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The photovoltaic effect
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Figure 2.6: When exposed to light a voltage difference (1) occurs between the side of the cell
exposed to the light and its underside. If a circuit is completed, electrical current will flow (2)

Photovoltaics for Professionals
Recommended first book for engineers,
electricians, builders ad architects interested
in grid-tied photovoltaics
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Current (/)
depends on
the level of
solar
insolation
and the area
of the cell

The photovoltaic cell
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Open circuit
voltage
(Voc)
remains
fairly
constant
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Solar cells in series in a solar module

Voc = 0.45VDC x 36 = 16.6VDC
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© www.solarpraxis.de

1 Aluminium frame, 2 Seal, 3 Glass, 4 Encapsulating EVA, 5 Crystalline cell, 6 Tedlar sheet
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Photovoltaic modules are rated in

Peak Watts (Wp)

The peak wattage of a solar module is
the number of watts it will produce under

Standard Test Conditions (STC) (in ideal conditions)

Standard Test Conditions (STC) are
1kW/m? of solar radiation (1 PSH)
at a temperature of 25° C

in an Air Mass 1.5

Ideal conditions never exist outside the laboratory
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Solar module output @ STC

Wh = Wp x PSH
@ Standard Test Conditions
(Ideal conditions)
but in reality

Wh = Wp x PSH x performance ratio
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Irradiation dependence on weather

Cloudy Sky

xis.de

@ www.solarpra

Mainly Diffuse Radiation Mainly Direct Radiation

0 200 400 600 800 1000
Irradiation W/m?
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Effect of
irradiation
on silicon
crystalline

solar
modules

Module current (A)

5 10 15; . 20
U,rr Voltage range

Module voltage (V)

® www.solarpraxis.de
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Solar module output — stand-alone

The unit of electrical energy used is
the watt-hour (Wh)

To calculate approximately how many Wh a module will produce
on an average day in a stand-alone system, the following
formula can be used:

Units of energy produced (Wh) = Module Peak Watts (Wp)
x Peak Sun Hours (PSH) x (0.60 - 0.70)

Solar modules are rated in peak watts (Wp)
This will be on label on the back of the modules

Assumption : module is near optimum angle and orientation

Battery/system inefficiency needs to be added - 20%
(More exact to use module current)
PHOTOVOLTAIC MODULES
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Solar module output example - off-grid

A 75 Wp solar module is installed in Devon in a stand-alone solar
system. Approximately how much energy will it produce on one day
in September when the average daily insolation available is
4.63 PSH?

Units of energy produced (Wh) = 75 Wp x 4.63 PSH x 0.7 =243Wh

The amount of electrical energy produced by the module would be
approximately 243 Wh

Assumption : module is near optimum angle and orientation
Battery/system inefficiency needs to be added - 20%

(More exact to use module current)
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Monocrystalline modules

» Cells manufactured
from wafers cut
from an ingot of a
single silicon
crystal

* Field efficiencies of
10 - 15%

 Guarantee: 80% of
rated at the end of
20/25 years

« Suitable for most
applications, high
quality

PHOTOVOLTAIC MODULES
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Polycrystalline modules

* Cells manufactured
from wafers cut
from an ingot of a
several silicon
crystals

 Field efficiencies of
9-13%

« Guarantee: 80% of
rated output for
20/25 years

« Suitable for most
applications, high
quality

Polycrystalline cell

Polycrystalline modules
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Amorphous multi-junction modules

« Silicon deposited by
gaseous deposition method
in several layers, creating
multi-junction cells which are
sensitive to a wider light
spectrum.

 Field efficiencies of 8 - 10%

 (Guarantee: 80% of rated
output for 10/20 years. Less
for flexible models

« Most expensive type. Can be
advantageous in conditions
of diffuse radiation i.e.
northern latitudes
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Amorphous silicon thin film modules

« Silicon deposited by
gaseous deposition

» Field efficiencies of 3
- 6%

« Guarantee: depends
very much on the
manufacturer

« Least expensive type.
generally more
suitable for small
applications. Quality
depends very much
on manufacturer. Can
be fragile.

« Degrades 10% in first
3 months
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Figure 2.2: Cells made from different materials have different efficiencies. PV array surface
area depends on the type of cell used. EFG (Edge-Defined Film-Fed Growth Technique) is a
more efficient production process for polycrystalline cells

Source: Photovoltaics for Professionals
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Type of cell Construction Cell Module Current stage of
Efficiency* | Efficiency | development

Monocrystalline  Uniform crystalline 24% 13-17% Industrial

silicon structure —single production
crystal

Polycrystalline Multi-crystalline 18% 11-15% Industrial

(multi-crystalline)  structure —different production

silicon crystals visible

Amorphous silicon Atoms irregularly 11-12% 5-8% Industrial
arranged. Thin film production
technology

Gallium-arsenide  Crystalline cells 25% = Produced exclusively

for special

applications (e.g.
space craft)

* Cell efficiency is based on laboratory samples, and is invariably higher than module
efficiency. From the practical point of view of evaluating systems, the module efficiency
should be used.

** Not available in module form. Source: Photovoltaics for Professionals
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Type of cell Construction Cell Module Current stage of
Efficiency* | Efficiency | development

Gallium-arsenide,

gallium-antimony
& others

Copper-indium-
diselenide

Cadmium-
telluride & others

Organic solar cells

Tandem (multi- 25-31% Research and
Junctlon} cells, different development stage
layers sensitive to

different light

wavelengths

Thin film, various 18 % 10-12% Industrial

deposition methods production

Thin film technology 17 % 9-10% Ready to go into
production

Electrochemical 5—8% ** Research and

principle based development stage
— not commercially
available

Source: Photovoltaics for Professionals
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Module data sheets

NE=-8OE2E

MuliCrystalline Silicon Photovaltaic Module
with 80W Meaximum Fower

SHARP's NE-#{ i
phatcvoltzic moduls is

desipned lor lange dlectrical

35 years, thas modale bas
supierh dumabilisy to withstand
Tigaraus aperating conditions
anid 15 guitable Far grid
camsted Systema,

FEATURES

W) asing 125mm square mult-crvatal
% modnle conversion sfficiency.

1 Highpower module |
silicon selar cells witl

L2,
2 Photoveltaic module with bypass divde
drop catsed by shade.
A Reflection Conting and BSF (Back Surfasce Field) stnsctars
to imprave cell comversion efficiency: 14%.
= Usmy whil
filn alon
& pciav sysiem

-] Chaput termemal: Lead wire with walerproal conneclor

izes tho puwer

mpered glass, EVA resn, and a weathirproof
entended outdoor uas

NT-R5E3E

SingleCrystalline Silicon
Phatovoliaie Module

with 175W Meximum Power

GENERAL
DESCREPTION

SHARP's NT-R3 3
phatovaltzic module is
desdped for lage elestrical
power pequirements. Based on
the technology of crystal silican

solar cells cultivated for over
35 vears, this module has
superh duzability o withstand
rigaraus aperating canditians
and i saitable for prid
conneeied Sysiema,

FEATURES

T Highpowsr module (175W) using | 23min sqguae sinphe-crystal
silicon satar cells with 13.5% medale conversion e fficiney

2 Phatoveltaic module with bypass diode minimizes the power
drop caused by shade.
Textared cell sarface fo redace the reflection af sunlight and
BSF (Back Sarface Field) struchae ta improve cell sanverssan
elTency: 16.4%.

3 Using white sempered glass, EVA resn, and 2 weatherprood
film alomg with ar 2fuminam frane for extended outdoor vae

A D 24V system and kghvoliage outps for grd-connecied system

5 Ouput terminal: Lead wire with watesproof connector
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The label on the back of the
module contains important

information

— peak power (Wp) B—

— operating current :

_ _ [ MODULE TYPE: _BP585¢ |

— open circuit voltage (Voc) ot P YOUTAGE o) & 18,08
FEAK POWER CURRENT (imp] 472

— closed circuit current (/sc) o G Yot () 72

— the IV curve - EF x

Module labels
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H— -
Datasheet ecrildas e

irradiance st the madule level af 1000 W/a? with spectum 484 1.5 and 2 coll bemperabure of 15 °C.

R . m Mominal power P 285 Wp 300 Wp 315 Wp
Woltage at maximum-power point Urpn 505V 51.2V 57V
specifications of Pl e B RS S
‘Open-circuit voltage i 5 60V 60V 645V
Short=circuit current 1 62A 644 6.7 A

a m Od l l I e The rated power may ony vary by £ 4% and ai other skecirical paraseters by

Dimensions and weights

1 Area 242w
ﬁ Dimensicns (tolerances + 4 mm} 1.892 » 1.283 mnv'
Thickness with frame (+ 2 mm) 50.8 mm
Weight approx. 50 kg

Characteristic data

Solar cells per module 216
III Type of solar cell EFG solar cells (multi-crystalline, 10 x 10 cm? full-square)

‘Connections Cennection box with bypass diodes, MC®.Connectors with cable
{4 mm, Suhner RADOX 125 A, length of both poles 160 cm),

Cell temperature coefficients

Power Te (P -047% /°C
Open-circuit voltage T (o) -0.38%/°C
Shorl-gircuit current To (L) +0.10 % /°C
Limits
Max, systern voltage 1000 Voo
H Operating module temperature -40.._ +90 "C
Stoanm resistance Wind speed of 130 km/h 2 B0 Pa and safety factor of 3

The ight b resenved to make technical medikations
Qualifications
The ASE-300-DG-FT Module complies with the requirements of [EC 61215, NREL IQT, UL-1703 (USA)
Fire Class A, Electrical Protection Class Il and the EU guidelines, e.g. EMC according to DIN EN.

198 ——————

arzn
s & ta
ST0 3000 §&
HEP [P ———
H Wim?, 250 = =
. —~
; conert ONIE
Won data &
5 oo T B
I x \va/ ’ ]
0 m . owom om owe ® E
B Bk g heserw e L
Currentfwsltage char scteriiics ik = Eaci matieg nties .«
drperdvmce on radsnce v modue trmpersture SIS W,

RWE SCHOTT Solar GmbH

Carl-Zelss-Sir. 4

63755 Alzenau

P +40(0) 6023 /91-05

F |¢9(0j:071.'9'|-'|?00 RWE

E sales@rweschottsolar.com

sy honrapion SCHOITT Solar

@© Schott Solar GmbH
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12V & 24V modules

Originally most modules were
so-called 12 V modules,
designed to charge batteries —
used mainly in off-grid systems

Modules for grid-connect are
usually 24 V these days — they
are larger so less are needed

Module junction boxes —in
modules for grid connect there
are usually plug/socket leads
instead, for easier string
connection. Proper junction box
preferable for stand-alone
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IV - Curves

Module current (A)

5 10 15, 20
U,pp VoOltage range

Module voltage (V)

® www.solarpraxis.de
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Effect of
temperature
on the
operation of
crystalline
solar
modules

Module current (A)

[JMF,F, voltage range

® www.solarpraxis.de

Module voltage (V)
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Effect of shade on solar modules

Even a small
shadow like
this can
reduce the
amount of
electricity a
module
produces by
80-90%,
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Functioning of bypass diodes

Bypass diode Bypass diode

L1 L1 P
N N -
h } 47 B

L)
. ;
© www.solarp
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Open circuit voltage (Voc)

* The open circuit voltage
(Voc) of a solar module
remains fairly constant
over a range of sunlight
levels
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Short circuit current (/sc)

 The short circuit current
(Isc) of a solar module
varies with the level of
sunlight
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