


Quality management of supply chain for PV power 
plant

Whether you are an investor, a bank, an insurer, an owner, an operator or an 

EPC, is highly important to insure the control of all the supply chain so that 

your investment is safe!



Supply chain of PV power plant development

PV Module Mounting / Rack Junction Box

PV Wire Polymer Materials Connector            

Inverter Storage Battery     PV Fuse 

PV Fuse Holder         PV Disconnect Switches 
PV Circuit Breaker 

Development Engineering Procurement Construction Commissioning Acceptance Operation



Key risk factors that influence solar plant returns

Basic 
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Technical Risk Matrix of PV Power Plant

Production

Cell mismatch…Modules

Grounding

Inverter

Mounting Structure

Connection & 
Distribution Boxes

Cabling

Weather Station

Transformer

Storage System

Planning / Development Installation / Transportation Operation / Maintenance

MPPT Issues…

Mounting Structure Corrosion…

Material Incompatibility…

Broken Connector…

Wrong Materials…

…

…

Low quality storage system…

Shadow Diagram…

Inverter Wrongly Sized…

Roof and Static Analysis 

missing…

Wrong Sized Cable Gland…

Cable undersized…

No grounding system…

Shadow and Soiling of 

irradiance sensors…

Cabin Doors not grounded…

Battery Wrongly Sized…

Mishandling…

Unstable Installation…

Screw not fixed…

Lack of Strain Reliefs…

Different Type of connectors…

Grounding missing…

Misalignment between the solar 

irradiance sensors and Array… 

Missing Labeling…

Storage system in not ideal 

environment conditions…

Hot Spot…

Low Performance…

Damage During Maintenance 

Work…

Missing Protection…

Cut, Pressed and/or Broken 

Cables…

Broken grounding…

Damaged Sensors…

Wrong Transformer 

Configurations…

Operation Problem with PV 

inverters…

Equipment



Result of an internal study: Failures/defects in power plants 



Technical Risk Matrix of PV Power Plant

Production

• Incorrect Soldering

• Cell broken

• Cell mismatch

• Cell overlap

• Bubbles

• Undersized bypass diode

• Junction box adhesion

• Delamination at the edges

• Visually detectable hot 

spots

• Failed insulation test

• Failure on mechanical load

• Defective label solar module

• PID

• Lack of certification

• Incorrect Power Rating

Modules

Planning / Development Installation / Transportation Operation / Maintenance

• Glass breakage

• Soiling losses

• Shadow diagram

• Modules mismatch

• Modules not certified

• Flash test report not 

available or incorrect

• Modules weight

• Mechanical resistance

• No protection against 

reverse current

• Different types of modules

• Lack of experience in the 

field

• Special climatic conditions 

not considered(salt 

corrosion, ammonia,..)

• Module mishandling (Glass 

breakage)

• Module mishandling (Cell 

breakage)

• Defective backsheet

• Soiling

• Breakage during transport 

and installation

• Modules fixing system

• Module frame damage

• Module plug connectors 

substituted

• Incorrect connection of 

modules

• Short circuit or defect at 

modules

• Hot Spot

• Delamination

• Glass breakage

• Soiling losses

• Shading losses

• Snail track

• Cell cracks

• Defective backsheet

• Overheating junction box

• PID

• Failure of bypass diode and 

junction box

• Corrosion in the junction 

box

• EVA discoloration

• Module degradation

Equipment



Quality management of supply chain for PV power plant 

development



Quality management of supply chain for PV power plant 

development – Examples 



Cost of Poor Quality (COPQ)

Source：Govind Ramu - SunPower Corporation



Quality management of supply chain for PV power plant 

development – Example equipment failures 

Foundations Rack Connector Substrate



PV Module Product Quality - Examples for PV module failures

Examples for PV module failures

Cell cracks Delamination

Junction box failure

Glass breakage

Potential induced 

degradation
Bypass diode failure

Frame breakage

Safety issues



PV Module Product Quality – Failures in Testing
TÜV Rheinland has analyzed a total of 2000 certification projects conducted at the 

Cologne Solar Testing Centre from 2002 to 2012.

1740 projects for 

C-Si PV Module

370 projects for thin 

film PV Module

Annual percentage of failure in IEC projects. Distribution of failures in IEC projects from 2006 to 2013.

Source: IEA PVPS 2014



PV Module Product Quality – Failures on Site
Failure rate from warranty claims 

(2011~2013)

Failure rate from field studies (8 years, 21 

manufacturers)

Source: IEA PVPS 

2014







Initial Degradation



Wrong power classification!



PV Module Product Quality
Potential defects can be defined during visual inspection



QC Along the Buyer Sourcing Supply Chain



Pre-Production Factory Inspection 
Evaluation for the Overall Order



Nonconformities in Pre-production Period
Typical findings

• Manufacturer assessment

 Production facilities -> low level of automated lines

 Capacity assessment -> order change / breach

 Personnel assessment -> inadequate training

 Warranty claims assessment -> inadequate response

• Product assessment

 Raw materials not in BOM or CDF -> uncertified modules!

 Serial no. encoding -> concealing real production info. 

• Production line verification

 Verify production in agreed factory/workshops -> unapproved 

OEM factory of uncertified factory

 Quality assurance -> poor quality management in production 

process



During-production (DuPro) / Pre-shipment Factory Inspection 
Assurance on Each Shipment



Nonconformities in Production Period
Typical findings

• Material management 

 Incoming material  -> lack quality control/ testing for materials

 Inline material  -> different from ordering records/ contracts

• Production line verification

 Process  -> not conform with Standard Operating Procedure

 Personnel  -> misconduct/ be asleep at duty

 HSE  -> high risk of accidents

• Final products defect findings

 Appearance  -> visual inspection

 Maximum Power -> Flash test

 Defects detection -> Electroluminescence test (EL)

 Safety tests  -> critical!!!



IEC Reliability Tests and Extended Reliability Tests 
Assessment of various influences on PV Modules

 Damp Heat Test (DH) 500 ~ 2,000 h

 Thermal Cycling (TC) for 50 ~ 500 cycles 

 Static Mechanical Load for customized load severities

 Impulse Voltage Test

 Hail Impact 25/35/45 mm

 Bypass Diode Thermal Test

 Hot-Spot Endurance Test

 Outdoor Exposure Test

 Salt Mist

 Ammonia Corrosion Test

 Dynamic Mechanical Load

 UV Precondition Test 5 ~ 30 kWh/m² for IEC 61215

 UV Precondition Test 60kWh/m² for IEC 61730

 Thermal Cycling 50 cycles + Humidity Freeze Test 10 cycles



Why choose Supply Chain Quality Assurance Service for 

certified products?



Supply Chain Quality Assurance Services
Along each procurement steps



Final Deliverables 
Technical  reports – Your Benefits



Failure examples





谢谢！ Thanks for your attention!       Gracias por Su Atención

Preguntas?



Vitor Rodrigues

Regional Field Manager

PV Power Plants & Systems

Solar/ Fucelcell Technology

Spain / SAM

Vitor.rodrigues@es.tuv.com

www.tuv.com
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