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INTRODUCTION & AIM RESULTS & DISCUSSION

Nanosensors represent a breakthrough in enhancing the efficiency, safety, Real-time Monitoring & Feedback:
and reliability of modern energy systems.

Used in PV cells and battery systems to track parameters like light

. L , iIntensity, temperature, and stress
These sensors enable real-time monitoring, autonomous operation, and

adaptive control, making them integral to smart energy infrastructure. Self-powered Nanosystems:

Despite their promise, key technical and interdisciplinary challenges must ~ Coupling with nanogenerators eliminates the need for external power
be resolved for widespread adoption, including scalability, durability, and
power management.

High Sensitivity & Selectivity:

Capable of detecting trace amounts of gases and contaminants
E D
MALLS System Reliability Enhancements

Integration of nanosensors across energy systems was examined

Fault Detection & On-line Compensation:

through:

Literature-based analysis of nanosensor functionality in solar cells, Enables rapid detection and automatic correction of failures (Koal et al.,
hydrogen systems, environmental monitoring, and loT platforms. 2013).

Evaluation of material types (e.g., palladium nanowires, carbon Design for Reliability (DfR):

nanotubes) and sensor performance in real-world energy applications. . . e e .
) P 9y @pp Virtual testing and knowledge-based qualification improve lifecycle

Review of strategies such as Design for Reliability (DfR), on-line fault performance

detection, and self-powered systems.
Energy Efficiency Boost:

Material Durability:
Low-power operation with on-chip energy harvesting supports remote

Degradation under environmental and operational stress is a limiting and rugged environments
factor
Challenges Identified

Power Management:
Scalability Issues:

Need for resilient substrates and advanced energy regulation systems

Manufacturing and integrating nanosensors at industrial levels remain
roblematic

<So|ar Energy ) IoTIntegratlo
Nanosensors have emerged as essential enablers of advanced
PV Sensors \ monitoring and control in modern energy systems.
Csma”data They offer unprecedented capabilities in real-time sensing, predictive
maintenance, and loT-enabled analytics.
QEfﬂuency boosh K Predictive care) RS Y

Key contributions include:

Monltorlng & Enhanced performance of solar and hydrogen systems
( N \ Feedback ./ Reliable detection of environmental pollutants
Hydrogen Storge/-/\ / kChallenges) Integration into smart, autonomous platforms
For broader implementation, challenges in scalability, durability, and
4 . ) iInterdisciplinary integration must be addressed.
&Leak demcnoﬂ ( i Future efforts should focus on robust material development, power
( Safety ) ( Batiarnzterals ) pptimization, and cross-sector c_:ollaboration to realize the full industrial
impact of nanosensor technologies.
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