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1 Introduction to Quasar 
Project 

The QUASAR project is a flagship 

initiative aimed at enabling a truly circular 

economy for the solar photovoltaic (PV) 

industry. As Europe’s early solar installations 

approach the end of their operational lives, 

the industry faces a critical transition from 

rapid expansion to responsible stewardship. 

The project's ambition is to move 

Europe toward competitive PV production 

by tackling end-of-life (EOL) challenges 

holistically. QUASAR targets a 70% plus gain 

in eco-efficiency across the PV EOL supply 

chain. It achieves this through: 

• Systematic collection and 

management methodologies supported by 

decision-making tools. 

• Upscaling emerging recycling 

technologies to achieve recovery rates of 

70-90% for silicon, silver, and polymers. 

• Digitalization, specifically the 

implementation of Digital Product Passports 

(DPP) and Federated Digital Twins to ensure 

data sovereignty and traceability across the 

value chain. 

By enabling recovery of high-value 

materials such as silicon, silver and 

polymers, while simultaneously supporting 

reuse and repowering strategies, QUASAR 

contributes to reducing Europe’s 

dependence on primary raw materials and 

strengthening industrial competitiveness. 

2 Articles Published 
The following publications represent 

the core technical and strategic 

advancements achieved during the QUASAR 

project, categorized by their primary 

thematic focus. 

Topic A: Strategic Lifecycle 

Management and Economics 

Article 1: From Boom to Renewal: 

Europe’s Solar Sector Prepares for Its 

Next Chapter [1] 

Main Concepts: This paper examines 

the strategic shift required as Europe's aging 

solar fleet nears EOL. It identifies 

repowering—replacing outdated equipment 

with high-efficiency modern components—

as a preferred strategy for asset owners 

because it extends plant life by 20–30 years 

while preserving existing grid connections. It 

also highlights the "patchwork" of European 

regulations (WEEE and RoHS) which creates 

complexity for cross-border developers. 

Main Conclusions: Repowering is often 

more cost-effective than new builds, cutting 

EOL costs by 15–25%. Strategic EOL planning 

must begin on "day one" of a project, 

requiring cross-functional teams to navigate 

technical, financial, and regulatory hurdles.
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DECOMMISSIONING COSTS ESTIMATIONS IN DIFFERENT COUNTRIES

 

Article 2: Cost and Material 

Estimations for Decommissioning 

and Repowering Utility-Scale PV 

Plants [2] 

Main Concepts: This study provides 

high-level cost and material estimations for 

various utility-scale PV and battery energy 

storage system (BESS) designs. It quantifies 

the material composition of 4 archetype 

plants, i.e. a 200-MWAC plant where PV 

modules account for approximately 29% of 

the total material weight, while steel 

represents 18,2% and concrete and 

aggregate make up 50% in weight. 

Main Conclusions: Subcontracts 

(recycling and disposal) and labor are the 

primary cost drivers, representing 56% to 

70% of direct costs. Standardized cost 

estimation is essential to reduce the current 

uncertainty in decommissioning plans, 

which vary from country to country and with 

the scale of the project. 

 

200 MW PV PLANT DECOMMISSIONING MATERIAL 

BREAKDOWN 

Topic B: Advanced Recycling and 

Material Recovery 

Article 3: Quantification of Technical 

Recyclability of PV Modules for 

Different Recycling Scenarios [3] 

Main Concepts: This research 

introduces a methodology to calculate 

technical recyclability to benchmark 

different recycling technologies. It 

differentiates between "circular" recycling 
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(materials returned to PV production) and 

"open-loop" recycling (materials used in 

other industries). Five scenarios were 

analyzed, ranging from basic mechanical 

treatment to advanced pilot lines. 

Main Conclusions: Technical 

recyclability can reach up to 80.2% in 

advanced facilities (like the PHOTORAMA 

pilot), compared to only 18.1% in worst-case 

mechanical recycling. However, even 

advanced scenarios currently achieve only a 

~5% circular share, highlighting a significant 

need for improved "design for recycling" and 

more robust infrastructure, that is what 

QUASAR project is aiming to address. 

 

TECHNICAL RECYCLABILITY RESULTS FOR 5 

RECYCLING SCENARIOS FOR AVERAGE C-SI MODULE 

Article 4: Evaluation of polymer 

encapsulants as feedstock for 

advanced recycling [4] 

Main Concepts: This work focuses on 

the "forgotten" materials in PV: polymer 

encapsulants. It investigates the viability of 

using mechanically recovered polyolefin-rich 

encapsulants as hydrocarbon feedstock for 

advanced chemical recycling (pyrolysis). 

Main Conclusions: Initial tests show 

that recovered encapsulants contain over 80 

wt% carbon and 98 wt% polymeric material, 

making them suitable for pyrolysis and 

subsequent repolymerization into new PV 

materials. This pathway enables closed-loop 

circularity for plastics, complementary to the 

recovery of glass and metals. 

 

ELEMENTAL ANALYSIS OF RECOVERED 

BACKSHEETS AND ENCAPSULANTS 

Topic C: Digitalization and 

Automated Health Assessment 

Article 5: A multi-modal machine 

learning framework for improved 

health assessment of end-of-life PV 

Modules [5] 

Main Concepts: To support the 

scalability of module reuse, this paper 

proposes a framework that integrates 

Electroluminescence (EL) imaging with 

Current-Voltage (IV) curves using machine 

learning. While EL detects cracks and IV 

identifies electrical failure, combining them 

provides a more accurate assessment of 

health than single-data approaches. 

Main Conclusions: Automated, multi-

modal health assessment is essential for 

handling the projected rise in PV waste (up 

to 78 million tons by 2050). This approach 

optimizes material recovery by ensuring 

functional modules are repurposed rather 

than discarded.
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LEFT: PROCESS FLOW FOR EOL PV MODULE MANAGEMENT / RIGHT: AUTOMATIC FAULT CLASIFICATION 

 

Article 6: A Data Space-Driven 

Approach for Interoperability in 

Federated Digital Twins [6] 

Main Concepts: This paper presents an 

architecture for Federated Digital Twins 

(FDTs) that utilizes International Data Spaces 

(IDS) standards to allow secure, sovereign 

data sharing between stakeholders 

(manufacturers, operators, recyclers). It 

introduces the SINDIT framework, which 

uses knowledge graphs to manage asset 

data. 

Main Conclusions: The use of FDTs and 

Data Spaces is critical for implementing 

Digital Product Passports (DPP). This allows a 

recycler to access a panel's material 

composition or operational history while the 

data owner maintains control, ultimately 

fostering the trust needed to support 

circularity across industrial value chains. 

 

SINDIT ARCHITECTURE WITH INTEGRATED DATA 

SPACE CONNECTOR. 
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3 Conclusions 
The publications stemming from the QUASAR project demonstrate that a circular economy 

for photovoltaics is technically feasible but requires a multi-faceted approach. 

• Strategic Integration: Repowering and lifecycle planning must be prioritized to 
extend asset life and reduce waste volumes. 

• Technological Innovation: Advanced recycling can significantly increase material 
recovery (up to 90%), but the industry must move beyond open-loop recycling 
toward true circularity, where materials like silicon and polymers are returned to 
new module production. 

• The Digital Enabler: Digitalization is the "glue" of the circular economy. Tools like 
multi-modal machine learning for health assessment and Federated Digital Twins 
for data sharing provide the transparency and efficiency needed to scale second-
life applications and profitable recycling. 

Ultimately, the QUASAR project shows that by recovering high-purity fractions of silicon, 

silver, and polymers, the PV industry can reduce its reliance on primary raw materials, lower 

carbon emissions by up to 45%, and achieve a sustainable, regenerative future. 
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