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Abstract
This study aims to analyze the integrative role of the Internet of Things (loT) in enhancing the

sustainability and efficiency of renewable energy systems within the framework of smart grids.
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A cyber—physical model is developed to establish a quantitative relationship between
communication Quality of Service (QoS) parameters (latency, packet loss, reliability) and
electrical performance indicators (voltage stability, frequency stability, and energy loss
reduction). The research adopts a quantitative analytical approach supported by conceptual
modeling and theoretical simulations to capture the interaction between data flow and power

flow.

The results indicate that improving communication quality significantly enhances grid stability.
The proposed model shows that a 20% reduction in latency leads to an approximate 12%
improvement in voltage stability, while loT-based predictive maintenance reduces unplanned
downtime by up to 25%. Furthermore, the integration of predictive analytics contributes to
reducing energy losses and improving operational efficiency, thereby increasing the economic

viability of renewable energy projects.

The study concludes that loT constitutes a fundamental pillar in the transition toward smart
and sustainable energy systems, while highlighting the need to address cybersecurity, cost,

and interoperability challenges to ensure effective implementation.
Keywords: Internet of Things, Renewable Energy, Smart Grid, QoS, Sustainability.
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Uil el (Latency, Reliability) Zailaiy) deadld) saga lydigal daialg obadd 393a 2aan
LS
Glubaadly JLRN & lka Ggiua Ao .2
KA Ul dadat] e Auday juleag dsedan i sk
asaiall 8l gl 8 o)) Joaill apail 4jldtial Silsa s
LS ASeally AIOT Jlae 8 pshailly Gandl aojliia ae
STy ad) Gl e .3
c el JLEAYL QOS wbge dayl s ST S #3las gk
s Adads Gl b edl) YD Gebil dulae il ciluls ohal
sl ISl 8 A ) JlB e Byl A liG/6G 5 il il Ay
doliiiie 48 ciluags .4
LS Baxaial) Al ilasa 5))3) 4 (Digital Twin) a8l alsall <l e
Aapad) Sl 4 dulacd) dalled) e slaieV) Qi dgdhall dawsal) alasi)
(Security by aeaill dlsjye dia Al gal) b dnere dediie i CVsSsign oLl
Design).
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