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Energie Photovoltaique :
Un peu de technique

 Les technologies PV
 La filiere PV Silicium

e La cellule

e Le panneau
e Association de panneaux, les « strings »
e Londuleur

e Association panneaux — onduleurs

Exemple d’'une station 3kWc

\6-@; hnc
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* * *

., ., Sunpower |
96 cellules 1.05x1.56m

* * * * * *

204 Wcim? ¢

*

1320 mm
3700 mm

" =)
Raled power 170 Ppp* (¥ Puissance nominale (+3%) P, 250 Wc? Phom 333 W
Rofed volfoge /™ % Vmpp™ (V) o
: " ! Rendement du module 15,24 % N cell 229%
Rated cument *[*" i mpp"|A) : . n module 20,4 %
: Tension nominale Upp 30,30V
Short crcul cument /™ 41 ke (A) Vmpp 54,7V
doencicilvologe’/™ & VoclV Courant nominal Impp 8,28 A lmpp 6,09 A
hortcrcutcument*)™ 43 ke (o) 875°C Tension en circuit ouvert U, 37,38V Vee 653V
Open creutvolloge”/™ 75 Voc V) 3-20°C Courant de court circuit |, 8,71 A lsc 6,46 A

, hnc
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Membranes PV

4
- =

==Puissance.unitaire==170Wc
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Technology

SunPower’s

Solar Cell Silicon wafer
20 - 22%

Efficiency T

L1

Electrical contacts

Conventional » » ‘
Solar Cell
14 -17% contacts
Efficiency —————— ‘

Electrical

SUNPOWER




SUNPOWER THE A-300 SOLAR CELL

HIGH EFFICIENCY
BACK CONTACT
VERY LOW COST

BACK SIDE FRONT SIDE
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NASA’s HELIOS

@2HPEA

2000 PRODUCT
_ HIGH EFFICIENCY
e = BACK CONTACT




Helios IV (Solar Event 2010) HEI Univ. Lille
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Sunswift lvy Record du monde : 88.738 km/h janv. 2011
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Technologies PV hors Silicium RIS o

= Le tellurure de Cadmium, CdTe

= Le diséléniure de cuivre et d'indium, CIS
(couche mince cristalline)

=  Silicium microcristallin, u-Si
= Arséniure de gallium, As Ga

8 CdTe

ZnTe:Cu
Ti

¢ ZnO/CdS
" CIGS

= Ces technologies se B o

différencient par les
caractéristiques
d’absorption, de réponse
spectrale, de rendement
mais aussi par leurs
techniques de fabrication
et de mise en oeuvre

0 hne
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Top 10 producers in 2010 (2009)

Suntech Power
JA Solar
First Solar
Yingli
Trina
0-Cells
Motech
Sharp

L/ Gintech

Kyocera

Rank
20010 2009

hnc
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+62.5%

827 / 368 (+

1,000 1,200 1,400

|
M 1,060 / 525 (+101.8%)

945 / 360 (+162.5%)

910#

124.7%)

1,050%"/ 399 (+163.2%)

1,014 /586 (+73%)

1,600 1,800 MW

1,585/ 704 {+125.1%)

1,463 / 520 (+181.3%)

1,412/ 1,100 {+28.3%)

/595 (+52.9%)

I Production in 2010
Production in 2009
* astimate

@ PHOTON International 2011
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Répartition géographique de la production en MWc de cellules photovoltaiques

Annee/year 2010

4,6 %-1253 MWp

5,2%-1406,5 MWp America

Malaysia

0,1% -35MWp

3,3 % - 888,6 MWp Africa and Middle East

Rest of Europe

9,8%-2656,2 MWp
Germany

47,8 % -13018,4 MWp

4,9% - 1341,8 MWp China

Rest of Asia

3,2 % - 865 MWp
South Korea

12,7 % - 3 448,5 MWp
Taiwan

8,5%-2299,5 MWp
Japan

\Ql hnc: =
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La filiere PV Silicium

Silicium purifieé Lingot

Procéde chimique
de purification

Wafer

Moulage
Sciage

(o] |[V][=

Traitement
De surface

Module

Lamination

Systéemes

-

.

1980

Mono

[eed o] | |

Poly

Forme des cellules

J
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Electrode positive <.

Silicium dope p

16



Caractéristique électrique d’une cellule

| A

Y

r

v v
Without illumination, a solar cell has the same , _ , [ -~ (_V) » 1]
electrical characteristics as a large diode. : nkT

R ), hnec

facilite et sécurise vos projets photovoltaiques

17



| A

When light shines on the cell, the IV curve

Light

where IT = light generated current.

qV
' shifts as the cell begins to generate power. I=1ly [eXP (W) T 1] =y
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Light

The greater the light intensity,
the greater the amount of shift.
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qV
1=10 exp E(_T— -1 —IL

where I = light generated current.

— 19




| A

Since the cell is generating power the
Y convention is to invert the current axis.

Light

qV
1=t=ts oo (7)1}

The equation for the IV curve in the first quadrant is:
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E...= 1000 W/m2
- e it Pmpp=1,47
5 "N Spectre AM 15 | PP
3’5 4 PPN v " | 174
|LQC=3. 35 Caractéristigue courant-tension
Impp=3,05 .
3~_EB—_———_———-——__——-—— —-7—_;_,, \ -1,2
///
251 ' ;5’-' L1
Point de puissance =
< maximum 3
£ s ]
@ 2 Puissance créte (08 ¢
] w
; 2
a
15 06
13 - 04
Caractéristique puissance-tension
05 - - 02
Vco=0,6
0 T v - : 0
0 0,1 02 0,3 04 05 0,6 0,7

Tension (V)

O hne ol Caractéristique électrique d’une e:ellule21
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Influence de I’éclairement

4
% E = 1000 W/m?
3
E = 800 W/m2
2,5
<
x E = 600 W/m?
]
g
£
19 E = 400 W/m2
1 4
E = 200 W/m?
0,5 \
0 r ‘ T T y
0 0,1 02 03 04 05 06 07
Tension U (V)
o hne o o Le courant varie comme |°C@nstantei
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E..= 1000 W/m?2

3.5

Parametres importants :
Voc Icc

Vmpp Impp A Pmpp

| dVoc/dT

dPmpp/dT

Les parameétres sont donnés aux STC (1000W/m2, 25/C)

s
»

Intensité | (A)
n

o~
(3

1 | Pour une Cellule moderne de 156 mm:

Voec 0.63V leec 8.5A

05 | Vpp 031V Impp 8.1A Pmpp 4.1We
dvVoc/dT -2.2mVIC [-0.34%/C] @-20°C =-15%
dPmpp/dT -0.48% /C @ 75°C =-24%

0 0,1 0,2 0,3 04
Tension U (V)

( 7 ), hnec
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Intensité | (A)

A typical module has 36 cells connected in series

T
i

T
AL

Lt miillifim miiilie mitie e miim g
LY QLI LY WU QUL iy Q)

IR Ui Wit miiie e giliie i
LT QUUIIY QUL QUL Wy QUi Q]

JHALEEL. LTI I IR SR SN S
GGIED QUL SEy WY QUL Ry QUi

LI SR sufiin SUie siim suiiin g
LT ULy LY WL LY LY i

I
I

I
JUATEE

NI
JUELE

Un module
(36 cellules)

I—
1,5

Tension du panneau ?

36x 0.5V =18 V au mpp

05 A batteries

Une cellule

Ei= 1000 W/m?2

0 5 10 15 20
— Tension U (V)

, hnec
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60 cellules mono de 156mm

Tension du panneau ?
60x 0.51V = 30.6V
Courant : 8.1A

Pmpp = 24/Wc
PP _2a

projets photovoltaiques ¢




Caractéristique électrique d’'un module

W E = 1000 W/m2
3 \:’\
E = 800 W/m? \
2,5

E = 600 W/m? \\

Intensité | (A)
~N

et

4o E = 400 W/m2 \ \
1 B " \
E = 200 W/m2 \\\
0.5 [
| NN
0 5 10 15 20 25
Tension U (V)
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1 cadre en aluminium, 2 joint d'étanchéité, 3 verre, 4 support EVA, 5 cellule cristalline, 6 film Tedlar

O hnc
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9 unshaded cells

S

10 cells in series

o
»” S

y2 S
¢ 1shaded cell
/

-

If the teminals of the module are connected (module Isc), the power from
the unshaded cells is dissipated across the shaded cell.

Bypass diodes from the unshaded cells
are reverse biased and have no impact.

Bypass diode from shaded

string is forward biased and
conducts current

+0.6V-

>
3

ol
-

06V + 5

Current from string of cells is limited by lowest /
current cell. If some cells are shaded, then the extra

0.5V+ -0.5V+ -0.5V+

o > t /

Shaded-es|

current from the good cells in the string forward

, hnec
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A typical module has 36 cells connected in series

(e muitie mullinie e miie e i giiiie gl
JILLY WY UL WL QUL QUL QU QU QU]

TR @iniifiie e miie e e giniie giiiie g |
ALY WUy WUy QUi QUi WUy iy Sy Qi

(LT IR IR LGN R I SR SN +
ULy Y QUMY QU QUL QUL QU QUi Qi

LR SR OGN SUTTIR TR SR ST RN S
LY LY LAY LY WLy Ry QU iy i

Tension du panneau Cellule ombrée A R infinie
36x 0.5V =18 V au mpp

|
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A typical module has 36 cells connected in series

(e muitie mullinie e miie e i giiiie gl
JILLY WY UL WL QUL QUL QU QU QU]

TR @iniifiie e miie e e giniie giiiie g |
ALY WUy WUy QUi QUi WUy iy Sy Qi

(LT IR IR LGN R I SR SN +
HULY Y QUMY QU QUL QUL QU QUi Qi

IO DI OO AT T UL N1y
LGNy WY WY Y QUL QU QU QUi

Tension du panneau Cellule ombrée A R infinie
36x 0.5V =18 V au mpp | tres faible Puissance infime
N en fonct. normal Tension : 35x0.6 A 21V Hot Spot !

, hnc
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A typical module has 36 cells connected in series

Diodes By-Pass
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Tension du panneau
36x 0.5V =18 V au mpp
en fonct. normal

, hnc

Cellule ombrée A R infinie

Le courant passe par D2

Demi panneau opérationnel (1/2Wmpp-Vd.l)
Tension : 17x0.6 A 10V pas de claguage !
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