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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.

Yy


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

[ Downloaded from jeps.dezful.iau.ir on 2026-10-21 ]

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

V-0 e =gl o)leds ool Jlo —aradige &j08 Glapime )0 (gt Slidiod 4,08

Sosl g (§ S i 9 (651 a0 - Y-F

LoADA] 6iS o oo aSis Sate jie lgie 4 (EMSS) ™ 65,50 Copoe slapiasw wiaden &y0d glaaSis o
0553 i pdyaas lashpl p e e Slads Gl a5 b ileSealen daailbels ol (Lol aiiloy
e @55 eder Cupde b 655 Bl Gt Bat Cotle 4 axgi b ol (Fras syl 5 (BSS) Tl
L5 ] el sl s Lo ollr @ s g0 0 G385 45t (5l (o

ly g Sl jo (655l S pae pianw Sie (gilwosly eadanas (gilwesly g s lElecn cole ) -l
Golone 5 bbb ) 5yls oadarss sbag lons 5 (IC) aoime sbojlhe 035> 4o ol Glocd ey 4 Guad
el ol ol sliz! 457wy 0 0500 (rlawaiz

Sl 5 5laaz didsg dasols (o3ls, Lol atun lgie 4 loadl s cpl: Moabarss slooassls, o M S Sy, -
)l oage |y (IS el 0ds 5 (sileaine odezm lapi oSl sl e S

Sty Sl b ad i (LS sleadls sl gt ) Gl Sl BLS,T )85 lp bS] sleadl s -
D9 o o3liiwl alize slo [SGs 5

5 56 (Sexd o plee L)l (JiSems sl by glajlae 5 38 Jlums 4 ST sl Jue Mlanly ol las
S oo )l 1y oiiley Jlumms slos 5 (8 ol >

Gyl sl el YU Slwbre 08 b s iy aoime slayle 1S slopi Xl szl 5 ools ajls, —o
1S o S e |y 5 cillsg aail s onl [EY-2F] &)l o ool 3 St ad o1, Lijle p oSt

gl (795 Ol ot lp oetle $xT0b 5 (Eyhas er n (e Slapt Sl bl b g wg (G -
(555 Srae Glagsll g pdynaes

@55l 5 Sl oyl alrals das b ange 5)L0055L0 ln S50k Slegeal ST iaielion (6 S peai -
Dl s Job (il s leanse rals jslaie 4y Lo

Tobw 4y sadzl sl laosls ¢ bl )l slas lasbnl 51 Slocin b aaiome s jlaw i ool alidis Sledbl Jols -
Foml gsbe 50 1) G Gl d 5 00,8 Jloyl (B T 5 S g 00l (6 5lmer sl wile el YL
S e 1y

sbrl 6550 @lie 51 5000 2 5o (ol (575 (655! S e Slapiuan )0 4z LSs ol cnl plesl cales 5o
Dl oo Dlawloes CBs li8l g 20wl jo Sl relS cel il caas geise boylae l colaiul .cwsl 08 )5
Slagelide ;0 wiedse Glaptus JLEl Glp 1) o) (Sllee plg Sras a5 5 Sligen slal 5luSzsS L ash
D3l oo Hlaed 00 S

lamly pdgsam gl ol o a5 asoe la 1) aiadse 655l Syt e o LS (B) S
Eeime slajlae GLSLo )0 Wigdioo Copde 4z L0 (SRS ezl S Cod (Bras Gla)l g 555 ilee S
Lyl a5 YL zbaws b oMbl Jobs 5 IS slani s8] slyzl nlodlbl Sisls s dlaosls (6 slaam 5o (souls it
B S S5, (6 S e Qe (bl )| slaadl 5 g oadanad slaoasslon e )5S 5 5l eslitul S o
Dl 2alS o655l x50 0 Rl czge lere Gul i jo silege w2l 1) Ol Gl iledir 5 et
B9 oo pdgdaaas e 5l o 53 okl )] 5 4l (2855l Sente

B emip e Bran g 0g S Ll ph Sod 0y 59 S0 50 Gl 515 el o edmline (V) KB )0 oS Wi lea
ol e oo b adiyo ol ul il dase bl Ol 51 LG« pdiagasy mbe gadsi ol Slilugs Lol 48 )5
g el Glej 50 6551 Bay5 9 ade Slile ey po (BLAl (g i L (6551 Slee S sy al i iz o S
el b Cenl 3B (65531 o oo (631l a5 was oo (LS (5iludned S oS oo Ll g5 (sileolite )3 s 2
heled (655 gl Al jo wad Sllegs 59 5l 9 00, Lad> 1) Bras g adgi Ol Jol jluo 25 Gl

Yy


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

[ Downloaded from jeps.dezful.iau.ir on 2026-10-21 ]

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

INTELIGEN/DECGHIALATER

!

fh?lﬂosntgr?r:g Control Al/OPTIMIZATION ALGORITHMS SCADA INTERFACE
Scheduling ) ) (Prediction, Learning, Optimization) (Human-Machine Interfaie)
v
CONTROL COMMANDS
DATA FLOW DATA FLOW DATA FLOW
Mcu || FPGA
FPGA | psp COMMUNICATION ICS DATA SENSORS / ADC

I =
IC-BASED CONTROLLERS

(e.g., Wi-Fi, Zigbee, 4G)

(Voltage, Current, Temp)

HARDWARE/INTERFACE LAYER

POWER FLOW

g 1 7

PHYSICAL LAYER

{rd

Smart Loads

g an ailio Jold ciiodgd @yu8 gLl jo Wioligh (§ S paeuad 9 (65 51 Cut e s (s050:0 (6 jloxo () S

S5, (g S el Y g (DLl GaadlF ((SD310 p gede Syl (B pan oL o555 s jLlwe S
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,
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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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Rotor Speed Tracking using IC-based Controller
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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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Table (4): Classification of the role of integrated circuits in microgrids
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