  high st v l    f 1001 

W/ ² w s r c r     t 11h00. Thr  gh this, it is 

c  cl     th t th  p rf r   c      pr   ctivity  f th  

ph t v lt ic p   l will b  b tt r i  th    y (April 21
st
, 

2023),     this is wh t is sh w  i  Fig r  4. 

 

 
 

Figure 3. M  s r   w  th r   t  vs. ti   

 

 Th    bi  t  ir t  p r t r  f r   y (April 21
st
, 

2023) is gr  t r th   th    bi  t  ir t  p r t r  f r   y 

(M rch 21
st
, 2023),  s th  high st v l    f 27.6 °C w s 

r c r     t 16h00. T    t , ph t v lt ic p   ls  r    r  

pr   ctiv  wh     bi  t  ir t  p r t r s  r      r t  

 r g i g t  l w, b c  s  high  ir t  p r t r s r   c  th  

p rf r   c      pr   ctivity  f ph t v lt ic p   ls     

t  v lt g   r p. Th s,    il  s   y   y is th  b st 

c   iti   f r  pti  l p rf r   c      pr   ctivity  f 

th  ph t v lt ic p   ls. 

 Th  wi   sp    f r   y M rch 21
st
, 2023) w s 

gr  t r th   th  wi   sp    f r   y (April 21st, 2023), 

wh r  th  high st v l    f 7.6  /s w s r c r     t 

08h00. 

 

With th    v  c    t  f t ch  l gy, ph t v lt ic 

p   ls h v  b c      r  s phistic t       fl xibl ,  s 

th y c   pr   c   l ctricity i   iffic lt cli  tic 

c   iti  s. Th r f r , c st   rs   st h v       p 

    rst   i g  f th  cli  tic c   iti  s  f th   r   i  

which th  ph t v lt ic p   ls  r  t  b  i st ll  , i   r  r 

t  b   bl  t    k  i f r      cisi  s r g r i g 

ph t v lt ic pr j cts. 

Fig r  4 sh ws th  ch  g  i  th   ffici  cy     

pr   ctivity  f th  tw  ph t v lt ic p   ls (PVr     

PVcv). Fr   th  c rv s  f Fig r  4, it h s b     bs rv   

th t: 

 
Figure 4. O tp t      ffici  cy  f th  st  i   ph t v lt ic 

p   ls 

 

 Pr   ctivity     p rf r   c       y (April 21
st
, 

2023) is b tt r th   p rf r   c      pr   ctivity      y 

(M rch 21
st
, 2023), b c  s    y (April 21

st
, 2023) w s 

f ll  f gl b l s l r r  i ti   c  p r   t  th   th r   y. It 

is k  w  th t ph t v lt ic p   ls will pr   c  th  

  xi         t  f  l ctric l    rgy wh   th  s  's 

r ys  r  p rp   ic l r t  its  ff ctiv   p rt r ,     this 

c     ly h pp   thr  gh  t th    y  si g s  -tr cki g 

syst  s. If s  -tr cki g syst  s  r    t  s  , th  

ph t v lt ic p   ls   st b   ir ct   t  th  si   th t 

  s r s th t th  s l r r ys f ll  s l  g  s p ssibl     th  

ph t v lt ic p   ls. I  Alg ri , th  ph t v lt ic p   ls 

  st b   ir ct   t  th  s  th b c  s  th  s  's p th is 

i cli    t  th  s  th. 
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 Th   pti  l PV tilt   gl  i  M rch is 33°, wh r  

th  PVr p   l g v  th  b st  ffici  cy     th  b st 

pr   ctivity with v l  s  f 5.41%     46.7 W, 

r sp ctiv ly,  t 12h00. 

 Th   pti  l PV tilt   gl  i  M rch i  April is 28°, 

wh r  th  PVcv p   l g v  th  b st  ffici  cy     th  

b st pr   ctivity with v l  s  f 6.31 %     62.17 W, 

r sp ctiv ly,  t 11h00. 

 

Alth  gh th  st  y w s c    ct   i  tw    ys i  th  

spri g s  s  , th  st  y r s lts pr v   th t i  th  s    

s  s   th   pti  l PV tilt   gl  i  th  Alg ri   r gi    f 

El-O    ch  g s fr      th t     th. This ch  g  is 

    t  th   lliptic l p th  f th    rth's r t ti    r     th  

s   ch  g s its i cli  ti     gl   s w ll  cc r i g t  th  

s  s  . Th  ph t v lt ic p   ls th t  r  i st ll   i  th  

Alg ri   r gi    f El-O    h v      pti  l i cli  ti   

  gl   v ry    th,     t  k  w its v l    cc r t ly, th  

p th  f th  s     st b  tr ck     ily fr   s  ris  t  

s  s t f r   p ri    f     y  r. 

IV. Conclusions 

S l r    rgy c   b   s   t  g   r t   l ctric    rgy 

by i st lli g   ph t v lt ic syst   th t c  t i s 

ph t v lt ic c lls th t c  v rt s l r ph t v lt ic    rgy 

 ir ctly i t   l ctricity. Th    i   bj ctiv   f this 

 xp ri   t l st  y is t  fi     t th   pti  l PV tilt   gl  

i  th  Alg ri   r gi    f El-O    i  th  spri g s  s  . 

Th  r s lts  f th  st  y sh w   th t i  th  s    s  s  , 

 iff r  t  pti  l PV tilt   gl s c   b   bt i    fr   

   th t     th. This  iff r  c  i  th   pti  l PV tilt 

  gl  fr          th t     th r is     t  th    c ssity 

th t th   ff ctiv  PV  p rt r    st b  c  pl t ly 

p rp   ic l r t  th  s l r r  i ti   c  i g t  it,     th t 

th  p th  f th  s   ch  g s fr          th t     th r 

    t  th   lliptic l p th  f th    rth's r t ti    r     th  

s  . 

Th    st i p rt  t c  cl si    f this st  y is th t th  

 pti  l PV tilt   gl  f r th     th  f M rch is 33°     

28° f r th     th  f April. I     iti  , th  gr  t r th  

     t  f s l r r  i ti  , th  high r th   ffici  cy     

pr   ctivity  f th  PV p   ls,  s th  high st v l  s f r 

th   (6.31 %     62.17 W, r sp ctiv ly) w r  r c r    

   April 21
st
, 2023. 

Th  r s lts  f this st  y will c  trib t  t  th  c rr ct 

i st ll ti    f ph t v lt ic p   ls i  th  Alg ri   r gi   

 f El-O   ,  sp ci lly if th  ph t v lt ic p   ls  r  

 q ipp   with    l- xis s l r tr cki g syst  s. 

Declaration  

 Th    th rs   cl r  th t th y h v     k  w  

fi   ci l  r    -fi   ci l c  p ti g i t r sts i    y 

  t ri l  isc ss   i  this p p r. 

 Th    th rs   cl r  th t this  rticl  h s   t b    

p blish   b f r      is   t i  th  pr c ss  f b i g 
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