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Why Quality Control Matters in PV

Manufacturing

Performance
Reliability

Defects in assembly directly
reduce power output and
module efficiency over a 25-30

year operational lifespan

Cost Impact

Defects identified post-
shipment generate rework,
warranty claims, and
replacement costs that far

exceed in-process prevention

Market Access

Export markets and project
finance require certified,
verifiably defect-free modules —
certification is not optional



Key Project Data
2

Production Scope

Module assembly & panel assembly — the two
stages where QC has the greatest defect-
prevention impact
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Core Standards

IEC 61215, IEC 61646, UL 1703 — design
qualification, thin-film approval, safety
certification
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QC Types Applied

In-process quality control, testing &
validation, and final inspection

35%

Microcrack Risk

Microcracks are linked to over 35% of long-
term module failures (Source: Jv.G.
Technology / PVKnowHow)
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Key Risk Categories

Cell cracks, surface contamination, and
process parameter errors

15%+

EVA Gel Content

Minimum cross-linking density required for a
reliable encapsulant bond during lamination

[J Source: PVKnowHow / Jv.G. Technology GmbH — composite scenario based on real consulting and production data



Solar Module Production: Process Overview

Cell Production Panel Assembly
Silicon wafer processing, doping, anti- Framing, junction box attachment, edge
reflection coating — upstream of module sealing — structural and electrical
assembly completion

Module Assembly Testing & Dispatch
Tabbing & stringing cells, lay-up of glass / Flash test (IV curve), EL imaging, Hi-Pot,
encapsulant / cells / backsheet, lamination final visual inspection before shipment

Quality control activities are concentrated at the module assembly and panel assembly stages, where process errors and
material defects have the greatest impact on finished product quality.



Types of Quality Control in Module Production

In-Process Quality Control
(IPQC)

Continuous monitoring at each

production stage

Checks cell spacing, alignment,
and solder joint integrity

Identifies and corrects
microcracks and

misalignments immediately

Prevents defects from
advancing to the next stage

Testing & Validation

Electroluminescence (EL)
imaging — detects hidden
cracks and faulty connections

IV curve / Flash test — confirms
actual power output vs.

specification

Hi-Pot test — verifies electrical

insulation integrity

Gel content test — confirms
EVA cross-linking = 75%

Final Inspection

Visual inspection for surface
defects, frame alignment, and

junction box fitment

Label and datasheet
verification against actual

performance measurements

Sampling protocols in line with
IEC 60410 standards

Pass/fail determination before

packaging and dispatch



Common Defects: Types and Causes

Defect Type

Cell Cracks / Microcracks

Delamination

Surface Contamination

Hot Spots

Junction Box Failures

Primary Cause

Improper handling, excessive tabbing
pressure, mechanical stress

Under-curing of EVA (gel content <60%),
contamination, improper lamination
temperature

Dust, fingerprints, or residues on glass or
cells during lay-up

Shunted or cracked cells, cell mismatch
within a string

Poor solder joint or adhesive application
during panel assembly

Potential Impact

Power loss, hot spots, long-term failure

Moisture ingress, corrosion, electrical
failure

Weak encapsulant bond, delamination
risk

Local overheating, backsheet damage, fire
risk

Electrical arcing, open circuit, safety
hazard



Defect Prevention: Key Measures

Process Parameter Control Clean Environment Automated Optical
« Lamination temperature, Standards Inspection (AOI)
vacuum pressure, and cycle e Controlled assembly area to e Detects misalignments,
time must be precisely prevent dust and particulate bubbles, and voids
calibrated contamination immediately after lamination
e Real-time monitoring of e Operator glove protocols to e EL imagingidentifies
lamination parameters for eliminate fingerprint and oil microcracks invisible to the
every module produced transfer onto cells and glass naked eye
e Regular gel content testing to e Proper encapsulant storage — e End-to-end traceability links
verify EVA cross-linking = 75% EVA films are moisture- defects to specific production

sensitive before lamination batches and shifts



Testing Methods in Detalil

EL Imaging Flash / IV Test Hi-Pot Test
Electroluminescence reveals Calibrated pulsed light source High-voltage insulation test verifies
microcracks, faulty interconnects, measures the module's actual IV no leakage current between active
and dead zones — the "X-ray" of PV curve, confirming power output vs. circuits and frame — critical for
modules nameplate rating safety certification

[JJ ELimaging is particularly critical: microcracks are linked to over 35% of long-term module failures yet are invisible
during standard visual inspection. Source: Jv.G. Technology / PVKnowHow



Certification Standards: Overview

IEC Standards (International) UL Standard (North America)

IEC 61215 — Design qualification for crystalline silicon e UL 1703 — Flat-plate PV module safety for the US and
PV modules; performance under environmental stress Canadian markets

IEC 61646 — Type approval for thin-film terrestrial PV e Tests cover mechanical loads, fire resistance, and

modules electrical hazards

IEC 61730 — Safety qualification; electrical, e Often combined with IEC 61730 in the updated UL
mechanical, and fire hazard assessment 61730 unified standard




What Certification Tests Evaluate

Thermal & Environmental Electrical Performance Mechanical & Safety

Stress e Standard Test Conditions (STC): ¢ Mechanical load test: simulates

e Thermal cycling: -40°C to +85°C power output, open-circuit wind and snow pressure
repeated cycles — material voltage, temperature coefficient e Hail impact resistance

fatigue and solder joint integrity e Wetleakage current and

e Damp heat: 85°C / 85% RH for insulation resistance
1,000+ hours — moisture

e Fire classification (UL 1703) and
electrical hazard assessment
e Bypassdiode functionality (IEC 61730)

resistance and encapsulant verification

adhesion

e Humidity-freeze: combined
humidity and sub-zero
temperatures — delamination

screening



Impact of QC on Performance, Cost & Reliability

Long-Term Performance

Rigorous in-process QC and testing
directly limits power degradation;
industry standard is <1% Pmax loss
per year over a 25-year warranty
period

Cost Efficiency

Detecting defects in-process
prevents costly field replacements;
delamination alone can cause 18%+
power loss per affected module and
trigger systemic replacement
programs

Market Reliability

Certified, defect-controlled modules
are prerequisite for project finance
("bankability") and large-scale EU
export market access

[)' Modern solar panels have annual failure rates below 0.5% — but those failures are almost always linked to

manufacturing quality. Systematic QC is the primary lever. Source: NREL / Jv.G. Technology GmbH
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