
 

From Lab to Market: Printed Perovskite Solar Panels and the Role of Interface Engineering in 

Commercialization 

Perovskite solar cells (PSCs) have emerged as a transformative photovoltaic technology due to their 
high efficiency, tunable optoelectronic properties, and low-temperature processability. These features 
have made them promising candidates for integration into flexible, lightweight, and printed solar 
modules, particularly in the context of emerging green electronics and energy-autonomous 
systems.Despite remarkable laboratory-scale advances, the path toward commercialization of PSCs 
still encounters significant challenges: poor long-term stability, toxicity concerns, scalability issues in 
large-area module production, and interfacial degradation. In this work, we address these challenges 
through a multi-faceted strategy that integrates printing technologies, advanced interface engineering, 
and sustainable material design. 

Our group has developed clay-based functional scaffold layers that act as both structural stabilizers 
and ion-trapping agents, minimizing lead leakage while supporting high-quality perovskite 
crystallization. Additionally, we have introduced boronic acid-based self-assembled monolayers and 
nitrogen-doped carbon quantum dots for efficient charge extraction and interfacial passivation. These 
strategies significantly enhance device reproducibility, environmental stability, and power conversion 
efficiency. We are currently progressing towards a pilot-scale printed module production line under a 
joint investment initiative with academic and industrial partners in Turkey and Switzerland. The 
production facility, planned for Adana, aims to reach a capacity of 100 MW/year within five years. 
Moreover, during our ongoing collaboration with FBK Trento, we are exploring the integration of 
POMs and Zr-based nanomaterials into printed perovskite architectures using advanced MEMS-
compatible processing. These efforts aim to pave the way for highly stable, printable, and scalable 
solar modules with strong commercial viability. Our study highlights the critical role of interfacial 
design, printable materials, and natural scaffolds in accelerating the transition of PSCs from lab-scale 
prototypes to market-ready solar panels. 

Keywords: Perovskite solar cells, interface engineering, clay scaffolds, POMs, sustainable materials 

Acknowledgement: Thanks to Fondazione Brune Kessler and Visiting in Trento program, 
TUBTITAK  PN: 119F374 and PN: 121F183 for the financial supports of the works mentioned here. 

 


