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History of PV modules
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1955 Bell Lab, Eff: ~2%

1 MWp

1979

WAFER MODULE

Silicone oil with

plastic case

Block I 

34 cells of Ø5.7cm,

silicone rubber between

two glass sheets, with a

rubber edge sealing belt

and an anodised Al

frame. Targeting

15Years

Block II Block III Block VBlock IV

Spectrolab PVB

ARCO Tedlar

ARCO EVA 

Eff:6.5-8.4%

All: EVA Eff: > 10%

ARCO: 
Tedlar/polyester/Tedlar

US Government 

1958 

VANGUARD 1

Philips BPX 47A 
    Eff: ~6.4%

Green, Martin A. "Silicon photovoltaic modules: a brief history of the first 50 years." Progress in Photovoltaics: Research and applications 13.5 (2005): 447-455.
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€0.08/Wp - €0.10/Wp

Modern PV module

Trina    
Tandem 

Eff: 27.1%



PVB

EVA

Thermoplastic (noncross-linked) 
Polyvinyl 

butyral 

Ethylene Vinyl 

Acetate 

❖ Poor moisture resistance

❖ Low value electrical resistance (Risk of leakage current and PID)

❖ Difficult lamination process

❖ Difficult storage and process control due to high sensitivity to 

environment and handling
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White EVA 

Transparent EVA

❖ Used as bottom encapsulant, increases light

deflection from cell gaps, power boost of 1% to

2% compared to transparent EVA

PV module - Encapsulant

Cross-linked Material

❖ Excellent transmittance and low haze

❖ Good mechanical flexibility

❖ High resistivity and dielectric strength

❖ Low curing temperature (~150 °C) and short 

lamination time (10–20 min)

❖ Low cost, widely available, and industry-standard
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PV module - Encapsulant

Cross-linked Material

➢ Discolor under prolonged UV exposure, reducing light

transmittance.

➢ High water vapor transmission rate may cause

degradation (e.g.,formation of acetic acid) in hot, humid

climates.

➢ Lower PID resistance

➢ Delamination

Weakness
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Encapsulant : POE

✓ Prone to bubble formation during lamination

✓ Requires extended lamination time (approximately +6 min per 

cycle)

✓ Potential busbar displacement during cooling in MBB modules

✓ Lower glass adhesion strength compared with transparent EVA

✓ Higher price than EVA

❖ Excellent water vapor barrier
❖ High resistance to potential-induced degradation (PID)
❖ Well suited for glass/glass bifacial modules
❖ No formation of radicals or acidic by-products as in EVA

Advantages

Weakness

How to economically combine EVA’s strong adhesion with POE’s low moisture transmission — for example, HJT cells 

with TCO on both sides, where POE adheres poorly but EVA alone cannot provide sufficient moisture protection.

Question



Encapsulant materials

Market share of different encapsulant
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Down conversion encapsulant material
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Down conversion encapsulant material
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PV module - Backsheet
❖ 2 key roles
➢ Protection from the environment
➢ Electrical insulation to provide long-term

durability;

❖ Polyester (PET), cost effectively.

❖ Poor UV stability

Chunduri, Shravan K., and Michael Schmela.  TaiyangNews Solar Backsheets & Encapsulants 
Market Survey 2024/25, https://taiyangnews.info/reports/solar-backsheets-encapsulants-
market-survey-202425
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PV module - Bifacial
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PV module – Bifacial 
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Bifacial module – Glass vs Transparent backsheet

Glass thickness (mm)

Glass/Backsheet 3.2mm

Glass/Glass 2.5+2.5 2.5+2.0 2.0+2.0 1.6+1.6
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Bifacial module – Glass vs Transparent backsheet

Durability,Weight, Cost, and Thermal performance.

G2G modules historically offered superior
longevity, and today G2G module dominate the
market.

https://www.pv-tech.org/industry-updates/jinkosolar-transparent-backsheet-vs-dual-glass-advantages-and-disadvantages/



PV module - Glass
1,  Size:   1560x992/1956 × 992mm2---2384 × 1303/2500 × 1300mm2

2,  Thickness: 4mm, 3.2mm, 2.8mm 2.5mm, 2mm, 1.6mm
3,  Fully tempered  vs Heat-strengthened 

4, ARC coating, Double layer ARC coating

5, Anti-dust coating

Fully 
tempered 

3–5 times stronger 
than ordinary 
glass

requires 
greater 
thickness.

heat-
strengthened

roughly twice as 
strong

thinner than 2 
mm can only be 
processed as 
heat-
strengthened

Module face an unavoidable risk of 
glass breakage, which can be caused 
by external force or spontaneous 
breakage. The latter mainly results 
from uneven stress, including: 
Lamination stress, Mechanical stress, 
Thermal stress and Impurities
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PV module – Frame
Main function： 
❖ Protect the PV module laminated parts, 
❖ Enhance the sealing performance when combined 

with silicone 
❖ Improving the overall mechanical strength of the 

PV module 
❖ Easier to handle, install, and transport.

➢ Sufficient mechanical strength and stability

➢ Corrosion resistance 

Requirements：
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PV module – Frame

Composite material frame: Made from materials such as glass fiber,
polyurethane, or other resins, with main production steps including glass fiber
roving arrangement, resin injection, extrusion molding and curing, traction and
cutting, and surface coating.

Aluminum alloy frame: Made mainly from aluminum profiles, with key
production stages including casting, extrusion, oxidation, and deep
processing. Over 95% market share, accounts for about 10% of the total
cost of a PV module, currently ranking second only to the solar cells in cost.

Steel frame: Made primarily of steel, with a magnesium-aluminum-zinc
coating to enhance corrosion resistance. The main manufacturing process
involves cold bending and pressing to achieve forming.

Material Cost Weather / Corrosion 
Resistance

Insulation 
Performance Flame Retardancy PID Resistance

Aluminum Alloy Frame High Moderate Moderate Good Moderate

Steel Frame Moderate Moderate Moderate Good Moderate

Composite Frame Moderate Good Good Moderate Good
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PV module –Junction Boxes and Connectors

TÜV Rheinland. (2025). White Paper on Photovoltaic Technology and Quality Development 2025.
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Si PV Module power development
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Development of Si solar module
High-efficiency PV Cells

PERC/PERC+,  Heterojunction (HJT),  TOPCon, XBC, 
Tandem

Li, Wei, et al. "Passivating contacts for crystalline silicon solar cells: an overview of the current advances and future perspectives." 
Advanced Energy Materials 14.18 (2024): 2304338.
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Development of Si solar module
High-efficiency PV Cells

✓ 2–3% higher power output than conventional 
full-cell design due to reduced electrical losses.

✓ Improved performance under partial shading 
conditions.

Half cut 

https://www.novergysolar.com/half-cut-solar-cells-improve-solar-module-performance/
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Development of Si solar module
High-efficiency PV Cells

Half cut 
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Development of Si solar module
High-efficiency PV Cells

Bifacial module

Half cut 

Trend of bifaciality factor for modules with different cell 
technologies
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Development of Si solar module
High-efficiency PV Cells

MBB - Multi-busbars-0BB

Half cut 

Bifacial module

❖ Reduce Ag consumption
❖ Reduce shading, Increase reflection using wire
❖ Reduce current transport distance
❖ Reduce contact resistance
❖ Reduce microcrack
❖ Less CTM loss 
❖ Etc. 

Motivation

The Evolution of Busbars
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Development of Si solar module
High-efficiency PV Cells

MBB - Multi-busbars-0BB

Half cut 

High-density cells - Reducing inter-cell gaps  

Bifacial module
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Development of Si solar module
High-efficiency PV Cells

MBB - Multi-busbars-0BB

Half cut 

High-density cells - Reducing inter-cell gaps  

Bifacial module



29

Development of Si solar module
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PV module application
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POWER

Aesthetics

Weight

Size

Summary

THANK YOU !
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