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Key Project Data: Solar Cell & Module Manufacturing

Global
Region

Applicable to manufacturing setups worldwide

Auto
Output

Depends on line configuration — industrial scale

2-in-1
Process Scope

Cell fabrication + module assembly

Parameter Detail Notes

Production Type Solar cell & module manufacturing Integrated or standalone lines

Output Depends on line configuration Industrial scale

Line Type Automated production line Turnkey concept available

Process Scope Cell + module assembly Full value chain or partial

Region Global Multiple continents served

Source PVKnowHow / J.v.G. Technology GmbH Composite reference scenario

Source: PVKnowHow / J.v.G. Technology GmbH — composite scenario based on real consulting and manufacturing data



What Is a Solar Cell?

Definition & Function
Semiconductor device that converts sunlight into 
direct current (DC) electricity

Operates via the photovoltaic effect: photons excite 
electrons in silicon material

Building block of every solar panel / PV module

Core Structure
Consists of p-type and n-type semiconductor layers 
forming a p-n junction

Metal contacts on front and rear collect generated 
current

Anti-reflective coating minimizes light loss at the 
surface



Solar Cell Production Process: Step-by-Step
01

Polysilicon Production
High-purity silicon refined from quartz 
sand — feedstock for all crystalline cell 
types

02

Ingot Growth & Wafer Slicing
Silicon melted and grown into ingots 
(Czochralski or directional 
solidification); sliced into thin wafers by 
diamond wire saws

03

Wafer Texturing & Doping
Surface chemically textured to reduce 
reflection; p-n junction created by 
phosphorus diffusion

04

Anti-Reflective Coating & Metallization
SiN coating applied to improve light absorption; front and 
rear metal contacts screen-printed

05

Cell Testing & Sorting
Each cell measured for efficiency, current, and voltage; 
sorted into bins for matched module assembly



Types of Solar Cells

Monocrystalline (Mono-Si)
Single silicon crystal grown via 
Czochralski process

Highest efficiency: typically 
20–22%

Uniform black appearance; 
best space efficiency

Higher production cost; 
longest operational lifespan

Polycrystalline (Poly-Si)
Multiple silicon crystals 
formed by directional 
solidification

Efficiency: typically 15–17%; 
lower production cost

Blue speckled appearance; 
simpler manufacturing 
process

Suitable for large installations 
with fewer space constraints

Thin-Film
Photovoltaic material 
deposited on glass, metal, or 
plastic substrate

Common types: CdTe, CIGS, 
amorphous silicon (a-Si)

Efficiency: 10–13% 
commercially; lightweight and 
flexible

Preferred for large-scale utility 
and specialty applications



Panel Assembly Process

1

Cell Stringing
Cells interconnected in series using tabbing ribbons; strings 
formed to target voltage

2

Lay-Up & Encapsulation
Glass / EVA / cell string / EVA / backsheet stacked in sequence 
for lamination

3

Lamination
Stack heated and pressed in laminator; EVA bonds components 
into a weatherproof unit

4

Framing & Junction Box
Aluminum frame attached; junction box mounted on rear with 
bypass diodes fitted

Final step: flash testing at Standard Test Conditions (STC) — every module measured and power-class labelled before shipment.



Production Machinery Overview

Ingot & Wafer Equipment
Crystal pulling furnaces (Czochralski)

Diamond wire multi-wire saws

Wafer cleaning stations

Cell Processing Equipment
Chemical etching / texturing lines

Diffusion furnaces (phosphorus doping)

PECVD coating systems (anti-reflective)

Screen printers for metallization

Module Assembly Equipment
Automatic tabbing & stringing machines

Lay-up conveyors

Lamination presses

Framing and junction box machines

Testing & QC Equipment
Flash simulators (STC testing)

Electroluminescence (EL) imagers

Hi-pot / insulation resistance testers



Panel Sizes & Applications

Format Cell Count Typical Application Notes

Standard Residential 60 cells Rooftop residential Common for homes; 
compact footprint

Commercial / Utility 72 cells Ground-mount, commercial 
rooftops

Higher power output; widely 
deployed

Large Format 96 cells Large-scale utility projects Maximum output per panel; 
reduced BOS costs

Half-Cut / Shingled 120 / 144+ cells High-density residential & 
commercial

Reduced resistive losses; 
modern standard

Cell count directly affects panel dimensions, power output, and system design. Larger formats reduce installation labour per 
watt but require structural load assessment.



Efficiency vs. Size Trade-Offs

Higher Cell Count / Larger Panel

More power per module — lower installation cost per 
Wp

Fewer modules required for a given system capacity

Higher mechanical load on mounting structure

Better suited to ground-mount and large commercial 
rooftops

Smaller Format / Fewer Cells

Easier handling during installation

More flexible for irregular roof shapes

Lower per-panel output — more modules needed

Preferred for residential and constrained-space 
applications

Efficiency (% of sunlight converted) and physical size are distinct parameters. A large panel with moderate 
efficiency can outperform a small high-efficiency panel in total power output.



Advanced Technologies

Bifacial Modules
Capture sunlight on both front 
and rear surfaces

Rear-side gain of 10–30% 
depending on albedo and 
installation height

Requires transparent or dual-
glass module construction

Increasingly standard on utility-
scale ground-mount projects

Perovskite Solar Cells
Emerging absorber material 
with rapid efficiency gains in 
R&D

Compatible with flexible and 
curved substrates

Stability and longevity remain 
primary commercialisation 
challenges

Theoretical efficiency 
significantly exceeds 
conventional silicon

Tandem / Multi-Junction 
Cells

Perovskite-silicon hybrid stack 
absorbs a wider light spectrum

Theoretical efficiencies exceed 
40% in tandem configurations

Reduces silicon cell losses in 
high-energy wavelength range

Active area of global R&D 
investment; commercialisation 
underway



Cell & Module Efficiency Comparison

Technology Typical Efficiency Cost Level Best Use Case

Monocrystalline 20–22% Higher Space-constrained rooftops

Polycrystalline 15–17% Mid-range Large commercial / ground-
mount

Thin-Film (commercial) 10–13% Lower Utility scale, flexible surfaces

PERC / TOPCon 22–23%+ Mid-higher Premium residential & 
commercial

Bifacial (total yield) +10–30% vs. monofacial Mid-higher Ground-mount utility 
projects

Tandem (R&D) >40% theoretical High (early stage) R&D / next-generation 
deployment



Key Takeaways: Solar Cell & Module Manufacturing
01

Cells Are the Core Unit
PV cells convert sunlight to electricity via the p-n junction; all 
other components protect and connect them

02

Technology Choice Drives Trade-Offs
Mono offers highest efficiency; poly balances cost; thin-film 
suits utility and flexible applications

03

Panel Format Affects System Design
60, 72, and 96-cell configurations suit different installation 
scales; half-cut formats are becoming the modern standard

04

Advanced Technologies Are Maturing
Bifacial, perovskite, and tandem architectures are closing the 
gap between theoretical and commercial efficiency

Source: PVKnowHow / J.v.G. Technology GmbH — composite scenario based on real consulting and manufacturing data. 
All figures are realistic but simplified for educational purposes.
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