
A Circular Economy 
Business Model: 
Refurbishing European 
Solar Modules for African 
Markets
A circular economy approach to end-of-life European solar panels

Leveraging Turnkey Manufacturing Frameworks for Predictive 
Operational Success—A Study by J.v.G. Technology GmbH.
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European End-of-Life Context

WEEE Directive
European regulation requires 
85% recovery and 80% recycling 
of solar panels

Volume Growth
First-generation installations 
reaching 20–25 year lifespan

Regulatory Pressure
Producers responsible for 
collection and end-of-life 
treatment



Module Degradation Reality

Typical Degradation Rates
Average panels degrade 0.5–1% annually

Modern monocrystalline panels degrade at just 0.4% 
per year

Remaining Capacity After 20 Years
Most panels retain about 90% of original efficiency 
after 20 years

Warranties guarantee 80% capacity at 25–30 years



Refurbishment vs. Recycling
01

Recycling Limitations
Material recovery reaches up to 80% of 
panel mass

02

Refurbishment Opportunity
Modules at 80% capacity can deliver 
10–15 additional operating years

03

Value Preservation
Extends product lifecycle while 
maintaining functional utility



Key Project Data

Europe
Source Market

End-of-life modules from 
WEEE streams

Africa
Target Market

Off-grid and distributed 
applications

~80%
Typical Capacity

Remaining power output 
after 20 years

10-15
Additional Life

Years of extended operation

Business Model: Testing, refurbishment & re-certification facility. Source: PVKnowHow / J.v.G. Technology GmbH



North Africa as Strategic Hub

Solar Resource Quality
Region exceeds 2,000 kWh/m² solar 
irradiance annually

Logistics Proximity
Close to European collection points; 
short shipping routes

Market Growth
Regional renewable energy market 
growing at 6% CAGR through 2028



Operational Process

1

Collection & Transport
Aggregation from European WEEE 
compliance schemes

2

Testing & Sorting
Performance assessment using 
standard test protocols

3

Refurbishment
Module cleaning, junction box 
replacement, minor repairs



Quality Assurance Framework

Performance Testing
IV curve characterization under 
standard test conditions

Visual Inspection
Detection of cracks, delamination, 
or encapsulant degradation

Re-Certification
Documentation of remaining 
capacity and expected lifespan



Target Applications

Off-Grid Electrification

568 million people in sub-Saharan 
Africa lack grid access

Solar home systems and mini-
grids for rural communities

Agricultural Applications

Irrigation pumps and cold storage 
where lower capacity acceptable

Small Commercial 
Systems
Telecommunications, clinics, and 
light industrial installations



Market Dynamics
Supply Side: European modules reaching end-of-life under WEEE compliance pressure

Demand Side: Africa expected to install additional 23 GW solar capacity by 2028

Price Advantage: Refurbished modules at 30–50% discount enable broader access



Risk Factors & Mitigation
01

Regulatory Compliance
Alignment with import standards and 
quality certifications in target markets

02

Performance Variability
Rigorous testing protocols ensure 
consistent quality grading

03

Logistics Optimization
Container consolidation and reverse-
logistics infrastructure



Circular Economy Impact
Refurbishment extends module lifespan by 10–15 years, maximizing embedded energy

Reduces waste stream while addressing energy access in developing markets

Model combines environmental sustainability with business viability through experienced turnkey engineering 
partnerships
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