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Abstract:

The rapid growth of energy demand, environmental concerns, and the limitation of fossil resources
have made the development of smart power systems based on new energies one of the main axes of
research and industry. In the meantime, integrated electronic circuits, as the foundation of monitoring,
control, communication, protection, and energy management technologies, play a key role in realizing
the intelligent, sustainable, and reliable operation of these systems. This article reviews the role of
integrated electronic circuits in the development of smart power systems based on renewable energy
sources. First, the basic concepts related to smart power systems, new energies, and integrated
electronic circuits are introduced. Then, the application of these circuits in power converters, smart
metering systems, protection equipment, energy storage devices, communication infrastructures, and
power control and management systems is analyzed. Technical challenges including losses, reliability,
electromagnetic noise, cost, cybersecurity, and scalability are also examined, and future trends such as
low-power integrated circuits, Al-based smart chips, silicon carbide (SiC) and gallium nitride (GaN)
technologies, and integrated energy internet systems are discussed. The results of this study show that
electronic integrated circuits not only increase the efficiency, flexibility, and reliability of smart grids,
but also provide a major platform for the wider integration of new energies into future power systems.
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Figure (1): Conceptual architecture of a smart grid illustrating the main layers of the system including the power layer,
communication layer, and control layer that enable bidirectional power and information flow in modern power networks.
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Figure (2): Conceptual illustration of major renewable energy sources including solar, wind, geothermal, small hydropower,

biomass, and wave energy, along with their impacts on power systems. Despite their environmental benefits, the intermittent
and variable nature of these resources introduces challenges for power system control and stability.
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Figure (3): Conceptual architecture of an electronic integrated circuit (IC) including processing unit, analog and digital
blocks, input/output interfaces, and power management circuits integrated on a single semiconductor chip.
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Figure (4): Role of power electronic converters and integrated circuits in interfacing renewable energy sources with the grid,
including PWM units, gate drivers, DSP/FPGA/ASIC controllers, and control functions such as current control, voltage
control, MPPT, and grid synchronization.
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Figure (5): Role of integrated circuits in protection and fault detection systems of smart grids, including digital relays, fault

detectors, isolation circuits, and smart protective devices for identifying and managing faults such as short circuits,
overcurrent, overvoltage, islanding, and undesirable fluctuations.
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Figure (6): Conceptual architecture of the energy management and smart decision-making system in smart power grids,
including renewable resources, energy storage devices, consumer loads, integrated processing circuits, communication chips,
and real-time decision-making layer.
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Figure (7): Simulation of the power balance in the microgrid, including the generated power of renewable resources, the
storage power in the energy storage system unit, and the load's consumed power over time.
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Figure (8): Voltage response of the main microgrid bus under variable operating conditions and load disturbances.
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Figure (9): Simulation of the power balance in the microgrid, including the generated power of renewable resources, the
storage power in the energy storage system unit, and the load's consumed power over time.
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Table (1): Performance comparison of integrated circuit-based intelligent control system with traditional analog approaches
in microgrid management.
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Figure (10): Three-layer communication architecture in a smart grid based on renewable energy sources.
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Table (2): Comparison of communication architectures and capabilities of telecommunication chips in smart power grids
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Figure (11): The role of integrated electronic circuits in photovoltaic solar systems, including maximum power point
tracking, inverter control, panel monitoring, shading detection, and grid power injection management.
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Figure (12): The role of integrated electronic circuits in wind systems including generator control, AC/DC/AC converters,
wind speed and direction sensors, and fault detection units in variable speed wind turbines.
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Figure (13): Wind turbine output power comparison

sheslinal cllojo 098 oo Glug Jlad Gus (e Ol b e Glade w0 AT was e lis (VF) S8
g o0l JLdd e 79y Ol cam oSy S b FPGA DSP aiile cpaizns slojloe (e (sbvonsss Jyus
Slap sl lyzl g ©ju8 Sy xSl slo Joe iy b ooaiss JuS ol b go Gl Zlysasl LB ol jlade
L )55y &2 e S p 230 LS 1) 55y S S8 0 Shae (VF) S5 i o S9a2 1) Cmp98 0 8es 3Lttt
@) )55s) Bly S WIS o0 I getizme sla)le (e 00 JFUS 5 3900 (e Sk Sy Sl 4 4z
G Al )3 (s el crge oalS J3S (nl @ gl Oloy 5 YL S8 S)ls o8 Ssp gz e i
Ailgi co g0b slraileln ;o wielign peizme lojlae I eolaiwl a5 awo o lid Jloged 90 pl iS Jes (g cwlin

AR


https://jeps.dezful.iau.ir/article-1-566-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-09-08 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 1- Spring 2026

9 OlF b e S Lulyd )3 098 ol 5l eadgl il Ol Al g e (Seslid 3 Sles 9 crge
9y s | gl BB (6550 51 st olia J5ES e 5 95 e L8 Sk St b cow caday uye
5 AC/IDCIAC slaJowe &8s JyuS dojguis sloosls myw JUlon b geime lajlbe (e slrosS J 0S8
2959 & o S8y celie (23 (rigren WS oo @l ) A alall 4 SG5 60 e (Bl )5y, Cae e i
ks 5 ains malS 1) ol llg wols Same |y s (Saelid gealy Ailgs e boaisS S ol 45 ams e ol

oo il ) Al 4 (g5 8,5

Rotor Speed Tracking using 1C-based Controller

131 &
ry
"1
I
1% 1 1
i
[T !
- 111 F'n !
5 [y ..
o LA
e YA
3107 = |
i \ -
] \ [
5 o | -
] | |
[
A4 b |
I I
'] I
71 i
=== Raferance ralor speed |
—— LControlled rotor speed
G : : : -
o 10 20 an 4 50 B0
Tirmee {51

OUiS JyUS bwgi g9y Cus p (213, :(1F) S

Figure (14): Rotor speed tracking by controller
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Table (3): Classification of the role of integrated circuits in battery and supercapacitor management systems
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